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QÄlö,63iCEBlbsai 
File 1 Msy 1959 

(- « K« ^rns, Jr. 

Armour Research Foundation Contract Nonr-2389(00) - t-iotes on A.R.F. 
Final Report concerning Aerojet Hyrroduct - Uydroductor Project 

Ref:        (a)    Clearance Memorandum did 28 War 191*9 - Incorporated into Contract 
&60nr-2liU{2li) (COHF) with CIT entitled "Hydrodynaaic Problems 
Associated With Underwa-er Jet  Propulsion" (Restricted) 

(b) Aerojet ltr to the office of Naval Research, A tin«    Dr« £• &• Seymour 
citd 25 Oct 1°U9 concerning cooperative performance of underwater 
Power Plants 

(c) First and Second Endorsements (OIK & BAh r-asadena) forwarding 
Aerojet's Proposal for Hange    estir>;   of the Hydroduct and 
Hydroducter dtd 25 June 1?'?,  0£R,    ode 1*63, Attnl  CDF. F. B*    ucker 
(CONF) 

(d) 4emo to File from C. £. aims dtd 31 -a.   IP 3 (W?i 23J*-OOli) 
outlining. Probable Deficiencies of Proposed Aerojet Hydroduct 
and Hydroductor Ttanj e ''estin^  i'ro, ran (f .tflF) 

(e) demo to Kile from LT H. Bucknell dtd 10 Kov 19 S3 (Fils Wa 231-OOÜ 
reporting  or  a visit to Aerojet in Oct 19; 3 concerning the 
Hydroduct Contract Korr-1002(00) (C >NF) 

(f) BuOrd ltr to CNG Ser 30992 dtd 5 Dec 1956 forwarding notes on 
Hydroduct Pro: ram prepared br RejkS of BuOrd end dtd 2? Dec 193$ 
(COSF) 

(g) /eiao to CXSR Roper from C, E. burns dtd 10 Oct ly>6 (/& 231-001*) 
concerning rough draft of Conference Report prepared by Hr« üon&ver 
st: n result of 28 Oct 1956 sjeetinj   with ONE (CO r) 

(h)    Bar Asuss First Snd. to CNR, Ser OlOln did 15 :,ov 1956 forwarding 
Final Kraft of Conference Report prepare« by Mr«    on, wer concerning 
20 Oct 1956  4eetint  with   Ml (CÜKF) 

(i)    >'teo to C.i. ftoper from L,  :-• rums dtd 27  • ov 1956 (MR 23ifO0li) 
recommending analysis of Hydroduct arc Uydroductor project by 
an imp» r tiel proup (CO F) 

(j)    'iemo to CIS Roper fro« C. K.  Bums die 26 Dec 1956 (HR 23lf00U) 
concerning  discussions with NOL snd -. »tholic University 
I Lepresentatives (CQHF) 

(k)    Now© to CW Roper frcss 0, £« BBKrnt^diätf*^!^? 1957 (KR 23U-OOI4) 
concerning  cost of and future support of Hydroductor Proj rs;n 
at Aerojet (C ?KF) 64 



' 

(1)    Annex "A"  to contract £ionr-23Ö9(00) with Amour Research Foundation 
dtd 1? Au*  1937 (COh¥) 

(m)    Ltr to Br« hit-uer from Coda 1*29 dtd 10 Jan 1958 outlining answers 
to queatlone concernLnt  the Hydroduct and hydroductor which had 
been discussed with Aerojet (C »HP) 

(n)    *4emo to File dtd 20 Apr 1958 Espcrtin,   C crference with Armour 
Research group, Apr 22  through 2h, 1958,  concernini preliminary 
draft of Hydroduct - liyaroductor Final Report (COKF) 

(o)    A«H,F, Report J311J3 dtd Hay 1958»  entitled,  "Evaluation of an 
underwater Rocket« (COW) (Superseded by Sept 1958 Report) 

(p)    Memo from OJSl/Chica^o (Hr. Hindak)  to ('ode li63 (>*r« Buroa) dtd 
6 Jun 1958 concerning Final Report A«!UF«  DII43 dtd May 1958 (COtfF) 

(q)    Aerojet ltr to ONR Code 1*29 of 10 July 1958 coaaaantiftf. on Armour 
Report Dlli3 dtd May 1953 which was cancelled ano replaced 

(r)    OUR ltr (Code 1*29)  to C. A.  üongwer, Aerojet General dtd 16 Oct 1958 
requesting return of Armour   eport Yflh3 dtd May 1938 

(s)    Memo to File concerning telephone eonferonoa with Br« Hitter of 
A»R.F. in Chicago, 111« and Dr« Vincent Cashing of A«R«F« in 
Washington, D«  ( • and Mr» C« E« Bums of 0*8 in Washington,  D« C ♦, 
2h July 1958 (CONF) 

(t)    *.PSF. Report Hh3 di<; Sept 1958 entitled, "Evaluations of An 
U rtde -•*? ter R ooke tr' 

(u)    ONR ltr Ser 019t7  to Aerojet  dtu 18 Hcv 1958, forwarding  .wo (2) 
copies of Revised Armour Report reference (t) for comment as 
previousl    agreed« 

(v)    Aeiojet Report   'o« 1> .6 dtd Fei; 19 $P submitting Comments on 
Armour Research Foundation Report ;-lh3 dtd Sept 195& 

(w)    Aerojet   «port ">o# L28l5-li3 dtd 15 Nov 19:>o (Example of Inconclusive 
ests,  Results  reported b.v Contractor) 

(x)    Me TO from C, E« Bums, Coce I463 to QNR/Chicago (Mr« R« .iindak) 
dtd 26 Mar 1959,  requesting Armour Research to review the Aeiojet 
Report 1556 

End:       (1)    Copies of  references  (a)   through (x) 
1»    Beginning in about 19k7 the Aerojet Corporation *aa looking for use8 for 
a metallic base propellent which they haö developec and were attempting   to 
sell under the trade 'name Aldo.    One of their interest« was in the work bein* 
done under our contract at CIT with Er« R. Knapp, under which we were attemptin- 
to sol-ve some of the problems associated with underwater jet propulsion«    'fhe 
work under this contract was pointed toward the d**;«lopnent of a new type of 
underwater missile as contained in clearance memorandum,  reference (a)«    Amont 



the ite** incorporated    n  the contract which wee initiatee in April r>i# wer« 
cir*t  affects^ jet configuration» ana body snapes as related to an ultimata 
vehicle which it wee hoped would require no depth control or a tearing at 
ram es lese than 300 yards«    In fact Aerojet had been "cut in" on the effort» 
of the   jermans to develop ar: ungoidsd short range underwater rocket for uae 
by their submarines« cut which weald htt\e require«,   the submarines to be 
"trimiiaacU*   Several other typea of underwater rocketa which had been under 
development by the Germans in World War II were ^Iso considered and referreo 
to Aerojet*, including the *ürsel Projectile" a short range (100 to 300 yards) 
rocket which could be fired by a submarine lying on the water or bv a surface 
ship p ralnet enemy tart eta such as ships of the "Picket Class«** 

2.    AB work at CIT contirmed, our relationship with l)r# Knapp became strained, 
because hie available time had been over-committed and work on our project was 
being delated«    Later aerojet hired him aa a consultant and this a^ain reouceo 
his  time available to work on our contract»    This situation becarae so critical 
thai  this Branch allowec the CI*3  contract to larse in 19;>3# and the final report 
was prepared by Mr« J« P« JfNeill who took over Pr. Knappfs position, after 
rather extensive or anisstional changes within CIT«    IMs report was rather 
inconclusive and was not finally completed until late in 19$k*    In the inter- 
vening period, Aerojet  h&6 submitted a letter,  t-eie\ence (b) dated 25 October 
19b? to Code Ü25 > Attentioni    Dr« S« h*« Seymour, concerning ♦•Performance of 
Underwater Power Plants** 8 ion;   which were trie Hydroduct and Hydroductor«    The 
vehicle use*   to test   the latter two power plant types propulsion devices was 
originally a MK*h5 torpedo body which later took on the "Lyons* form, based 
on work done at H'"'TS an<< that cone by  Dr« Knapp at  CIT,    Since none of  tue 
work dona under Dr. Knapp at CIT or that cone by Aerojet was conclusive, we in 
Code L63 were not enthusiastic about undertaking   development of either the 
;I;• droduet or Üydro(hictor• 

3«    Durinj   the "Korean triais" in June 19, t, Aerojet submitted a formal proposal, 
reference (c),  to develop the Hydroduct and Hydroductor«    After presenting  tf*ie 
proposal, Aerojet put extensive sales pressure on Codes h?9 and U63 nnd perhaps 
elsewhe: e to have the project activated•     iy reactions and objections to Aerojet's 
proposal is contained in reference (d) which delineates the areas considered 
basically deficient  and which would subsequently stall smy attempt to develop 
an underwater missile except through a "Manhattan Project" type of approach« 
however, Out, including  C U   F« B«  iucker,  than riea*   of  the Armament branch, 
were looking   for a weapon and my efforts to limit the work to certain initial 
aieas of research failed«    Aa a rsault, in September 1952, (ode 1*63 and Code h2> 
entered into an extensive development program with Aerojet entitled "Range 
"eating of äydroduet and Hydroductor Teat Vehicles«■    ihis situation was later 
verified, and amplified by IT H« Ducknell in hia memo of 10 November 19^3 
reference (e) when reporting on tim status of the Aerojet work as of 10 November 
1953«    Me was not onlv concerned with their efforts to unreaaonably advance 
development, but also their efforts to sell the Hydroduct aa a weapon rather 
than to "curvy out research•■    In this memorandum,  he advisee CDH F.  b«  Tucker 
as followa*  "It is deeired that further "selling* of the Hydro duct as a weapon 
be helc? in abeyance pending  coropletlon of various analyses«w    However,  action 
to prevent further developtiant was never initiated by CMK Vucker for reasons 
beyond ay comorehensior: end we proceeded merrily on our way«    Hue work been 



maintained at ■ bsaic research level even si this point the technical oaficloncl»i 
of the project would have been aware to all» Us could also imv« aaved a large 
percentage of the $1,300,000 spent by 5STJ plus funds spent by huOrd and KOTS 
on a project which was beset «1th "basic deficiencies", yet treated as a "cler 
cut development.* 

Um    The f inancin of the "Ran] e resting of Hydroduct and Hydroduetor Teet 
Vehicles" waa divided between Codes U63 snd U29*   Certain elements of the 
propulsion system development for the lest Vehicle «ere supported by Cede U<3 
under Contracts N6ori-lG and Nonr-l863(00) both of which co^er general projects 
in the field of propulsion« Code 1*63 in ti:rn. supported only the sn^e Testing 
of the "test Vehicles" known as the Hydroduct and later on the Hydroduetor 
both under contract Nonr-1002(0C)» This program covered a period of some thin*. 
over five years ami cost somewhat over §h,000,000 as pointed out ir. reference 
(k)* Since ©11 work under f.ode h&j  contracts were not chargeable to ti*e 
Hydroduct or Hydroduetor* we prorated their effort as being approximately $600*000 
r>lua fode li63fs expenditure of approximately 5700,000« On this basis the 
Byproduct and Hydroduetor program as of October, 1957» had coat the Office of 
Naval Research approximate!;/ *-l,300,000 which did not include the use of 
facilities at Harris Dam that were provided by the Bureau of Ordnance. Seither 
did it include the salaries or overhesc  of personnel at the U0T8  facility who 
assisted Aerojet bo carry out the test program* 

5« n*; carrying work in this program, it should be bore in *uMd  tiiot the original 
requirement, for this t pe of underwater weapon was $00 yards — tin  extremely 
short range — and 1000 foot depth, the latter an extremely optimistic hope* 
The weapon,as envisioned, was to be firec fro« one of our submarines against an 
enemy submarine or surface ship and woulo carry a relatively small warhead« 
On this basis the orielnsl vehicle had been considered as carrying a 10 pound 
warhead but after review and discussion, this was increased to approximately 
30 pounds, thus basically fixin; the configuration of the vehicle which Aerojet 
was planning to design and develop» From time *o time an examination of the 
work bsine done by Aerojet Indicated tnat little was bein*. accomplished as 
previously mentioned by LT fricknell in reference (e) And that we were emeshed 
in a development 9n<i  sales pitch type of program for which fundamental basic 
weapon design knowled e was lacking • In addition to "short comings" such as 
depth sensitivity, lack of depth and asimuth control, and fluctuations in 
flight velocity other adverse factors relsted to the combustion snd propulsion 
system were evide t. Some of the test results indicated toat the hydroduct 
fired in s>«allow water emrt  for short rentes 300 to fcOO feot 'cm^  a fairly flat 
trajectory and eight be useful for soae application other than a submarine« 
At one time it was eu&ested the ßydroduet eight be use< in shallow underwater, 
fixed installation as an anti-torpedo motor boat defense weapon or as a defense 
weapon against similar aneak attacks by larger ships« It was clear, however, 
that it would be difficult to increase the rente of this type of device sne to 
fire it from variable depths because of its * depth sensitivity" and lack of 
asianth control« In addition, there were ssany lo^e problems to be solved 
before it could become a weapon, including sealing a. sinst water pressure at 
various depths up to 1000 feet« 

6> Ihe status of the Hydroduct and Hydroduetor V&B  rather heterogeneous aa 
far as the Bureau of  Ordnance was concerned, although notes prepared by them 



*nü  forwarded to C80 by reference (f> indicated that there ware some people 
in that iureau who had an idee that the Kydrouuct ml&ht oe placed on the 
shelf ss a finished cesirn or transferred Lo HuOrci« Actually this hop« was 
not borne out since further research and development Las demonstrated that 
the "*-droduct end Bydrodactor were both "depth sensitive", lacked range and 
do not have underwater trajectories necessary to "kill" underwater or surface 
targets« A recent re-vie* of reference (f) again indicates that It was «soie a 
"statement of the work" than a weapon analysis« Actually the requirements to 
be met by the weapon are rot spelled out, neither are the tactical situation« 
undex which it could be use«.: stated« Had say one or all of the several 
Important factors been considered, reference (f) woulc have been a useful 
document rather than to have indicated thai the "weapon and launcher" are 
regarded n&  approximately ready for plscinf on the shelf or transferring to 
BuOrd» 

?'• On October 28, 1956, a meeting between representatives of their Branch anc 
Cods U29 and Aerojet WPS held to discuss further support of the Bangs testing 
Program* The purpose of this meeting as it turned out was an attempt to "Sell 
Ulis Branch" or? the idea that further support of the Aerojet Hycirocuctor project 
was worth while« The results of this meeting are summarised In references (g) 
and (h). It will be rote«;; that while some of Aero jet's effort, was basic, most 
of the work with respect to the Hydrodactor was "cut and try." In other words, 
thev were attempting to develop components such asf an "igniter" thst would 
function ander one set of specific starting conditions that were critical due 
to "sequence."  55e? were also stieiaptlnt to develop a new "after end" of ~^he 
missile designed to "eliminate depth sensitivity«" in all of these approaches, 
thev were attempting to develop gadgets or components and assemble into a unit« 
Reference d)  outlined my disagreement with any further support of this devel- 
opment and ßlsc suggested that if we did any further work^ it should be at a 
research level and that we should secure the services of a facility stiffed 
to do basic research» As n result of this situation, this branch withheld 
further support of the Hydroductor program pendint results of some tests which 
Aerojet was going to run with a "new configuration11 tfesi^nec to eliminate "depth 
sensitivity*■ Realizing th©f further tests by Aerojet could not be conclusive, 
i prepared reference (i) in which I a&aln pointed out areas of deficiency in 
the Hydroduct and Hydroductor designs which should be investigated before we 
put any more money in the program, also the little likelihood of achieving 
"depth nsehslt •" Reference (i) also pointed out that if Codes hPO and U60 
felt that the Hydroductor program in its present, form should be continued, they 
should give Code h29 funds for complete support, "even though there is some 
doubt whether the work should be done or belon. s in the latter code«" In this 
memorandum reference (i), it was further recommended that we withhold funds 
desired by Aerojet to "continue range testing1 until an independent analysis 
of the Hydreduct and Hydroductor program could be mace by an "impartial «..roup»" 
Reference (j) summarises the results of our discussions with SOL and Dr« Hertsfeld 
of Catholic University concerning our desire to make an impartial analysie of 
the Hydroduct and Hydroducter Pro*..ram« Later on other \ roaps, including the 
Dnivarsity of Utah and Armour 'research Foundation were contacted to learn 
whether thev were interested in this sort of program« As a result, £r»  A. L« nritier 
of Armour Research submitted a proposal In which he essentially outlined a method 



for Hie analyeie of the rydroduct «nd Hydroductor Missiles,    r.eference (k) 
which «Aß prepared in support of the Armour proposal, outllnec our difficulty 
of arousing the interest of potential contractors to de this analytical work 
am' pointed out   hat the Armour appxx>ach was acceptable»   This reference alao 
celineatec the excessive cost of the Hydreduci and Hytsroductor pro^rana which 
had produced nothing,  but hac coet over 11,300,000 as of November l?^.    In 
addition this aeaiorancfcn recoamemled we unoertafce the study vi.th Dr. Hltiera' 
r,roup at Armour Research Foundation in  the hope  that we would obtain useful 
information which «dLfftt   direct our future efforts in the underwater rocket 
field. 

8«    Negotiations with the Amour Research Foundation aix Uieir representatives 
resulted in Contract Nonr-23^9(00) under which they were authorised to be&in 
work on 15 August 1S\7 in accordance with reference (1) which is Annex "A* of 
the Contract«    in the meantime,  tide *;ranch forwarded to Armour copies of all 
reports which had been received from Aerojet under contracts N6ori~10, !4onr- 
1863(00), anc *lonr-10C2(00),  that is those reports which were pertinent to the 
Hydroduct and Hycroductor research and development pro^.rsB«    Dr. Litter and 
his group in re\*iewim   these reports found that there were other reports 
mentioned which were also pertinent  to the project.    The Chicago Branch Office 
was requester to obtain  these from the several sources and furnish them to 
Armour on an indefinite loan basis*    In the meantime, Br. Ritter »n6 one of his 
representatives cams to «-'ashington to discuss a number of technical problems 
and presentee a list of   .e^ehrdcsl questions which he would like to have answered 
by .aerojet«    Since Mr. S. W. horoff of Coce h29 was    oin£ to visit Aerojet,  the 
list of detail technical questions >J?*S taken up with him for a discussion with 
Mr» C • A. Gongwer of Aerojet.    Mr.  foroff, upon his return from aerojet prepares 
a letter to Dr.    itter,  dated 10 Januai-y 1958 in which he set forth the answers 
lie had obtained as a result of hie discussion with Mr. Gongwer of Aerojet. 
These answers which are contained in reference (m) were rot conclusive and both 
T'*r. Ritter- and trie writer had a feeling that otrier test data aa well as infor- 
mation considered propietary hv Aerojet, (or not officially transmitted to the 
Office of Kaval Research) was beinr withheld,    in view of this situation and 
since we were dealir.j; with basic en* ineeriru. principles,  further effort to 
obtain test data or other information from Aerojet was not pressed,    the anal.sis 
was continued on a theoretics! basis ueinj.  all bora-fide test and other data 
which fuse beer, presented in report form to the Office of «aval Research. 

9.    In earl    April of 19;^, we were advised that the preliminary craft of the 
Armour H;^drochic t and Hycroductor report was ready for review.    Accordingly, 
:lr. R. tfindak of the Chicago French Office and the writer met with trie Armour 
Research . roup in Chicago on April 22 through 2h» 1958.    The purpose of this 
raeeiinr was to go over tl* draft of  tiie report with Dr. Hitter «no his ^xoup, 
consisting of Messrs. D. S. hacker,  Paul Lieberman, and several others who were 
called in for specific items contained in the report.    As a result of this 
seating,  a lar;e number of collections, both typographical and technical weis 
uncovered,    in particular, the conclusion portion of the draft required 
retriaion both »a to scope and content since  they were too brief to "stand 
on their own feet."    In addition,  the conclusion did rot  clearly delineate the 
real differences between the Hycroctuct and Hydroductor types of missile.    Some 



of the typographical error» both in text and on the graph« in none instances 
distorted the entire neaninj and were «at variance with the conclusions« Aa a 
result of their review reported in reference (n)all of tit« üTOUp fully agreed 
that a comprehensive review and correction period was necessary to insure a 
factually correct report» Actually the Amour i roup not only agreed to under- 
take the review and lake necessary corrections, but also indicated they would 
Include any other item which further stagy revealed as pertinent to the revised 
draft« Ths question of further reviewing the revised draft was aleo discussec 
but since there had been no disagreement as to the rmeö or type of corrections 
required, it wae suggested that the Armour group make all the necessary corrections 
tmd  revisions without further review on our part« It was agreed thai after 
a thorough review within their own organisation, the report could be released» 
The Armour group proceeded on this basis and in late May, 1958 released for 
distribution reference (o), which is ARF report 811*3, dated May, 1958, entitled 
"Evaluation of an Underwater Rocket0 (COLT)» 

10. A copy of ARF Report D1U3 dated Hay 3°58 hed been transmitted to iir« ft« Mindak 
at the Chicago branch Office in accordance with the distribution list- and he 
called me on the phone to aiiviee that from his firal reading It appeared the 
report had. been distributed without proper corrections end that Armour was 
preparing a lengthy "sm*,?*  sheet" which they were going to distribute in an 
attest to clear up the errors« Subsequently, Mr» tfindak followed up this 
telephone conversation with a memorandum reference (P) in which he delineated 
seme of the more fie: rent errors which had not been pointed out in our discussions. 
A copy of this report had also transmitted to Aerojet by Code 1*29 which was 
contrary io our agreement since we had set aside two copies of the report for 
their official review and eowaent« This turned out to be a serious error since 
Armour had not revised the draft before issuing the Final Report» On this basis 
Aero^et's unfavorable reaction, as outlined in reference (q) are not on fina 
ground« We contacted Armour and requested they recall all copies of the report 
and also asked Code h.29  to do likewise with Aerojet» In reference (r) Cods* «29 
asked Aerojet to discount the Armour Report end return their copy to ONh« Their 
cop of the report was returned but not until they hat reviewed the unconnected 
report which was 'heir basis for preparing reference (q) and a^ain raising 
their general objections to our havin. Armour do the analysis independently« 

11« Otvlousi; the issuance of an uncorrected "Final Report" had createc an 
unsavory situation and placed us in a position for all aorts of criticism« 
During conversations with Dr« Hitter of Armour he was askeci to brin*. a copy of 
the errata sheet they had prepared into our Office for discussion» Aa s result 
of his visit to this Office and discussions, we opposed "the errata sheet 
method* of correcting a poorly unrevised» snd uncorrected report« Dr« Hitter 
was very disturbed by what had happened Bncl asked for time to discuss the 
entire situation with the Amour Research Foundation management of hia group, 
namely Dr« Vincent Gushing« On 21» July 1958, Dr« Cashing visited this Office 
snd suggested we arrange a telephone conference with Dr« Ritter in Chicago snd 
Dr« Cashing and the writer in this Office« This discussion outlined in reference 
(s) resulted in Dr» Cushint deciding that the final report dated Hay 195ö «s 
prvpsruc was in poor taste, had not been properly edited or corrected and should 
not have been reproduced and distributed» He directed Br« hitter to take ths 
necesssrv action to prepare a new fixial report in correct form arc context end 
re—issue to the holders of the original docuaent« 95 new report dated September 
1956» reference (t) vat subsequent! compiled and distributed with the request 



that the previous copv  da tec Hay 19Sfc be returned to Armour or destroyed 
in accordance with existint   regulation. 

12«     ,Wo copies of the September 1958 Araour Report were also transmitted to 
Aerojet by reference (u) with Ute request that they submit their comments to 
this Office for review and distribution by till» Branch to holders of the 
Armour September 1958 Final Report«    The fact that we had &one ahead with an 
independent  analysis cf Aerojet*s Hytiroduct and Hydroductor program and had 
issued a Final Report that indicated b>sic difficulties in their vehicle deaifn 
resulted in Hr« C# ^nywerfs preparation of reference (v)*    in fact their 
review of the corrected report dated September 1958 as contained in refer-once 
(v) is an elaborate attempt to defend their Hydrodact and. Hydroductor Program« 
In this report Mr«   on wer alludes to "other experimental evidence* contained 
in recant reports which had not been avsliable to Armour.    Tide rather pointed 
statement was checked and found generally incorrect as all reports found 
available under the contracts had been sent to Amour officially«    In addition» 
;1r. loroff of Cod© h29 had visited Aerojet and obtained specific information 
desired by "Or* Ritter which he had transmitted to Armour by reference (»}• 
Consequently, -fr«   ^wr's feeliny that «a did not attempt to secure all dala 
is fundamentally incorrect«    If data was missed it was because it had not. been 
included in the contract reports by Aerojet or was insufficient statistically 
to be of real value to Armour,    An example of this latter situation is contained 
in reference (w) which indicates that many of the reports furnished by Aerojet 
contain little if m<   "substance".    The fact that we cud not request Aerojet 
to sit in on  the Armour Study or review their work was that we wanted an 
independent analysis on a non-interference and non-sales basis« 

13»    The writer is cognisant  thai, while the Amour Report of September 1958 
is not 3 perfect document it attempts to delineate the basic technical 'deficiencies 
of the Bydroduct - Hydroductor program and that in so doing it "stirred up* 
political implications*    The writer wee also disappointed when Aerojet submitted 
reference (v) containing   their comments on the Armour Report of September 1958 
to the entire distribution list without advising us of this action»    As a 
consequence in reference (x) we requested tliat Araour review Aerojet Report i;o* 
15v6 and submit  their comments for our review«    Pent in*   receipt of their comments 
trie followinf   is a summary of my revie« of Aerojet report Ho* 15 >6 which 
essentially restates their belief in the Hydrodact anc Hydroductor Program* 
However, their report does not rscr.tion sny of the following recognised deficiencies 
or adverse factors In their pro^rnn nor delineate how the;   can be corrected? 

(a) Lack of a fist or identical  trajectory except at short ranges 
(estimated ?yö yards or less). 

(b) resign factors preventing an Increase of flat or  identical 
trajectorv to   OC to 1000 yards» 

(c) ractdcal deficiencies of the present devices for use in e 
weapon system having a rente beyond 2#) yards (assuming that 
adequate detection and fire control equipment is available). 

id) Logistic disaevantaje of "flock shooting" of the Hydroductor 
tjqps .missile fronj a submarine* a surface ship tmu fixed 
installations« 



• 

(e) Luck of "depth ineeneitiviiv8 so that either the liydrodact 
or Hydroduetor coulc be fired at various oepUis and yet 
retain a flat or identical trajectory« 

(f) tfeana for controlling the trajectory for various depths from 
100 feet up to 1000 feet* 

(g) leans for overcoming adverse effect of buoyancy at short 
range 2 0 yards and at Ion* ranges 300 to 1000 yards. 

(h) Fundamental reasoning behind elimination of cepth control 
when obviousl it is needed if ranees in sxceaa of 25Ö yards 
are required to kill the target« ("Except for "flock shootin*" 
froet a flared underwater installation where ranges up to 1000 
yards against a surface target night be considered in spite of 
logistic problems1'• However, under these conditions we should 
compare the Tiyx;roduct - Hyriroductor system against a mine field 
for effectiveness). 

(i) Fundamental reasoning behind elimination of asircuth control when 
obviously Use target is aovlng with respect to the ntisclle 
launcher or carrying ship ?*nd some azimuth control is needed, 
except for "flock shooting0 at short range« (Experience has 
shown that "lead an^le" and wcead ti e" era important items when 
firing against high speed targets« On this basis the high speed 
(100 knots) of the Hydrocuctor cannot be fully compensating and 
some sort of control or homin, seems ne&ü&ä particularly at 
ranges of over 250 yards or when target is capable of evading)« 

1U« In granary it ia clear that during Ute first part of the program we could 
have easily verified the deficiencies of the Hydroduct and Hyarouictox pro* ran 
at a very low cost had such an approach been approved« In addition the 
cancellation of the 500 yard range requirement in the "Original Operational 
Requirement** by Clio could have beer used to recast the work seine don« by 
Aerojet, at least we coulc h^ve saved a lar; e part of trie manpower and funos 
put into a pro ram which wcl  so litrle in its favor with respect to its 
Development as a weapon for inclusion into a worthwhile weapon system« 

Ü. £• UU..HS, J:v 
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i\R 23ö-öu2/3-Iu-U9 Restricted 
N6onr-2Ub2li March 28, 19l9 
California Institute of Technology 

I.    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, 19149» 

By letter dated March 3,  19U9, Miss A.  H. Walter, Contract Administrator 
for the California Institute of Technology,  advised the los Angeles Branch of the 
Office of Naval Research that the program would be undertaken under the direction 
of Dr. Robert T. Knapp of the Institute staff covering a one year period at a total 
estimated cost of  $30,000.00.    Kiss Walter further advised that an alternate budget 
for a one year period in the amount of $1*5,000.00 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 
propulsion* 

-*•    Description of the Work 

TJnder this proposed Task Order the Contractor will conduct research jn 
connection with hydromatic problems associated with underwater jet propulsion. 
The proposed research as  planned will undertake to  investigate the following: 

(a) The effect of gas jets on the stability and drag of an underwater 
missile. 

(1) The determination of the effect of the presence of the jet 
on the pressure distribution 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-liquid boundary of the jet.    Some of these 
factors are 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. 

III. Information Regarding the Contractor 

The California Institute of Technology has the necessary facilities and 
trained personnel for successfully conducting this research program.    In addition, 
the Contractor's free-surface water tunnel is well adapted 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 
^Ord-9112, will if necessary provide equipment and other available assistance for 
this program«    The Office of Naval Research is contributing approximately 2$% of 
the funds under that contract« 

IV. Analysis of Cost Estimate 

The budget for a one year period beginning April 1,  19h9 snö ending 
March 31, 19$0 is as followst 

Staff 
Research Engineer $$,1^00.00 
Research Assistant 3,600.00 
Part-time service of Hydrodynamics Laboratory 

staff ($$00 per month) (1$ of  $12,$00 per mo.) 6,000.00 
Supervision by existing supervisory staff 1,000.00 

TOTAL $16,000.00 

Overhead U0% of staff  salaries 6,U00.00 
Tbtal Staff ^22,U0C.0Ö 

Completion of high pressure air supply for jets 
and modification of existing equipment for jet 
studies 2,$00.00 

Model and instrument construction 2,$00.00 

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

Travel (Two round trips to Washington, D.  C.) 900.OC 

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 U0$ of direct salaries and wages» 
The rate will apply from April 1, 19li9 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. Facilities 

As set forth in paragraph III, hereof, in more detail, the Contractor^ 
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 should not be included in this Task Order. 

IX. 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. Ball 
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T>? Office of H&v^l Reeeoreh 
?owe r Br an eh 
Navy Department 
Washington 25?   D.  C. 

Attention?     Dr.  I«  H,   Seymour 

Subject: Cosaparative Perfcrüsarices ef Underwater Pow^-r Plants 

Enclosures*  Curve No. ^031 - Direct ^dropulse Lithiua-Flred 
Cuirve Ho, 1*03? - Puaipjet Lithiu»-Fir«d 
Curve &>, 1*033 • Hydro turbo jet Littiltfs-Fired 
Curve J*o, ^03^ - Hyd roduct Li thiuswFi red 
Curve No, Ü035 -  Aluaißisa Pet as slum-Perchlor ate Hyd rod uct 
Curve No. 1*036 - Alm&inun Potassium-Perchiorate Hydro due tor 
Curve No. u037 - Condensing Stesa Turbine  Aluminur. Potassium 

Pe re hi orate fired 
Curve No, u0 3o - Self-Contained Rocket with Conventional 

1.        In response tc  a recent verbal request by a representative of 
the Office of Naval Research,   Power Branch,   the  following analysis cf 
cosq>arative performances of underwater power pleats is  submitted. 

2T *• a Bathed cf comparison,   the power plants have b«en  applied 
to the ¥ark Uö torpedo  envelope.   It  is  &s$\mmd that  the drag;   D-   of this 
envelope is KV?,  where  K is  a constant,   .1098,   ar.d V is  $v*ted in fc«t 
per second.    Drag calculated by this formula for a velocity of 80 knots 
is 2000 poundSi    This is  aporoximately correct for  the m&tk uO envelope, 

3»        The propulsion «ystetes considered are: 

....        . .    - ano *7 1QPÄ 
a,       irsxng Hoiven Litniu» as  tne  ruei, nr 

»-   -7 TEAR l^EKvaliS 

(?)     Puapjet .       /F,En 12^EARS    j.o.M    A 
(3)    HJ d ro i urbo j e t DECLAS SIF i -u  ** * 
(li)     Hsrdroduct .^~ -in 

riOD DIR &200.MJ 
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b#    Using Aluminum and Pctaasiue-Perchiorate as the fuel« 

(1) Hydroduct 
(2) Hydrosuctor 
(3) Condensing Stean Turbine 

c.     Self-contained recket with conventional  fuels, 

g« The  fact that the Mark UO envelope will cavitaie when operated 
near the surface  at SOT»  speed less than 80 Knots has been neglected. 
Presumably the length could be increased and the diameter decreased,  keep- 
ing  the displacement  and resistance  about  the  same.     ~*iih  these  chenges 
the Kark itO envelope rould not  cavitat« until much higher  speeds were 
reached.     The envelope  cavitation limit does net invalidate  a comparison 
of the power plants,   and we  are  therefore  justified in using the  Mark iiG 
for comparative  purposes. 

S« The performances of the various power plants  are presented as 
plots of speed versus range  at different depths.     The result is  a family 
of c^rws on each chart,  each curve  showing performance  at a different 
depth«     These curves csn he  considered as contour lines on a topographic 
3jap representing a surface  inside  H cube with the  three   axes,   sr>ee4, 
range  and depth.    Wherever  it could be done readily,   curves of constant j 

hav c  bee r.  i nc1ude 6 c:.  the plots.   /3 1s de fi ned  &s • -     i «     * KJS 

♦ w« 

fuel  flow rate  and w^ is  the  free water flow rate.   .6  is a useful ptmetdr 

for   application to the Zwicky universal  thrust equations 

'-ff P -1 ♦ \A- .,  .  2 RJ *th 
,-:', 

where*     ILrr is the effective  exhaust  velocity of the  fuel -  IÄ  x  t 

Uc   is the  forward velocity 

X x    >?AU  is the  fraction of the  calorific value of the   fuel 
'  Ml 

which is converted to  useful work on the  free  streaa plus propeilsfit m*S£, 
Thi* ,j?ork  *T>™*S*   -\* p*ri of  the SdLnetic energy of the exit   jet. 

6. To  keep the charts as comparative and pertinent  as possible, 
some arbitrary  assumptions  have been mede«    This was  necessary,   since 
otherwise  a riforous and detailed design analysis and some experimental 
investigations would be  required for each installatiom« 

i.    One cf these  assumptions involves the  ■■sriimi11  cf fuel 
.v%;_..,"_•    to each power plant.     For comparative purposes the engine-like 
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power plant« were allotted 1 cubic foot of fuel ezch.    In this  category 
are the Punrjet,   the Hylropulee and  the Steam Turbine drive.    Cne cubic 
foot- (33 pound« of lithiua)  i* roughly the aiaßunt of ffcel the Mark 1*0 
toipAdö with a punp^et power plant is designed to carry and is a 
reasonable figure on which to standardise.    Because of its high density, 
Ulla volune permits carrying lldt pound« of Al   fc  KCIC^ propellant for the 
at« an plant»     The  fuel allotment  is not based on ireight because this 
factor i r  relatively unimportant  for  ths   tyre of T.iasile   bein^r  considered. 
Energy density and the  vc.-.^-  required,  rather than the weight of the  fuel, 
are  the significant itatas for underwater missile pomsr plants.     The sinnier 
j-et and rocKct power plants are allotted two cubic  feet of fuel beeaur« 
tha reduction in the asHsnt  of machinery makes about this auch more  fur-} 
spac e av ai 2 ab i e,  wf: i 1 e ma f r t a ini ng  th e  s a»e o ver - a 11 YO 1M  fo r power 
plant and expendables. 

b. The hydropulst-,  when operated with magnaliuR,  would give 
the s«r*e performance  as when fired with lithiisa,  only presumably it could 
not be adapted  to a missile of this small  size  and  is only of interest   for 
larger craft. 

c. For  «one of the engines,  range  is directly affected by 

thermal efficiency,    >? tH which la  affected by the back pressure,   Pd,   and 

hence  the depth.    The h^har the oaxisua practical reaction changer 
*• p 

pressure,  Pc,  the hljgfcer the preeaurc ratio „LS.,  and thus the efficiency 

attainable  at  depth,  will be.     It was  assumed that  strength  and pressuris- 
ing requirements will  lisdt the excess of F    over Prf to 1JÖ0 pal  so  that 

?c - Pd • 1$D0.     ThB  pn «aura  ratic  is then about  3:1  at 100C  feet. 

7.        Using the aaximm reaction pressure assumed above,   trie 

variation of    -' .   with detth  can be  computed bv th«  applicable  Ksn&las cycle th 

(2) 

roraRixa. 

1'\ 
7    - i - \      **          i 

th \ Pd ♦ i5oc / 

The value cf    / was arbitrarily taken  as 1*3»   a representative v&lue for 
m$t of iht- evrtting fiuiaa..   Equation (1; gives the following table for 

o^,    vrrsw    i  r*r. 
■ in 
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?A3i£ I 

Depth -  feet        0 $0 100 300 I^DO -    SuO i£00 

7 th «*5* •» =53 .1*7        .395 .31 .25 

V th/Vth(o)        1 .382 .K>6 .715      .600 .1*72 

rfhen the  thermal efficiency cf the hydropulM is determined considering only 
the heat in the hydrogen as  . vail able,   good  sgree-nent with in* values given 
in Table I is obtained.    Of ail  the other poirer plenty covered herein,  only 

the  self-contained rocket  approaches the values of the   7tjh £iven in Teble  I. 

The values of    ''.    /; ±^ >. \   *xv n,*   --.onirletftly accurate either,   but  see» 

suitable for comparative purposes,  in view of the other  assumptions it has 
been  necessary to make, 

6. PÜMPJ5T 

?nr  the pumpjet operated with  lithium,   the following 
calculations apply: 

iffp " r-,r. -r gp gg£2j  specnic iispuu«? 

V • velocity -  feet/second 

Thrust * KVU  pounds 

K ■ .31^5 fw V in teetc 

or    K » .1090 lor V in feet/se    nd 

W • fuel load in pounds 

A fgood experiaental performance value for the  turbine is 2.2 
,uu'jrä p#F  siiÄit ijorsepower i*our* 

effective propulsive efficiency eill be  $?>* 
UOUBKISS   OA    xitniUiu   5>#I     cniit.it   gaOi Sri^vw«    ttvVu •    5ü"iu    x«_    xS   c A^C V?M   *HSV    KUS 

Therefore,  U«e   fuel  oonmiii|illon is 2#2/.$7 *  3.^7 pounds of 
ilthiuss per thrust horsepower hour. 

The  value of 3.S?  for ever-ill econoajy is related to the product 
I      x V by the following formula: 

:DENTIAL 
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I     x V - ^^if00 « 513,000 propulaiva foot pounds       O) 
^«i      »SVUiJU    U4    11UUUH 

where 1,980,000 ia the foot pounds in a horsepower hour* and! Igp Hii 

the foot poun4t <=f propulsive «ork per pound of fuel« 

Range,  S,  times resistance or dsrs^ is equal to the propulsive work 
per pound of fuel times the pounds of fuel available,  so? 

S   X    Kw       *    T Ij   V   JE   „ 
Btp 

#T     S   -      JP   V » 

This is the range and ap—d relationship at ilia surface* ?s obtain 
rang® vs speed at any depth the surface rang« for a given ap#ed is 
multiplied by the ratio of the thermal efficiencies, at the desired depth 
and »t the surface. This ratio is obtained from Table X« A change in 
thermal efficiency directly affects the range since it directly affects 
the I  x V, or the foot pounds of propulsive work pmr  pound of fuel« 
Propulsive efficiency also affects this quantity, but it is a function only 
of the ratio of jet velocity to advance speeds and would sot vary «it« depth 
or speed  for a given design« 

Thus, by the definitions of >? znd   Y* 
' th     *p 

h# is the calorific value of the fuel 

J is the conversion factor from heat units to mechanical units 
of work 

J-l 
. p   \      ^ 

7t^  s   I - . —   i ****   varicä  vnLj with  iepih or  r^j/Pg 

—£ .,  „        and varies only with iLL. which is independent 7     -       7 »itu vsnes  wjugr   »im  —y     wnicn  l»  is soaps 

2  + H?— r cf  speed and depth for  a given design. 
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**? is tM r«itUve  j*t velocity ite the for«fd 91^ ?. 

9. 

tar «to iififc^piOi» the cam« are obtained is the MK «ay 
ia this MM, the «Rftatia value of 5,? pound« of tml per timl 

hsmr obtained at the surface. 

For the hydrot*«rboj«i the cur««* ere obtained from JU 
mental specific impulse of U*G0 sec« for surface operation end are adjusted 
by the same depth la« as before.    Hie value of 7     is corrected for 

P 
in this case since üV/V is not independent of speed as before* 

11.        HTPBOWHT 

For the hydroduct the value of Pc - P^ it sejt equal to the ram 

pressure. Therefore, the pressure s^m&m» and hence 1^, is adjusted for 

depth and speed by this consideration. /?p is also adjusted for speed. The 

curves are based on an experimental specific impulse of 1200 sec. for sur- 
face operation. The alusinus setassig» perchlgmate propellent gives con- 
siderably greater range than lithium because of its freater energy density. 

12.     wnrnmctm 

For the hydroductor each point of speed and depth is computed 
separately,    Since no experimental performance figures «are available, the 
calculated ranges «ere multiplied by <.&*$ to allow a typical reduction fro« 
theory to practice« 

■- 

13. COfrDEKSIWG STEAM TUi^IliE 

For the condensing steam plant neither   17^ nor   ^    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 to this propulsion 
system because its successful operation is based on a process Just being 
developed.    This is the burning of the aluminum plus pc t ass ium- per chlorate 
propellent in leng Wains  through  ühe raiäl block of U«? tWwi boiler.     Tnm 
capacity of the cond&nmT and feeiler sm-fsm is so restricted as to lisit 
the speeds Attainable «ith this system to 2*0 knots. 

*m*        ggf-COETABIgP EXIST 

For the self-contained rocket power plant,  the allowable chamber 
pressure was assumed to  follow the same  law as for  the hydrofraise and purapjet. 

"v i » rn» j rvtrxrr rat 
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Xa this ess«, however,  the ran**? varies  as the square root of   */^a  instead 
of as the first power of  V+H as it does for ths Gth«*r typ#s prswljsasly 
discussed.     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 Proliant flow rate.     An 1^ of 2QÖ sec. was 

assessed for surface operation of rocket notors*    The propulsive offteiency 
of rocket driven vehicles is proportional to forward velocity in the spaed 
range covered by this analysis, 

AEROJET EüßlNEERItiÖ CORPORATION 

JSWiCAGiee 

DOWNGRADED   AT  3-YEAR   INTERVALS 

DECLASSxFiLD A*13!?v 12 YEARS 

DOD DU! 5£00.10 
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SEC03JD EKDORSBMMT on Aerojet Eng Corp Conf ltr Ftf-2193:bk of 25 June 1952 

From;    Director, Office of ITaval Research Branch Office,  Pasadena. 
To: Chief of llaval He search (Cede hS.J) 

Subj:    Proposal for Bange Testing Hydroduct and Hydroductor Test Vehicles 

1. Forwarded. 

2. It is understood that overtime premium to accommodate the Aerojet Hh- 
hour standard work week is placed in the item of "overhead". 

3. It is recommended that favorable consideration "be given the. support of 
the work proposed in the basic letter. However, in view of the large ex- 
pense connected with the preparation and instrumentation of a test range 
at the ITaval Ordnance Test Station Morris V&K  facility and the firings 
conducted thereafter, it is suggested that every effort "be made to obtain 
the cooperation of the Bureau of Ordnance in the support of this portion of 
the program, particularly since the test facilities will probably remain 
at Morris Dam and will be useful on ether Bureau of Ordnance projects. 

Wm. A. RICE 
By direction 
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FIRST ENDORSEMENT on Aerojet Eng. Corp.  Conf ltr FviK2193:Dk of 25 June 52 

From:    Bureau of Aeronautics Representative,  F&sadena 
Tot        Chief of Naval Research 

Attni    Code 463 
CDR F. 2.  Tucker 

Via:      Commanding Officer 
Office of Naval Research 
Pasadena, California 

Sobj:    Proposal for Range Testing Hydroduct and Ey&roduetor Test Vehicles 

i♦    Forwardedt 
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PW-2193 :bk 

June 25, 1952 

To: 

Via: 

Subject: 

Office of Naval Research 
Department of the Navy- 
Washington 25, D, C, 

Attn: Code 463 
Commander F. B. Tucker 

(1) Bureau of Aeronautics Representative 
15 South Raymond Avenue 
Pasadena 1, California 

(2) Office of Naval Research 
Pasadena Branch Office 
1030 East Green Street 
Pasadena, California 

Proposal for Range Testing Hydroduct and Hydroductor 
Test Vehicles 

Reference; (a) Aerojet Conf Ltr 
PW-2192 dtd 6/25/52 

1» Recent conferences in Washington, in which representatives of the Office 
of Naval Research, the Bureau of Ordnance and Aerojet participated, have re- 
sulted in formulation of a tentative program for development of the hydroduct 
and hydroductor power plants, and range testing of the articles developed. 
Accordingly, Aerojet is pleased to submit its proposal for the desired range 
testing, 

2, It is generally understood that the hydroduct and hydroductor are primarily 
propulsion systems, however, the nature of these systems is such that the design 
of the test vehicle must consider both interior and exterior ballistic require- 
ments in relation to the motor design for proper performance of the complete 
unit. Aerojet has developed and fired successful motors of this type, which ran 
with outstanding propulsive performance« 

DOWKüRADiL:; :.•,:: ^v ALS 
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CNR FW-2193:bk J 

June 25, 1952 

C« 1« Range firing of the free-running Alclo hydroduct test motor in 
the Morris Dam Torpedo Range - As many as 75 to 100 firings of the test 
motor are planned for the coming year. These rounds will be fired to de- 
termine velocity, range, trajectory, dispersion and other ballistic character- 
istics of the test motor» 

2. Analysis and presentation of the statistical data obtained from 
the Range Firing Program« 

6» It is proposed that the range testing program outlined herein be conducted 
on a term type cost-plus-fixed-fee procurement. It is suggested that the work 
be performed under a new contract or by Amendment to Contract N6ori~10. The 
estimated costs for the twelve (12) month period are broken down below. 

Direct Labor 

Engineering 11,850 hrs @ $3.21 
Other      35,4-70 hrs @ 2.23 

Direct Labor Overhead 113^ 

Material 

Range Firings at Morris Dam 

Administrative Expense  6% 

$38,038.00 
79,098.00 

Fixed Fee 1C$ 

Total 

$117,136.00 

132,363*00 

30,000.00 

200,000.00 

28,769.00 

$508,268.00 

50,826.00 

$559,094.00 

lm    Labor rates used in this proposal are weighted averages for the groups of 
personnel anticipated to be concerned with performance of the program of work 
outlined. Overhead rates are based upon Aerojetfs recent accounting experience. 
This proposal assumes that work will be performed on the basis of Aerojetfs 
extended work week in effect at that time. Currently Aerojetfs standard work 
week is forty-four (44.) hours* 

8. Should the government find this proposal acceptable but be unable to 
formalize action thereon within thirty (3ö) days from this date, it is re« 
spectfully requested that Aerojet Engineering Corporation be permitted to 
review it for currency and applicability at that time» 

-3- 
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3» In furtherance of the recent conferences, it was decided to divide the 
hydroduct program into three phases which would be delineated in separate 
proposals from Aerojet to the Navy Department» Phase I is to comprise the 
continuation of the basic development of the power plants and the propellant^ 
and is being proposed to the Office of Naval Research, Power Branch, Code 4§c 
reference (a). Phase II is to involve range testing of the experimental 
motors and programs closely associated therewith« This phase is for the 
Office of Naval Research, Armament Branch and is the subject of this proposal« 
This proposal is broken down into subdivisions such that the support can be 
supplied jointly by the Office of Naval Research and the Bureau of Ordnance, 
if desired. Phase III is for a prototype hydroduct program of approximately 
two years * duration» This phase is for the Bureau of Ordnance, and involves 
press works construction for propellent manufacture and prototype motor pro« 
duction and tooling for the delivery of approximately 100 hydroducts for proof 
testing and 500 hydroducts for service evaluation. 

Um    The three phases together make up an integrated program which will bring 
about the delivery of hydroducts to the Navy in the most efficient and 
economical manner. In the course of development when the hydroductor becomes 
a reality, it will be added to the hydroduct in the succeeding programs of 
the three phases» 

5. Phase II, which is the subject of this proposal, is for the fabrication 
and range testing of the hydroduct motor» This program will take the follow- 
ing course, for a period of twelve (12) months: 

A. 1. Design a series of hydroduct test motors to conform with the 
results of the interior and exterior ballistic developments of Phase I, refer- 
ence (a)# Designs will be changed or modified as development of better motor 
performance or improved grain formulation progresses» 

2. Design a free-running Alclc hydroductor test motor when the 
development of the interior and exterior configurations of the jet condenser 
section have progressed to a satisfactory point. 

3. Fabricate the required number of test motors to adequately 
prove each new development in the design» At the present time, it is felt 
that recovery of the test motors will be feasible. Therefore, a complete 
series of tests can be made on each model without fabricating a great number 
of units as each one can be reloaded and fired again* 

B. 1. Preparation and instrumentation of the Torpedo Range &fc the Morris 
Dam Test Facility of the Naval Ordnance Test Station - During the month of 
June 1952, two firings of the free-running 4.5-inch Alclo hydroduct are con- 
templated to check out the instrumentation presently available on the Torpedo 
Range» It is felt that the type of instrumentation used on these two tests 
will be adequate for the subsequent test program but that some modifications 
and also normal repairs will be needed during the program. 
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ONR PW-a93Jbk 
June 25, 1952 

9» Should the Office of Naval Research desire further information concerning 
this proposal Aerojet will be pleased to provide it upon request* 

AEROJET ENGINEERING CCRPCRATICN 

W. EC/Zisch- ^Q 

General Manager 
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STANDARD FORM NO. 64 ('S) 
Wrandufn   •    UNITED STATES GOVERNMENT 

TO :     File     NR23toOl* DATE:      $   All*   1953 

FROM   C. E. Burns £//' 

SUBJECT: Range Testing of "AlcloM B^droduct and Bydroductor - Comments Concerning 

1. Aero jet's proposal of 25 June 1952 to fabricate and range test the Hydro- 
duct test vehicle is an outgrowth of their earlier efforts in 19^9 to initiate 
a development program in underwater propulsion. At that time, development was 
not undertaken in view of the Hydrodynamic Program at C.I.T. which was Just 
starting. Since then, the C.I.T. program has produced little basic information 
of a reliable nature and this coupled with the development mindedness of our 
organization makes this project some-what of a likely bet (even though debatable). 

2. Unfortunately, the initial cost of $317,000 of Armament Branch funds plus 
$200,000 of hoped for BuOrd funds does not feeze us since a weapon is needed 
and who knows but this is it. If some of the basic questions set up for C.I.T. 
to answer had been answered we would be in a much stronger position. To merely 
hope to improve on the unguided rocket work of the Germans and HOT's without 
developing basic information can result in a costly O.S.R.D. type of development 
for which we are not prepared financially or technically. Since it is not my 
responsibility, I can only hope to get as much for our money as possible, and let 
the chips fall where they may. 

3. For the record, it is desired to point out that the Bydroduct as an under- 
water propulsion device driving an unguided rocket like body is deficient as 
follows: 

(a) Difficulty of controlling velocity in water to insure the proper generation 
of steam, i.e. burning of propellant, delivery of water (coefficients of 
discharge). 

(b) Lack of detail knowledge of effect of Jets (condensing and/or noncondensing) 
on rocket like body. 

(c) Effect of condensing and/or noncondensing rates of gases on velocity. 
(d) Effect of Yaw on frontal orifice and internal orifice water discharge. 
(e) Method of establishing hydrodynamic configuration for both bydroduct and 

HEydroductor. 
(f) Effect of Yaw on trajectory. 
ig) Basic data upon which to design the Jet condenser end of Bydroductor. 
h) Probable launching and running velocity limits, 
(i) Effect of water depth on launching depth limits (i.e.) depth insensitivity. 
(J) Effect of external and internal finishes on reproducibility of performance. 

k,    I plan to discuss at a later date as I may be unduly pessimistic. 
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^ STANDARD FORM NO. 64 ( «•<£ ) 

0//ZCl$t!M •   UNITED STATES GOVERNMENT 
coiiSilÄÄ m 234-004        ) 1 
T0   •*  File (NR 234-004) DATE: 10 November 1^53 . 

FROM :  LT H. Buckneil, USN 

SUBJECT:  Visit to Aerojet-General Corporation Facility at Azusa, California, 
period 26 October thru 30 October Regarding Contract Nonr 1002(00) - 
Hydroduct 

1. Visits were made to the Azusa plant during subject period. The following is 
reported: 

a. Launcher design is proceeding rapidly and shows every prospect of success, 
A method has been evolved for ensuring additional stability of the missile in the 
launcher barrel. 

b. A test stand is partially completed for the plant testing of the launcher. 

c. It was stated that hydroductor firings can be expected to proceed upon the 
opening of the Morris Dam Hange. 

2. As instructed, the Company was informed of the following points: 

a. Their new proposal had been afforded scientific approval by Code 4&3. 

b. 150 primers H13-2 had been ordered for modification by BuOrd.  Aerojet 
was requested to contact Seal Beach as to the details of modification. 

c. It was desired that further reports be classified no higher than "CONFIDENTIAL" 
unless containing information as to operational characteristics or ballistic test 
results. Monthly reports were to be eliminated upon receipt of the new contract so 
stating (Note: ONR Pasadena questions the wisdom of this) — reports then to be made 
as necessary only. 

d. It was desired that a range test program be forwarded to Code 463 as soon 
as possible. 

e. The §85,000 in BuOrd funds remaining at N0TS was to be used up by 30 June 
3954. (Note: 0NR Pasadena questioned the wisdom of this statement.) 

f. The priority of work at the N0TS range was to be: x- . 

(1) Hydroductor firings to evolve a reproducible pattern /?&*   ^ ^ ^/JM-W 

(2) Launcher tests if work progresses rapidly enough     /AAA$*'H *'*' 'U      n 

(3) Hydroduct firings 

DOWNGRADED AJ 3-Y2AR r.i.SRVALS 
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IrlBmlnlA ■ I'»* 0NR:463:HB:jm 
"MATICN NR 234-004 

10 November 1953 

Sub.i: Visit to Aerojet-General Corporation Facility at Azusa, California, 
period 26 October thru 30 October Regarding Contract Nonr 1002(00) - 
Hydroduct 

(Kote: Concerning hydroduct firings, ONR Pasadena expressed the 
opinion that Aerojet might unnecessarily fire hydroducts and informed me that 
the mention of possible hydroduct firings was in direct contrast to Mr, Wiesner's 
instructions to Aerojet in which he stated positively that no further considera- 
tion of the 4".5 hydroduct was desired by ONR this should be clarified.) 

g. The major decisions resulting from the BuOrd, CNO, ONR hydroduct meeting. 

h. A letter was desired describing the possibilities of utilizing the KOTS 
press for the pilot manufacture of large ALCO grains. (Note: ONR Pasadena was 
requested to check on this also with NOTS.) 

i. A letter was desired describing the reasons for using the M-6 propellant. 

j. Early information was desired by Code 463 if launcher work progressed 
rapidly to permit a reasonable expansion of the program provided significant 
gains could be achieved over those alreadv contracted, for.        ./w' 

^-_I    "y*■ - ■■^--/.^i^&& 
k# It was desired that further "selling" of the hydroduct as a weapon be held 

in abeyance pending completion of various analyses. 

3. The Company requested: 

a. That they be informed informally as to whether the Navy was interested in 
hydroduct as a weapon per se or actually only in hydroductor (ie. for which is 
San Clemente Range intended?) 

b. The memo formerly prepared for transmittal to NCL regarding the burning 
rates of oropellants, etc. be forwarded to NCL as previously requested. 

c. Code 463 be informed that regarding launcher design: 

(1) The gas generator was the critical item. 

(2) 20 or 30 burning tests have been completed on the M-6 propellant. 

d. There may be prospect of reducing, or perhaps eliminating, the fall of   , 
hydroduct trajectory by the design of a "neutrally buoyant missile". *fä-?'-'-''#&**'' 

e. There may be prospect of utilizing shaped charges underwater for hydroduct 
(in contrast to DuPoni tests). This is based on recent NOTS tests. 

.r(.,t.;;j •...-:. 13 iU&S H. BUCKNELL 
Lieutenant, USN 

DQD EiR 5200.10     ..  Armament Branch 

Copy wo: 
LCDR Killingsworth, ONR/Pas fiflJiÜi&'W 11 ML 



DEPARTMENT OF THE NAVY lü/J* 4* ' 
BUREAU OF ORDNANCE 

WASHINGTON 25, D. C. 1N REPLY REFER TO 

tf ' BeP3-GBP:emc 
ui/c 'JfU 
Ser 

CONFIDENTIAL 
From: Chief, Bureau of Ordnance 

To:   Director of Haval Intelligence 3 0 9 9 % 
Chief of Naval Operations 
Op 922F2, Pentagon 
Washington 25, D. C. j,, p >niz& 
(Attn: E. R. Shute) ^Glflöfc 

bubj: iieport on Hydroduct Program; forwarding of 

End: (l) Re3-d-GBP:bc rpt. of 27 Dec 1955 "Hydroduct Program, Status of 
and Summary of Reports for 

1. In response to your telephone request of 5 November, 1956", there are 
forwarded herewith some informal notes (encl. (l)). These notes were 
prepared in December, 1955 for personal use in connection with the Bureau 
of Ordnance work, and are somewhat sketchy, if detailed and up-to-date 
information is needed, it is suggested that the cognizant personnel in 
the Office of Naval Research be contacted. 

Copy to: ^h^^SE ^i^eotloa, 
OKR (Armament Branch) ^Ji^^>"» -■ 
OKR (Power Branch) 
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Re3-d-GBP:bc 

27 Dec 1955 

- CONFIDENTIAL 

Subjs Hydroduct Program, Status of and Summary of Reports for 

Ref:  (a) NOTS confi ltr P8084/MVRshh, X25/L10 Ser 0851 of 14 Dec 1955 
to ONR (Code 463) - "Aerojet General Corporation, Hydroductor 
Test Program",, 

(b)  Confi» ltr of 22 Jan 1954 from Lt. Robert E. May to CNO - "The 
Use of Rocket Type Ü/W Missiles by Small Escort Vessels as a 
Primary ASW Weapon» (BUORD Serial 020454 0461) 

End?  (1) Summary of technical reports under Contract N6ori-10 
(2) Summary of technical reports under Contract Nonr-1002(00) 
(3) Notes on Hydroduct Program (typed 10/28/55) 

1. The vapor-jet hydroduct is an underwater propulsion device in which free 
water flowing through a submerged duct, either reacts with a hydro-fuel to 
generate steam or is converted to steam by the heat of reaction of a solid 
propeilanto Thrust is produced by the expansion of the steam to ambient 
pressure0 An initial forward velocity of the hydroduct is necessary for 
building up ram pressure before self»operation can be obtained. Development 
work was done using both lithium and Alelo propeilant as hydrofuels* 

2o Aerojet uses the term "vapor-jet" in contradistinction to hydroducts de- 
signer* to operate on the expansion of a bubbly mixture of gas and water 
(as in CIT report by R, Go Anderson9  G« W, Rush» and TB R, McClellanP 
Development of a Hydroduct dated 1947}■ The compressibility effects in a 
gas-water mixture do not permit the development of high jet velo^itie?~that 
can be obtained with a vapor jet« 

3o The Hydroduct was evolved by Aerojet under contract Noori-=100 This contract 
was formerly under 0RI and later under the ONR« Power Branche  Under the contract 
research, development and testing have been done on the following projects A—L? 

Ao Direct Hydropulse 
Bo Gaseous and Inverted Hydropulse 

aQ Gasoline - air  ) 
bo Compressed air  )     Gaseous hydropulses 
c0 Steam ) 
du    Nitromethane ) 
ec    Water-reactive fuel  (Inverted hydropulse) 

Co    Hydroturbojet 
Do    Chemical work 

DOWNGRADED  AT   3-YEAH   INTERVALS 
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CONFIDENTIAL 

E. Reaction Experiments with Lithium-Water Systems 
F. The 80-fto rotating boom 

„5^ G. The Hydroduct (includes Lithium fueled Hydroduct, Alclo fueled 
Hydroduct, and Kydroductor) 

He Fuels for u/W Propulsion (includes subprojects on Alclo, Lithium, 
Instantaneous melting of Lithium, and Alclo grain preparation for the 
Hydroduct or,,) 

I. The Alclo-Fueled Submarine Power Plant 
J0 Verticfil Steam Generator Mk III 

-— K.  Solid-Propellant Gas-Turbine Torpedo Power plant 
-—„ L. High-Speed, Long Range Torpedo Design Study 

The orly projects now being worked on are G, K, and L. The other projects 
have cither been completed, transferred to a development Bureau, or discon- 
tinue»^ A summary of Aerojet»s technical reports under N6ori-10 is given by 
enclosure (l)c 

4. Free-flight range testing of the hydroduct and hydroductor and the de- 
velopment of a recoilless gun launcher have been carried out under the 
Armament Branch of ONR, Contract Nonr-1002(00). A summary of the technical 
reports under this contract is presented in enclosure (2). A fairly large 
number of free-flight launchings of hydroduct has been carried out, but only 
about six hydroductor launchings have been madec  Services to Aerojet for 
the range testing have been provided by NOTS. BUORD has supplied financial 
assistance for the range firings«, NOTS has prepared the following report on 
the hydroduct firingss 

"U/W Performance of the 4„5-Inch Alclo Hydroduct Test Missile" by 
Robert H. Hornidge - 6 June 1955 (NAVORD 3510, NOTS 1139)»  Secret. 

Abstract (Confidential);  56 free-flight U/W performance tests were con- 
ducted at the Morri s Dam Test Range of the 4«5-Inch Alclo Hydroduct U/W 
Rocket. The test missile, a scale model of the prototype, was designed and 
developed by Aerojet-General Corporation of Azusa, California. Analysis of the 
data obtained from these tests indicated that the dispersion of the test 
missile in the horizontal and vertical planes was satisfactory. The u/W rocket 
range at Morris Dam is described and the results of the test program are 
presented. 

5„ The work on the hydroduct program is tapering off and no further sponsorship 
is contemplated after FY 56. The missile and launcher are regarded as approxi- 
mately ready for placing on the shelf^or transferring to BUORD. Remaining work 
now planned consists of (a) further proof testing of the recoilless gun launcher 
(using hydroduct), (b) a few firings to test the overall performance and expected 
insensitivity to depth of the hydroductor. Ref (a) indicated that 15 hydro- 
ductor launchings are planned during the first half of 1956. 



CONFIDENTIAL 

6. Applications of the hydroduct propulsion system to weapons have been pro- 
posed by Aerojet and in reference (b). As yet no hydroduct-powered weapon has 
been found to be clearly superior to competitive arament, 

7, The Naval Ordnance Test Station report on the free-flight firings are of 
some ballistic interest in that they supply some information on the trajectories 
of slowly spinning, powered, Tj/W vehicles» The trajectory data given are 
experimental. No calculations using measured forces and equations of motion 
were made. 

BOMGRADED AI 3-YEAR RIVALS 
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ENCLOSURE (l)      POD D* «*tt 

Summary of Aerojet Technical Reports under Contract Nbori-lO 

References 

1» Aerojet Engineering Corporation Report No. R-68 - "Research and Develop- 
ment on the Hydropulse" - July 30, 2$k6  (for Jan-June 19i*6 work) - 
Contract ORI N6ori-10. 

2, Aerojet Engineering Corporation Report No. R-69 - "Research and Develop- 
ment on the Hydropulse" - 31 Dec l$k6  - (for July-Dec 19^6 work) - 
ONR Contract N6ori-10* 

3, Aerojet Engineering Corporation Report No. R-77 - "Research and Develop- 
ment on the Hydropulse" - 30 June 19V7 - (for Jan-June IQkj work) - 
ONR Contract N6ori-10. 

ko    Aerojet Engineering Corporation Report No» R-86 - "Research and Develop- 
ment on the Hydropulse" - 31 Dec 19^7 (for July-Dec 19^7 work) 
ONR Contract N6ori-10, 

5 = Aerojet Engineering Corporation Report No. R-97 - "Research, Development 
and Testing of u/w Propulsion Devices" - 3 September 19^8 (for Jan-June 
19l»8 work) - ONR Contract N6ori-10. 

6. Aerojet Engineering Corporation Report No. 357 - "Research, Development, 
and Testing of Tj/w Propulsion Devices" - lo Feb 19^9 - (for July-Dec 
!9kQ  work) - ONR Contract N6ori-10. 

7. Aerojet Engineering Corporation Report No* 387 - "Research, Development, 
and Testing of u/w Propulsion Devices" - 7 September I9U9 (for Jan-June 
191+9 work)  ONR Contract N6ori-10, 

8. Aerojet Engineering Corporation Report No* kl9 -  "Research, Development, 
and Testing of u/w Propulsion Devices" - 17 Feb 1950 - (for July-Dec 19&9 
work) - ONR Contract N6ori-10* 

9. Aerojet Engineering Corporation Report No* k6k  - "Research, Development, 
and Testing of u/w Propulsion Devices" - 31 July 1950. 

10, Aerojet Engineering Corporation Report No, U95 - "Research, Development, 
and Testing of u/W Propulsion Devices" - 12 Feb 1951 (for July-Dec 1950 
work). 

11. Aerojet Engineering Corporation Report No> 533 - "Research, Development. 
and Testing of ü/W Propulsion Devices" ^ 15 Aug 1951 (for Jan-June 1951' 
work) 

1 
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CONFIDENTIAL 

ENCLOSURE (l) Cont'd 

12. Aerojet Engineering Corporation Report No,  579 -  "Research, Development, 
and Testing of U/w Propulsion Devices'1  - J Feb  1952  -   (for July-Dec 
1951 work). 

13, Aerojet Engineering Corporation Report No. 631 - "Research, Development, 
and Testing of u/W Propulsion Devices" - 12 Aug 1952 - (for Jan-June 
1952 work)* 

Ik. Aerojet Engineering Corporation Report No, 675 - "Research, Development, 
and Testing of u/W Propulsion Devices" - 9 Feb 1953 - (for July-Dec 
1952 work) 

15, Aero jet-General Corporation Report No. 725 - "Research, Development, 
and Testing of u/w Propulsion Devices" - 5 Aug 1953 (for Jan-June 1953 
work) 

16. Aerojet«General Corporation Report No* 791 - "Research, Development, 
and Testing of ü/w Propulsion Devices" - 26 Feb 195J4 (for July-Dec 1953 
work) 

17 c. Aero jet-General Corporation Report No. 859 - "Research, Development, 
and Testing of Tj/# Propulsion Devices" - 16 Aug 195*4- - (for Jan-June 
195^ ~work) 

JjB< Aerojet »General Corporation Report No* 938 - "Research, Development, 
and Testing of  u/W Propulsion Devices" - 17 Feb 1955 (for July-Dec 1954 
work) 

19. Aerojet-General Corporation Report No. 1008 - "Research, Development, 
and Testing of U/W Propulsion Devices15 - 27 Sept 1955 (for Jan-June 
1955 work) 

,,  v17fT3 INTERVALS 

eT*-im ftFiTEB 12 YEARS 
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CONFIDENTIAL 
ENCLOSURE (l) Cont'd 

Reference 1-.    Work was performed a© follovs ; .. ,. 

A« Direct Hydropulse.  (Definition: The direct hydropulse is an ü/V pro- 
pulsive device in which water reactive, gas producing chemicals are injected 
intermittently into the water within a submerged duct equipped vith mechanical 
valves at the forward end)* Work was continued using liquid NaKg a3 fuel* 
The unit "being tested consists of two alternate = firing k-in. diameter straight 
pipe barrels with entrance valves and injectors. A slant faced reed type 
entrance valve resulting in improved streamlining of the front of the unit 
has been developed* Several different types of injectors were tried. As a 
result of the work the speed with which the hydropulse drove the rotating boom 
was increased from 10 kts to 20*3 kts during this report period* Specific 
impulse was low compared with surface ship engine-propellor combinations. 

B« Gaseous and Inverted HydropulBes* These hydropulses use high temperature 
high pressure gases from an external reaction chamber» The gas from the chamber 
enters a water-filled duct and discharges water from the tail of the duct* The 
duct for this work was k  in« diameter straight pipe* The interior of the duct 
%&  eupplied with water by valves in the nose of the duct* Gases being tried 

ire obtained from - 

a. gasoline-air 
b, compressed air 
c * steam 
d« nitromethane 
e» water-reactive fuel 

The water-reactive fuel "being tried is KaKp> When a water reactive fuel is used 
^he unit is called an inverted hydropulse-, 

Units corresponding to a-~e have been fabricated but few tests have been 
made as yet• 

C. Analysis of the Hydroturbojet Cycle.  In the hydroturbojet a turbine 
drives a water pump and a propellant pump which raise the pressure of the water 
and propellant to reaction chamber pressure. Chemical reaction then takes place 
in a reaction chamber from which most of the gas flows to a nozzle expansion to 
produce thrust and the remainder of the gas flows to the turbine, 

The specific impulse of the hydroturbojet is computed for the case where 
all exhaust products are in the gas or vapor states.  (Cases where water is 
contained in the exhaust product were not computed due to lack of necessary 
information on two phase systems -.) 
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Reference 2« 

A» Direct Hydropulae^ Peak chamber pressures have been increased and the 
unit has driven the boom et speeds of 27 kts* Work was done to replace the 
relatively weak alloy KaK^* Molten lithium Indicates that it will be a power£?ü, 
prope Hant« 

^a Gaseous and_Jtoye^g_d_gy<^tQpuJ^ie8. 

a i, The gasoline air hydropulse has been considerably improved* Thrust 
has reached 50 lbs. 

b« Intermittent valving of cold compressedair worked well«, 

c« The ste_affl_hy-dropiilBe was found to be inoperative because the steam 
condensed immediately upon admission to water» 

a,-. The nitromethane hydropulse does not work well due to burniixgbtf 
seals and sticking of metal parts, 

e° ^^y^^ted Bydropulse &    Plans are to try water-molten lithium instead 
of  NaXgf A reaction chamber for this purpose has been built and tested * 

Co ffydroturbojetB Computations were continued and indicate a high power 
sigh speed torpedo propulsion system of this type could be built* 

D. Chemicsl Work to develop new fuels has been authorized under the 
oc&traet and was startede Studies are being made of (a) lithium alloys 
(to) temperature dispersion^ and (c) Ethyl aluminum eesquihydride-. 

tic The hydropulse is being operated on flaKg (32«2 $ Ka and 66*Bff>  K)« 
:i,a addition of lithium is being investigated as a means of increasing the 
gas yield« Tests indicate that the melting point of the lithium - KaK2 alloy 
may be higher than that of lithium alone» The melting point of lithium is 
3äböttt as high a& it appears feasible to have in a water reactive fuel* 

b. A study of the rate of reaction of metals with water as a function of 
temperature was undertaken to determine if a critical temperature existed 
above which the rate was greatly accelerated, It was felt that if such a 
temperature did exist« metals of lighter equivalent weight than that of HaKg 
could be used« preliminary experiments indicated that above an approximate 
constant ratio of temperature of metal to melting point of metal^ a metal 
would react explosively with water» Further tests showed that proper mechanic! 
dispersion of the alloy in water could produce explosive reactions before the 
temperature ratiOj previously found, «as reached, This study lead to the idea 
of trying to eliminate the necessity that a hydropulse driven torpedo either 
carry water or pump in water for injection into the stream of fuel entering 
the reaction chamber of the hydropulse« 
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c< A test lot of ethyl aluminum sesquihydride was prepared as a possible 
fuel substitute for aluminum bGrohydride, This substitution was recommended 
in OSRD Report 620?. 

Reference 3, 

A. Further work was done on streamlining duct entrance diffusors, types of 
entrance valves, and fuel injection. Also, tests were made using two fuels 
in lieu of NaKg« Molten lithium showed good promise but ethyl aluminum 
seaquihydride did not come up to expectation, although its performance jm& 
slightly better than NaKg». 

B« 
a, A thrust of 62 lbs. was obtained, Tests are now being carried out 

in a recently completed static test pit. 

b* Discontinued. 

c ■.    Discontinued * 

dfl The nitromethane hydropulse tests were discontinued because of ihe 
great difficulty of valving the hot gas from the reaction chamber to the duct. 

e. Proper operation was not obtained and work on this unit was discon- 
tinued, 

C* Calculations were made for lithium, BUORD (under N0rd~9768) has pickgä 
up support of this work and no more computations are necessary under this con- 
tract . 

D. Sufficient ethyl aluminum sesquihydride was prepared to enable the test 
of this compound in the hydropulse. Te3ts lots of aluminum borohydride are 
being prepared« Corrosion tests were made on metals and packing materials for 
use with molten lithium* 

E* Lithium-Water Reaction Experiments -.■    Very high specific impulses have 
been obtained from this fuel> The fuel could be used for a high speed long 
range torpedo. Gas generators suitable for experimentation with lithium have 
been investigated, and one gas generator using a solid lithium cartridge and 
water injection was built and tested. 

Reference k« 

A,    Work was continued using molten lithium, but no runs were made due to 
mechanical, electrical- and thermal difficulties, 
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B* 
a. The performance was improved and the unit was used to drive at 

15 ft. skiti' at 6 kts. 
was 

3.  ^oine "work/tone under £ which may eventually "be applicable to this 
unit B 

B> Preparation of aluminum borohydride has been accomplished oto a labora- 
tory scale, 

E. A lithium-vater reaction chamber with a solid cartridge of lithium 
has "been experimented with* Development of this type chamber is in a very 
early stage. 

Work continued on continuous injection molten lithium reaction chambersv 
Tests verified theoretical values of performance„ 

*' ^_^-§2zl22L-l£^i£Ä^iLJi£^/ This boom is being built to permit the 
resting of larger and faster units than can be handled by the lfO~ft* boom« 
The boom and channel are described; An appropriation was made to construct 
fche facility after an estimate of cost was submitted to QNR. 

Reference 5« 

A... The 'bulk öf the work was directed toward the use of molten lithium as 
a fuel, Many difficulties were overcome and a speed of 26.8 kts was attained 
on the boom, 

a. A static thrust of iM lbs* was obtained, rind a skiff speed of 1 »6 kts 
was obtained, 

p  'Two fuel combinations have been prepared for testing in the gasoline- 
air nydr opu3.se. 

Factors affecting the preparation of sodium borohydride were determined 
during the study of preparation methods for the potential hydropulse fuel, 
aluminum borohydride P 

E,  Stable reaction of solid lithium and "water wa3 achieved. Gas generators 
using water reeetive solid fuels were developed in anticipation of two uses: 
a pressurized gas source for driving a turbine in an ü/W projectile such as 
a hydroturbojet and a thrust source for driving a jet-propelled missile, 

F-  Progress on construction of the facility is described. 
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^* S^S. *&.fo'°4.g!^_ ls ari u/W Propulsive device in which a hydrofuel is 
injected continuously into the water in a submerged, duct. The duct is open 
at "both ends permitting the flow of water through it. Forward velocity to 
produce ram pressure is required before operation can "begin. The hydrofuel 
being considered is molten lithium, Thermo- and hydro-dynamic calculations 
have "been marie, end  a k-ln* hydroduct design has been initiated• 

Work on the vapor-phase hydroduct was proposed in order to develop a 
simple highspeed device with e high specific impulse. Experiments at 
several institutions has indicated that operation of a hydroduct at high 
speeds with a gas-water mixture is not feasible because of compressibility 
effects in a two phase flow. 

At the point of fuel injection, the cross section of the tube is so 
designed that a stagnant region exists at nearly full ram pressure» The 
mixture ratio of 20:1 (water to lithium by weight) is such that the heat Ofu 
reaction flashes nearly all the water to steam at the pressure of the stag- 
nation region« Thrust is produced by the expansion of the steam and reaction 
products to ambient pressure«. Only a small part of the water is used in 
the chemical reaction; 

The external form of the hydroduct was determined from an extrapolation 
of Mk 40 torpedo minimum pressure coefficient data. 

Reference 6* 

Aa The major effort was spent in developing motors powered with molten 
lithium. Several improved fuel injectors were built and tested and mathe- 
matical analyses of the internal operation of the hydropulse were made, 
A speed of kl.6  kts vas maintained while producing 3^7 Ibe. thrust, 

a, Further work vas done on combustion chamber exhaust valves, water 
entrance valves^ poppet valves3  and the ignition system. One motor drove 
a 15 ft. boat at 8,2 knots» One unit gave a static thrust of 169 IDS* at 
a specific impulse of 32,000 lbs/(lb/sec)« 

P.-  Further descriptive material is given. 

da Further design computations were made and manufacture- of some of the 
components were completed. 

The motor under development is termed a v&por phase hydroduct as dis- 
tinguished from the hydroduct of Anderson, Rush and McClellan (CIT Report 
by R, G. Anderson,, C. W, Rush and T. R. McClellan, Development of a Hydro- 
duct dated lyV'f <) which operates with a bubbly water mixture. The compressi- 
bility effects in a gas-water mixture do not permit the development of the 
high jet velocities that can be obtained with a vapor exhaust. 
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Reference 7, 

A* A speed of 63.5 kts was attained. The thrust was brought to 
1380 lbs* Other performance data is: Specific impulse ; 3300 lbs thrust 
per lb of fuel per sec«, Specific power r (lBp x V) = 31*0,000 and specific 
fuel consumption Wf 3 5,8 lbs of fuel/thrust horsepower hour, 

B. 
a, Emphasis was placed on the development of a light weight unit for 

use on small boats« A15 ft. boat was driven at 8.1 knots« In a static 
test, a l80 lb« thrust was obtained at Ig = 32,000 lb-sec/lb* 

G* An extensive static test program was carried out. A mixture of Al 
metal and potassium perchlorate particles (Alclo) was recommended for study 
as a fuel due to its high energy density. 

Reference 8* 

A» Lithium is an excellent fuel, A Wf value of 5*1 was cbtain*& which 
is superior to the value for most modern torpedoes. Lithium is not avail- 
able in quantity and is thus not useful for ship propulsion* Attention wire 
directed toward the use of magnesium, Al, and their alloys as possible 
substitute fuels« 

@? Further static tests and mathematical analyses were made. 

Tests were made to determine the hazards involved in handling and use 
of Alclo» It is recommended that the steam injector principle (Aerojet 
Research T& No. 60 - The Hydroductor Propulsion System for u/V Missiles 
of 9 Jan 1950 to 0NR) be applied to the hydroduct to increase performance 
of hydroduct with increase in depth* 

Reference 9» (This reference not obtained«) 

Reference 10. 

A« No dynamic test runs were made» 

G„ U/w static testing was completed and dynamic testing on the rotating 
boou were successfully begun on the (lithium) hydroduct. 

II  Development of low-melting and high-energy density alloys was continued» 

Development work was continued on Alclo« 
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A study was made of the vibration (singing) of ifoin submerge*! struts 
or vanes. A complete report will be made under separate cover as dis- 
coveries have "been made which are of importance in the design of marine 
propellors, struts,  and vanes« 

Tests were made of the drag of a stepped body with air flowing through 
the shell. Extrapolations indicate that above 100 kts a reduction in drag 
can "be effected. 

Reference 11. 

a« Studies are "being made with the aim of obtaining a supercharged 
inlet mixture to improve the efficiency of the device* 

Gh Lithium Hydroduct. Practical operation of this hydroduct was Heuon« 
strayed by dynamic test-firings on the rotating boom* 

It was found that a critical-pressure exhaust nozzle (nozzle throat area 
contracts but does not then expand) is operable. This shows that a «ariafole 
exit-area exhaust nozzle is not necessary to provide effective expansion 
at varying back pressures if external flow is subsonic and the ratio of the 
ram pressure to the difference between the nozzle-throat 'pressure and the 
ambient pressure is greater than one, 

Alclo Byproducts Basic operating characteristics of the Alelo motor were 
determined by tests. Using this basic motor data, an ^Alclo %droduct vas 
designed» Design studies of steam-injector condensers were begun far 
purpose of trying to make the hydroduct insensitive to fcepth. 

I!» Alclo, The effects of compacting pressure and of propellent tempera^ 
ture on the burning rate of Alclo were measured« Work was done on a kOO-ton 
hydraulic press designed for pressing Alclo charges in sizes large enough 
for full-scale hydroduct testing* 

Lithium alloys and other alloys were studied to get basic tteta esuöh ■*«& 
melting temperatore* 

I« Work was concentrated on the design and building of a test flftettft- 
<generating unit« 

A report (Aerojet Besearch ^ No. 76 - A £tudy of VgBg», 
H§£££? 3 May 1951) *as submitted to OUR. 
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Reference 12« 

B« 
a« A motor has "been designed and its construction is $Qfa  completed 

which «ill operate vith compressed air, at 100 psig, and gasoline« 

Q. Lithium Hydroduc13 The practical operation of the hydroduct 
the eritieal-presaure exhaust nozzle was established by continued successful 

Al^lo^ljydroduct and Hyaxoduetpr B festing öf 2-in», and if-»in. motors 
was continued to determine basie data* A free running Hydroduct missile 
■was designed for range testing at San Clemente Island to provide data for 
comparison vith rocket datao A steam-injector condenser was fabricated 
and a test set up for the condenser is almost complete a The design of a 
ko^lxko  Alclo hydroductor for free running tests was initiated. 

Ho Testing of lithium alloys was continued, Means of chemically melting 
rather than electrical melting of lithium were studied, 

I. A test steam generator has been assembled and is ready for testing« 
The problem of obtaining a burner for Alclo in powdered form "was studied« 

Reference 13« 

Bo 
a. XfymuAt  ttöfeing of a new compressed air-gasoline motor was begun« 

G« Alclo Hydroducto The hydroduct test vehicle was successfully tested . 
at Ban Clemente and at HOTS* 

Alelo Hydroductor tests continued to get info on optimum water-to-steam 
ratios^ size of condenser j, limiting discharge pressures$  and stability 
properties a 

H« Alelo Studies* Work was done on increasing the burning rate and 
energy density of Alclo, Improvements were made in the ^00-ton hydraulic 
press used in pressing grains« 

lc    A number of feeders have been built and tested to produce steady 
flow of constituents to the burner to eliminate flame Slflicker*" 

Jo The Vertical_Steam Generator is a generator in which all water neces- 
sary for steaming as well as the Alclo heat source is contained in a 
caambero When the Alclo is ignited and burns the surrounding water is in- 
stantly flashed into steam and discharged at the top of the chamber at a rate 
dependent upon the mass rate of burning of the Alclo and the exposed burning 
surface« Testa of a unit (Kk III) were conducted and the unit was shown to 
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be a practical power source of emergency power and for short-duration 
super-performance of any steams-powered vehicle. Power outputs in multiples 
of 500 hp and of durations in multiples of 30 Bee. can be obtained by 
coupling units ,    A unit is an aid in the development of Alelo propellant 
in that it provides data on the burning characteristics of Alclo under 
pressure and on the steam generation process c- 

Reference Xka 

Be 
a. Mechanical improvements were made on the flap and air valves, 

G« Alc_lo_ jfodroduct * Continued successful testing of the hydroduct 
test vehicle was carried out at Morris Dam„ This work is reported under 
Contract Nonr-1002(00), 

To increase the performance of the hydroduct;, an Alclo motor incorpora- 
ting water-spray injectors was designed and tested. The development of 
a short combustion chamber was undertaken to make room for the condensing 
section: 

gydxoductor, Detailed drawings of the ^ydroductor .Mark I have been 
completed« 

H. Alclo Studies.- Work was done on a pressing technique which 'Would 
result in consistently acceptable 3*75~ia; diameter grains. 

I» Several u'rcsr-:: '■ave been tested with increasing success., 

J. The practicality of the unit for driving a turbine was demonstrated, 
A unit is 1,75 ft by 6 ft high and produces approx^ 5 hp«hr of energy: 

Reference 15« 

a« A unique fuel-vaporizing device has been developed, The air-contr©3 
valve has been improved« The static thrust has been increased from 70 to 
lUO lbsc at 5 eps* 

Go Alclo_ jj^roduct > Successful firings under Nonr-1002(00) continued 
at Morris Dam, 

Work was done on the design and development of a short combustion 
chamber for use with hydroduetor* A shorter combustion chamber is needed 
to make room for the condensing section of the hydroductor. 

■   ''■"'■  ■' : '  1     r AT Tvnfvr». ■»•£?• 
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Hvdroductor, Tests of the »? sail-scale stes!?.- let condsnBer was con-' 
eluded,  Numerous tests have been performed on the full-size steam jet 
condenser utilizing the k  5-in. Alclo motor. The Kydroductor Mk 1 free- 
running missile has been completely fabricated- 

H: AXc3:o>>wS^udieg. Further improvements were made in the ^00-ton hydraulic 
press , 

X, The Alclo-»fueled test steam generator wag successfully operated 

Reference 16. 

Bi 
a. A brief summary of work from 1 Apr-H through 31 August 1953 is 

^iven. Work on this project vas terminated it the direction 
of the Navys 

G- Alclo Hydroduct  Pictures were made of the ignition phase in an 
attempt to develop a better igniter. Full-ignition time was reduced from 
750 to 55 millisec 

Hydroductor-:. A new design employing condensation along a surface in the 
stream of the exhaust steam has been evolved and will be tested. 

I  A small steam generator has been constructed as a test unit for the 
proposed closed-cycle3  steam-operated submarine propulsion system, The 
steam generator was successfully operated for half an hour» Work was 
terminated on this project at the direction of the Navy-. 

K. A solid-propellant torpedo pover plant for the EX-2 was presented to 
BUGRD in July, 1953» The system being tested is similar to the one pro- 
posed to BUORD,  It consists of a gas generator, a turbine and reduction 
gear, and a speed controller. In the torpedo application an alternator and 
1 abdicating pump would also be required. 

A small high-speed impulse turbine powered bv the gaseous discharge 
of a high-energy, slow-"burning solid propellant is :he heart of a deep- 
running torpedo pover plant under development 

A gas generator has been designed and an existing turbine and ge&f bebe 
have been modified. Testing has begun- The practicality of a turbine- 
driven power plant using energy from one of the AN-2000 series of Aeroplex 
propellants vas demonstrated» 

Reference 17,- 

G. Hydroductor  Static tests of the full°scale steam-jet condensor 
have continued, An expanded static test station has been designed and is 
being built, 
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H, Alclo Gain Preparation for the Hydroductor. anphasis was placed oo 
quality controlt improvements of Dressing techniques, and igniter improve- 
ments « 

K« All the power plant components have "been designed and built* A 
mechanical turbine-speed controller has been built which should increase the 
operating time of the power plant at any torpedo depth less than 1000 ft* 

Reference 18* 

G*    An expanded static-test facility was installed, making it possible 
to simulate depths down to 1000 ft. Three configurations have been ex- 
tensively tested on the rotating boom«. One design proved superior and was 
selected for further testing and possible application to a modified design 
of a free-running test missile* 

H» Alclo Grain Preparation« Only limited work directly applicable to 
the hydroductor test firings was done* 

K« During this period the objective was changed to compliment another 
program (NOrd-1^993) and was to develop an optimum design speed controller 
suitable for use in a power plant for «the Mk ^1 torpedo. 

Test pit equipment was improved» Some gas generator, speed-control 
valve, and complete engine tests were made, 

Reference 19« 

G* Hydroductor < Testing continued on a static «test motor of the same 
configuration as the motor section of the free-running hydroductor except 
for ^ difference in the area of the condensing-water scoop passages. Simu- 
lated depth changes were applied and the motor continued to operate, 
indicating depth insensitivity, 

K> The objective of this program is to develop an optimum-design speed 
controller which will keep the speed of a solid-propellant torpedo engine 
constant during operation at depths from 0 to 1000 ft» The development of 
the speed controller augments the wori: of NOrd-11*993, and in ite» final form 
it will be suitable for use with & power plant in a Mk kl type torpedo« 

A speed control valve was modified to operate hot gas directly from 
the gas generator«. Tests were made in which speed was controlled to within 
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L.: The main objective of this project is to derive specifications for 
a 21-in, 75 kt, torpedo of 30,000 yd. range. Tb^ torpedo Length is to 
"be 123 in-, the warhead weight not less than 600 lb. and the power plant 
to operable down to 1000 ft. The ovei'ail specs shall be generally com- 
parable to those for the modern anti-ship torpedo as printed in NOTS 
TM No. 1256. 

Two types of pxopeilant systeats choked promise.  One was hydrogen 
peroxide and diesel oil and another was the Aerojet solid propellent 
AN-2091AX* The latter was selected as more desirable. Propulsion is 
achieved ~b^j  means of a high~3peed-t. single stage impulse turbine driving 
a single-stage rear mounted external pump jet* 

Ik 
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Sjjcmary or Aerojet Technical Reports for Armaaejgtg 
Branch of ONP under~Coatr§ct_Nonr-1002(00~1~~ 

Ref ereneea 

fc.ero.1et General Corporation informal 
Ncnr-10Q2(00) as follows. 

reports of progress on Contract 

Report 
Report 
Report 
Report 
Report 
Report 
Report 
Report 
' .Aport 
fteport 
Report 
Report 
Report 
Report 
Report 
Import 
Beport 
Beport 
Koport 
Export 
Report 
Report 
titr.pOx't' 
Report 
Report 
Export 
m port 
Report 
Report 

No* 
No. 
No. 
No. 
NO: 
Mo. 
No« 
No, 
No, 
No, 
No« 
No. 
No, 
No, 
No, 
No, 
NOe 
No, 
No, 
No, 
No* 
NOo 

Noc 
No« 
No, 
No. 
No, 
No* 
No* 
No, 

L2815 
12815 
L2815 
15815 
12615 
L2815 
L2815 
L2Ö15 
L2Ö15 
L2815- 
L2815- 

12815- 

L2815- 
X2Ö15" 
L28l5^ 
L28X5- 
12815« 
L2815- 
12815- 
12815- 
I2815- 
12815" 

- SECRET. 
SECRET« 

- CONFIDENTIAL« 
SECRET!, 
CONFIDENTIAL., 

»1 of 12 May 1953 - SECRET. 
-2  of 2 June  1953 - SECRET. 
-3 of 29 June 1953 - SECRET. 
-k  of 31 July 1953 
-5 of 26 Aug 1953 
■6 of 28 Sept 1953 
-7 of 1* Nov I953 - 
-8 of 17 Dec 1953 - 
^9 of 14 Jan, 195^ - CONFIDENTIAL, 
-10 of 12 April I95I+ - CONFIDENTIAL. 
11 of 10 March 195^ " CONFIDENTIAL. 
12 of 22 April 195U - CONFIDENTIAL* 
13 of 27 May I95I4. - CONFIDENTIAL, 
Ik  of 1 June 195U -  CONFIDENTIAL. 
15 of 30 June I95U - CONFIDENTIAL. 
16 of 5 August 195^ - CONFIDENTIAL. 
17 of 26 August 195^ - CONFIDENTIAL* 
18 of 28 Sept 195^ - CONFIDENTIAL* 
19 of 1 Nov 1954 - CONFIDENTIAL* 
20 of 2^ Nov 195^ - CONFIDENTIAL. 
21 of 29 Dec 195^ - CONFIDENTIAL. 
22 of 7 Feb 1955 - CONFIDENTIAL* 
23 of 25 Feb 1955 - CONFIDENTIALc 

>* h April 1955 
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12815 
L2815 
12815 

25 of 29 April 1935 
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CONFIDENTIAL, 

CONFIDENTIAL. 
27 of 7 July 1955 - SECRET* 
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Objectives i 

A> Rexi^i  testing of ^5'i" Aldo hydroduct and hydrodactor test missile 
to determine range, velocity, trajectory, dispersion, and other "ballistic 

Bo Design of a recoilless gun suitable for launching hydroduct. 

12 Hay 1953 (For Sept., 1952 through March 1953 work) - Secret Report L8BI5-I0 
5Ee~Heio hydroduct 'was developed under $6ori-10 and was first fired at 
San Clement« (HOTS TM Ho* 661, 2? June 1952, Secret), Report ££§£5-1 ,s 

summarizes the results of several Hydroduct firings at the Morris--Dam for-p&dc 
Range a , •,, 

L&unchings were made using a rail launcher and a rocket toooster. 

,£,°rm^ .195.3 [for April work)* Eleven firings vere made* 

Jg Junelg^ (for May work}» Ten firings vere ma^e* 

Bl Jtaly^Xffgg (for June work)* Five filings madec Preliminary dbssigna of 
a recoilless gun launcher for hydroduct or hydroductor were made. 

26 Aug 3^|3 (for July work)« Ho firings,. Fire hazards Work on -recoil4«0S, 
gun continuedt 

2ß Bfflfc,,*^. (for August work) 

lc Fira hazard - no firings in August* 
2c    10 hydroduct rounds previously fired were recovered by $lv&t& v.&ir- 

i'«*^.:.ettc locators. Recovery points fedcled to trajectory,, 

B * 
1* Calibration tests were made in a vented chamber to determine ourai ■..-;. 

rate function of M6 propellant« 

2. Test fixture fabricated and several muzzle closures of Incite testerJU 
Oiaphram scored in a star pattern broke satisfactorily when nose poked 
5 hrough it« 

U    T'-'~ ■  f-'-iaö of teats ätand and assembly drawings being prepared* 

CQKFXn&RiCXAL 
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ENCLOSURE (2) Cont*d 

k  Nov. 1953 (For Sept work) see Secret Report L2615-7* 

Dec. *53 (For Oct. work) 

A. No data. 

B. 
X*    Vented chamber testß of M6 propellant completed and data being 

reduced to obtain burning rate function for chamber pressures of about 
5000 psi. 

2, Fabrication of test assembly of the launchers and launcher test 
stand about ?.,%  complete, 

3* Studies being made to compare slotted barrel with barrel large enough 
to accommodate full missile fin span, Slotted barrel looks more promising* 

kt    Three rail launchers used in San Clemente hydroduct firings being 
modified so hydroductor can be launched from dry chamber to simulate firing 
from the recoilless gun launcher* 

jJfea« *5h  (For Nov, »53 vork) 

A. 
1. The first ^.5-in* Alclo hydroductor was launched on Morris Dam 

torpedo range,  Launching velocity was satisfactory, but the missile din 
not reach an equilibrium running condition. Missile recovered on bottom 
(depth about 80s) after traveling only 250 ft. Apparently a vented flow of 
condensing water through the scoops was not established and drag was there- 
fore excessive* Attempts to be made in future to keep water out of con- 
densing chamber until the missile leaves the launcher as an initially water- 
free condensing chamber may help flow to start through the condensing water 
scoops, Studies to be made on rotating boom with the steam accumulator to 
check the design for starting and free-running operational stability, 

B« 
1. Fabrication of the test assembly of the launcher and the launcher 

test stand about 50$ complete. 

2, Mk 13 Mod 2 primers with the main black-powder charge removed have 
been received. These to be reloaded with varying amounts of black powder 
and tested with the gas generator, The gas generator design has been com- 
pleted and released for fabrication* 

3» The study and testing of closure diaphragms has been continued. 

KWKCaUDED AT 3-YEAR INTERVALS 
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CONFIDENTIAL DECLASS^       SARS 

EHCLOSURE (2) Cont'd^ mR 5200<10 

12 April '5s* (For Dec '53 work) 

A.- Fire hazard - no tests -. 

1. Fabrication of launcher test stand complete except for the thrust* 
calibration equipment. The load cell has been delivered. Design study being 
made of a ballistic recovery box for recovery of piston, dead weight, or 
dummy missile. 

, 2, Design of slotted barrel and piston for the gun completed and re- 
leased for fabrication. 

March *5^ (For Jan vork) 

* A, 
1* First firing of HDR No. L-l (external condensing hydroductor) was 

attempted* Alclo grain failed to ignite» 

2* Round reloaded with a new grain and launched. Round swerved-tö 
the left excessively; the only difference in this missile and hydroduct 
that might influence the trajectory is a pin bob (used in attaching fins 
to body) at 1.5° to steam jet* Rd, being reloaded with the "bob" support 
piers aligned with axis of missile» 

B« 
1» The gas generator for the recoilless-gun launcher was fired using 

only the primer, to determine the peak pressures from the primer, Mk 13-2 
primer to be tested with M6 propellant, 

2, Slotted barrel for the gun is about S0£ complete. 

22 April '51* (For Feb. work) 

A» .Hydroductor No, 2 (U*5 in, Alclo hydroductor with condensing water 
ecoops and internal condensing section) launched on Morris Dam torpedo range. 
Water scoops were covered by shoes during launcher travel of missile. This 
system had been found satisfactory on rotating boom. V £g    175 ft/eec 
but missile did not run properly; hit bottom after about 250 ft fwd* travel. 
Vented flow of water through scoops evidently not established- 

B. Firing tests of gas generator with 2-lb. charges of M6 propellant 
started. Various materials and methods of installation tried on burst 
closures for the generator nozzles, Starting pressures varied from 1000 to 
1500 psi> and satisfactory ignition of the propellant was obtained with the 
Mk 13-2 primers* Tests with varying K - ratios have produced peak pressure« 

CONFIDENTIAL 
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POD DIR 5200,10 
..Vä 

from 5250 to 7500 psi with very regular pressure vs. time curves. Loading 
densities of 0*2 and 0.25 were used.- Force measurements were made on this 
multi-orifice gas-generator chamber, and the magnitude of the ignition 
impulse loading was well within the structural requirements of the gas- 
generator supports. 

'5^ (for March work) 

1, Two firings made of hydroductor. The piers that support the condensing 
"bob" were aligned with the axis of missile in on© case and at 1° in another 
Both missiles' swerved to the left about 100 ft in 900 ft. of forward travel, 

2» Six hydroduets with tail 6 fired. Two rounds seemed to run properly* 

B. 
1, Firing tests of the gas generator with 2 Ibc charges of Mb prop£iXa&t 

have been continued« Changes in pressure-time curve due to changing the 
area ratio (K)  and loading density ( A   )  were determined« Recalculations 
using data obtained with M6 pronellant indicate charge weight of between 2 
and 3 l*'0« will toe needed for test firings, A test-model generator for*3*3$? 
charges is being fabricated, 

2« Ballistic recovery box has been designed and released for fabrics*,?. 
tion« 

3« Drawings being prepared and material ordered for the fabrication. 
of another gun assembly for use in underwater tests in ring channel■. 

June f$k (For April work) 

A. No range firings but changes were made in Alclo grain to improve igni- 
tion and burning. 

Bo Firing tests of gas generator using 2-lb, charge of M6 propellant con- 
tinued« 

June *54 (For May work) 

A, Hydroduct test missile Ko. kO  reloaded with improved grain and refired 
with satisfactory results« Rd deviation: 6*9 ft* left at 900 ft. 

B. 
1« Firing tests completed of the gas generator using the 2-lb, charge 

of M6 propellant« 

CONFIDENTIAL 
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2. The slotted-barrel gün assembly was completed and an initial check 
made using a 2-lb. charge of M6 propellant. Performance of the recoilless 
gun was very satisfactory* V r 2*4-5 ft/sec, max. breech pressure = 
900 psia, peak recoil force r 3600 lbs. The recoil force was approximately 
20f»  of the normal gun recoil for the recorded pressure; this expected as 
recoil nozzle designed for positive recoil force, 

5 Aug (for June work) 

A. 
1. Another hydroduct was fired to confirm the performance of the 

Alclo grain with improved igniter and restriction. 

2. Hydroductor No. L-l refired for fourth time with another condensing 
bob change. Nothing proved as bob was loat at launching, 

B. 
1* Firing tests of slotted gun assembly continued. Recoil nozzle 

throat area increased and recoil force reduced from 20# to ety of fere» fear 
normal gun, 

2. Initial tests of the 3-lb, gas generator were made. 

26 Aug (for July work) 

A. No range tests 

B. 
1. Recoil force further reduced to 200 lbs ( ~ 2»5# that of normal 

gun), 

2. l6 firings of gun made with a test missile loaded with a dummy 
grain. No evidence of grain daoage, 

complete• 
3. Gun No. 2 (aluminum) about 10>'/V, Xest stand for mounting gun about 

50^ complete. 

Sept« (for Aug. work) 

A. No range firings. 

B< 
1. Fabrication initiated on an aluminum breech section of smaller 

caliber. This will reduce space requirements if several launchers are 
clustered. 

CONFIDENTIAL 
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ENCLOSURE (2) Cont'd   DQD DIR 52ÜO.IO 

2. A .13^ in. lead diaphragm as a muzzle closure was incorporated 
in test gun design and found to function satisfactorily. Diaphragm found 
to withstand hydrostatic pressure equivalent to 200 ft. of water«. 

1 Nov (for Sept. work) 

A. No range tests. Tests of model hydroductor on rotating boom being 
reported under N6ori-10. 

B. 
1* One firing of the launcher vith gun propellent gases entering 

nozTEle of mitteile,. The gasee fired a «guib and gaees may eatisfÄctorU/ 
ignite the missile. If this happens, then the separate electrical circuit 
for missile ignition can be eliminated. 

2. High-speed movies of the missile emerging from the muzzle show 
there is little gas leakage as missile passes through the lead diapbragn. 

3« The recoil nozzle closure was improved to give greater uniformity 
of fail pressure. 

h.    Firings started to estimate V0 variations. 

2k Nov (for Sept. work) 

A* No range tests. 

B = 
1. Sixteen firings made to estimate VQ variations. Data being r 

2* The 9-in* aluminum breech section approx» 75$ complete* 

Decc (for Nov, work) 

A, No tests. 

B. 

varied about 3$ 
lo Five more rds fired, V - 221 * 2 ft/sec. The recoil momentum 

o     — 

2, Some reworking of parts (unsatisfactory welds had been found) being 
done for 9-in. Al breech and gun. 

7 Feb  «55 (for Dec, *5k  work) 

A» Modified free-running hydroductors being assembled- Increasing 
cross-sectional area scoops, suggested by rotating-boom program, to be used* 

COPÜÄFIA^ 



CONFIDENTIAL 

ENCLOSURE (2) Cont»d 

B. 
1* Al breech section modified in an effort to obtain a satisfactory 

weld. 

2« Fabrication of parts for the ring-channel test installation Com- 
pleted. 

25 Feb* (for Jan. vork) 

A. No firings. 

B* Ring-channel installation for underwater firing Of recoillesa^fun 
launcher almost completed» 

k,April (for Feb. work) 

A« -^Missile scoops being redesigned in accordance with analysis^&f 
hydroductori development studies, reported under N6ori-10 (Report *ßBÖO~*iÖ£) 
to cut ratio of condensing water to steam fro» about 25 or 30 to 20, 

B» ?
JNö work. 

c Z% April (for March work) 

A, hydroductor test missile with water-to-steam ratio of 20 being 
fabricated. 

B. 
1. Three underwater test firing of the recoilless-gun launcher were 

made» Chamber pressure and MV were similar to air firings. 

2» Camera bells being fabricated» Accelerometer has been mounted 
and calibrated» 

25 May (for April work) 

A. Preparations are being made for range testing, of Hydroductor No* k* 
The rotating boom and static-test pit work has shown that the condensing; 
process starts properly when the flow of condensing water can be delayed 
until steam flow is established. In order to launch the hydroductor under 
these conditions>  it was decided to use a rail launcher modified with a 
closed tube section at its after end. This launcher was first used at 
San Clemente with hydroduct and was subsequently replaced at Morris Dam by 
another rail launcher. The tube section has its ends closed with Plexiglas? 
diaphragms and contains guide rails , The missile and booster remain dry. 
until booster fired,    The hydroductor is fitted with shoes to delay entrance 
of condensing water into scoop. 

8 CONFIDENTIAL 
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ENCLOSURE (2) Contvd 

B» Two underwater firings of recoilXesi»-gun launcher made to complete 
cheeking out of instrumentation* 

7 July '55 (for May work). Hydroductor No» k was fired. 

2 Aug (for June work) 

A. 
1, Hydroduct Test Missile No. 39A was range-fired to determine if 

the procedure of firing the Alclo grain and booster simultaneously would be 
satisfactory, The launching was satisfactory but grain, burning t;ime WBB 
so long that the missile descended to the mud before completing burning. 

2. Firing of Hydroductor Test Missile No. 5 canceled because oC fire 
hazard« 

B* 
1> Two underwater test firings of the gun were made and photographs 

taken♦ 

2.  Plans being made to complete testing of gun at Morris Dam using 
hydroduct missiles. 

30 Aug (for July work).  Very little work done during this period. The fev 
tests made to be included in next report» 

5 Oct (for July and August work) 

A,  No firings due to fire hazard, 

1. Five underwater test firings of the gun were made in the ring 
channel.  Integrated recoil momentum was found to be essentially zero. 

2. Deep water testing of gun started at Morris Dam, one firing made at 
10 ft. depth, four at 20 ft., one at 30 ft., and one at 1*0 ft. The dumxajf 
missiles were recovered by. divers about 200 ft. ahead of the launcher. 
Oscillograph performance records to be analyzed. Additional tests to be 
made at 85 ft. depth. 

CONFIDENTIAL 
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ENCLOSURE (3) 

1. The hydroduct work consists of - 

(a) Launcher design, fabrication, and testing - sponsored by Armament 
Branch. 

(b) Power studies, e.g. to prove out the expected insensitivity to 
depth of the hydroductor - sponsored by Power Branch of ONR. 

(c) Studies of the condensation of the exhaust - sponsored by Mechanics 
Branch of ONR. 

The work is all tapering off. No further sponsorship contemplated after FY 56. 
Work now is mostly on carry over funds. Launcher is fabricated and ready for 
proof testing. 

2. Six runs have been made with Hydroductor. 
Dam) are planned» 

The following tests ( at Morris 

(a) 10 runs with hydroduct to test launcher-get dispersion. (Launcher 
is essentially a recoilless gun.) 

(b) 20 runs of Hydroductor at different depths to test insensitivity to 
depth - not to test launcher. 

3. 9/19/55 - According to BUSHIPS RDB project "underwater RoCi.dt" (Project 
Number NS 321-019), the Mare Island Naval Shipyard, During FY 56, is de- 
veloping a prototype shipboard and/or submarine facility that will stow, 
handle, assemble, check-out, and transport to the launcher an U/W rocket, 
a 9" Ü/W rocket (for greater range than 4.5") is being considered but decision 
on providing funds held up pending CNO's opinion of practicality of such a 
weapon. Aerojet has sent in a proposal for compacting the propellant grain, 
the principal problem in the development of such a rocket. 

PSCLASSI*^ AFXER 12 YEARS 

Ö0D DIR 5200.10 
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UDK J.  U.  Koper 

•    UNITED STATES  GOVERNMENT 

0NR:^3:CEB:mg^ 
DATE:    lu October 1950 

FROM C.  E.  Burns 

SUBJECT:  Range Testing of Hydroduct Notes Concerning Attached Conference Report 
of 28 Oct 1956 

1. The idea that ve should fire the Hydroduct with a modified scoop (ie round 
leading edge) and a new igniter seems to be sending good money after bad, 

2. We should realize "basic engineering" data is lacking and that we are involved 
in a propulsion system problem not merely a simple air rocket design. Aerojet is 
not in a strong position to defend their program. Neither is CNR in a position of 
being an omnipotent critic since the whole approach by Aerojet was "development" 
and our people accepted it on this basis. As a matter of fact Gongwer's desire to 
explore other exhaust designs is probably due to a realization that the shroud 
design is a fallacy that won't work. 

3. What we need is a facility where this vehicle can be examined fully component 
wise (ie combustion, steam formation, velocity limits and water rate to sustain 
required steam discharge into nozzle,  nozzle performance thrust developed within 
missile velocity range, detail analysis and tests of rocket exhaust with respect 
to effect of condensing, establishing location of condensing boundaries, effect on 
condensing of steam discharge rates). Lacking such a facility and including 
personnel as part of our problem, it is possible we can obtain a disinterested 
group to examine the present hydroductor design and recommend possible avenues of 
attack. 

k.    I am aware that both Wb isner and Eisehberg feel that we should support the 
final tests mentioned at the start of this memo. With this I do not agree as there 
seems little likelyhood of a "depth insensitive on the shelf weapon"ever resulting. 
If we could tackle the problem at "basic level * our money would be useful and to 
do this we should attempt to secure a facility properly staffed otherwise not go 
any further into development. 

C. E. BURNS 

DOWNGRADED   AT   :■-•;-.? 
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tftftii; ■ n/&\n 

To:        Office of Naval Research 
Codes U63, U29, 438 
Washington. D. C. 
Office of Naval Research 
Green Street 
Pasadena, California 

Subject:    Conference at OHR, Washington, D. C, on Hydroductor 
Program 

Rv£erence:       (a) Aerojet- General Proposal FW-6&L7 for Continuation of 
Range Testing of Alclo Hydroductor, Contract Nonr 1002(00) 

(b) Aerojet-General Proposal PW-6818 for Continuation of 
Research and Development in the field of Underwater 
Propulsion Devices, Contract NOnr 1863(00) 

Qn  October 28» a meeting was held at the Office of Naval Research, 

Washington, D. C, in the Office of Mr. F. C. Wiesner, Code 429- The 

purpose was to coordinate the program on the hydroductor development now 

underway at Aerojet under Contracts Nonr 1002(00) and NOnr 1863(00), and 

proposed for continuation under References (a) and (b). '?hose in attendance 

at this meeting were as follows: 

Mr. F. C Wiesner, CNR 

Mr. A. G. Lundquist, OHR 

CDR W. T. Sawyer, OHR        - - ■ ,  . 

Mr. C. A, Lejonhud, ONR        r 

CDR J. C Rcper, ONR 

Mr. C. E. Burns, ONR 

Mr. P* EisenberS; ONR 

CDR Waldo Simons, ONR 

Mr. J. W. Smith, ONR 

Mr. C A. Gongver, Aerojet 

Mr, H. F- Qsborn, Aerojet 

Mr. G. G. Loehr, Aerojet 

J 
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This letter is to confirm the conclusions reached at this «ecting. 

It was the consensus that the division of support between Codes 

koZ  and k2$  should remain as at present and as proposed in Reference (a) 

ana (b).  Namely, the range work, now in the ring channel facility at the 

Aerojet plant,  would continue under Code 463 &&&  the research and develop- 

ment work on the application of the condensation principle would continue 

under Code 1*2$?. This  will include two dimension».] studies of both the 

internal and external jet condensers in the steam-water tunnel facility. 

It was emphasized that for the internal condensing hydroductor 

the starting sequence was critical and probably responsible for the failure 

of this system to develop thrust on range tests so far as determined by 

deceleration data.  This was in contrast to the successful tests of this 

device in the ring channel, the steam-water tunnel and the test pits with 

live grains of propellent, A3 * result the program will concentrate on 

insuring the successful sequencing of the starting process in the ring 

channel range tests as well as in the two dimensional tests. 

The tests methods employed will utilize the gun launcher previously 

developed under NOnr 1002(00) to fire the test missile loaded with a short 

grain of propellant to correspond to the length of free flight path 

available on the ring channel range.  High speed and micro-flash photography 

and time-distance data obtained from magnetic loops will be utilized to 

determine the degree of motor performance and proper starting sequencing. 

It is planned that about 2h  range firings will be made and the dais 

analyzed during the year- !.'■• 

.... : - J: 
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For the two dimensional studies the instrumentation will provide 

measurements of static and dynamic pressures and high speed and micro« 

flash photography in conjunction with tracers in the flow. 

Aerojet-General appreciates very much the opportunity afforded 

by this meeting to review and plan the program for the successful develop- 

ment of the hydroductor to provide depth insensitivity.  It is recommended 

that another conference of this type be held in the near future. 

DOB DIR 5200aJ$ 

(MfFlIfflfi 



I 
lAR,   AZUÖÄ 

Serial OlOlii 

/ 

7* ^ */ 

FIRST  bJBX&SiUiNNr on Aerojat-General Corp Conf Itr bOOtli?lsRJVjbr of ? ftov $6 

Froui:    Bureau of Aeronautics Representative, Azusa 
To:        Chief, Office of Naml Research, Department of the ifovy,  «Yashington $$,  D.G. 

Attention:    ?.  G. Wieaner, Power Branch, Code k£9 
Attentions    CDR J.  G.  Roper, Armament Branch, Code k&3 
Attentions    P. ftisenber^, Mechanics .Branch, Code 1*38 

Subj;    Conference at QHR, Washington, D,  C,  on Hydrocuctur Program 

i.     Forwarded,  readctresseo directly to the adcressee. 

Copy to: 
ONR,  Pasadens 
Aerojet-General, Azusa (C. Qongwer) 

- ,-•-,-;: :*T"S 
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CONFIDENTIAL /VV 

A    SUBSIDIARY   OF    THE     G E N E R A I    TIRF    &     RUSHER    COMPANY 

7 Hovoiabör 1956 400 »491 s SOW s far 

to i Off lea o£ SamL &m*ruh 
i^p«tr1ijB©at of tto» Retry 

Attention*,    i?» G» Wtöemr« Cods Ä29 

Attsatioa*    ÜBE J« C» Küpe?»  CUttWs Ify 
farmmant 2&**&G£I 

Aaroj«fe~faiaftrfil GorporatW* 
üiitttigu öatliforüia 

visu öffioe of Havel a&Sö&ych 
1030 S. drees Street 

r^fferenoei    {&}    ätrejaWte&Br&l IfrogM&l FW-6817 £br Qontim&tiaa of Kangp 
tarlf&g of J&clo j^äro&ietor, Contract ffim 2JöQ2(öO) . 

(V)    ^roJtWätatral I¥OWB&1 P#-6618 for Continuation of Rteoarab 
«&£ !Jav*£<2oufcK'& in taa FlpXS or UnÖf»:nffttar Propulsion Devi©©*, 
c&otaraot SSOBT lS63{OD)a 

!♦      OB October 38, a acting mc w*i$ at tb* üJTfiw of FäVUI Ro««archff 
*a»hiag*o!it  D^G,* in the office of I4r* F* £• ?l«*&«rj Oada 429*    *hs grarpttMi 
va» to coordinate th» pro^nta on the fagr&r&iHifttor riterolepmgfe sov nadwvey s v, 
tare Jet üüttei* Contracts 8BB? 1002(00) aiad BOH? 1363(00), mä ti» propo*«! 

* c 
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Office of Naval Research - 2 - 7 ^ember 1956 
4uO:491:HMVtbr 

continuation of this* program under References  (a) and (b).    Those in attendance 
at this meeting wares 

,-lr. P« C.   :iesner,  Own 
:.r.  A«  0.  Lundquist,  OWi 
GDR  4. 'V. lawyer, OHR 
'Jr. 0.   x. Lejoahuri,   C;R:i 
ODR J« 0. Ropor,   ONfc 
.r.  G.  E«  Burns,  O&H 
-x. P. Slsenberg,  02$ 
CDR   Jaloo Simons, OJSn. 
ir« J« '•:. Smith, OMi 

Mr« Cm  A. Gongwer, Aerojet 
Mr. H. r. Qebora, Aerojet 
Hr. G. G. Loehr, Aerojet 

This letter ie to confirm the conclusions reached at this nesting. 

2«  It was toe consensus of the above group that the division of support between 
the Power Branch, Cod© 429, and the Anfi&a&eni Branch, Code 463, Office of Haval 
Research, should remain aa at present and as proposed in Reference (a) and (b) • 
gamely, the* range worit, now in the ring channel facility at the Aerojet plant, 
would continue under cognisance of Code 4&3 and the research and development work 
on the application of the condensation principle would continue under cognizance 
of Code 429» The research portion of the program will include two-dimensional 
studies of both the internal and external jet condensers in the steam-water 

fj- tunnel facility. 

3.  It was emphasised theä for the internal condensing hydroductor, the «starting 
sequence was critical and probably responsible for the failure of this system to 
develop thrust on range tests so far, as determined by deceleration data. This 
was in contrast to the successful tests of this device in the ring channel, the 
steam-water tunnel ana the test pits with live grains of propeilant. As a result, 
the program will concentrate on insuring the successful sequencing of the starting 
process in the ring channel range teats, as well as in the two-dimensional tests. 

4*  The test methods to be employed will utilize the gun launcher, previously 
dev*lop^a under Contract Ifenr 1002(00), to fire the test, missile w*^ea will be 
loadeo with a snort duration grain of propellant to oerrespeiid to the time of free 
flight travel available on the ring channel range. High speed and microflasa pho- 
tography, and tins-distance data obtained fros magnetic loops will be utilized to 
detrarndns the degree of motor performance and proper starting sequencing« It is 
planned that about 24 rang© firings will be made and the data analysed during the 
year. 

'«»•( ■'•■ ":J,   Al :■"■''  : . ;;TvV:L3 
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5,      ;ar the two-diaenöiönal studies,  +.foe Inetriaaentation will provide neaenre- 
nents ox* static and dynamic pressures, and high ^peed and ©ieroflaah photography 
in coG.limction with tracers 5.:: t-he flow« 

6*       erojet-riersoral approcl° kes very much the opporti3sdtar afforded ter this 
»eating to review and OI&JQ the prograa for the suceeösfal davalopmaiit of the 
aydroductor to provics the llrey with an cmderuater power plant vita depth In- 
sensitiw performance characteristics«    It is recaasended that another conference 
of this type be held in the near ftrtosre« 

.TROJRWSBPF^/IT   CORPORATION 

",  *., Gongver» Manager 
Underwater Enälne Division 

■ 
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ce Memorandum • UNITED STATES GOVERNMENT 
^tftü^fTAtr   ! " nUi 08H:463iCEB:aiae 
TO CUB   T    C    Renar -   -   --DATE:     27 November 195 ™.   „.    u.   *.w^<5*        DOWNGRADED   A,   c~\.:Ln   i i^KVALS JA1C~ 

FROM       :       i'^T«   '^.    »•   JtJUTns 

—.n~   T- vt-    E^OAn   Ifi 

SUBJECT:  Hange Testing of Hydroduct and Hydroductor; HR 23*^004, ftonr 1002(00) 

Ref : (a) BAB Azusa 1st «nd Ser 0885 (COBT) of 5 Oct. 1956 i orwarding Aerojet 
General ltr of 28 Ser 1956 Proposal 4FVT-631? to continue Hange Testing 
of the Alclo Hydroductor -under Contract ^onr 1002(00) with Code 463 

("b) Aerojet General proposal ^PW-*.6813 for continuation of Beseaich and 
Development in th* field of underwater Propulsion Devicej under Contract 
Nonr 18*3(00) with Code 429 

(c) Memo to Code 463 file (C0KF) dtd 31 A*g 1953 signed by C. 2. Burns 
Outlining deficiencies of Hydroductor Bange Testing Program 

(d) Contract N6onr 244(24) (COKi1) with G.I.T. entitled *Hvdrodynamic 
Problems Associated with Underwater Jet Propulsion.* 

1. The question whether we should continue to support the Bange Testing portion 
of the Hydroductor Program as covered "by reference (a) is tied in with agreem«nts 
between Coles 463 and 429 with which I have never fully concurred, also Information 
contained in ra£***^es(e) and (d).  JOT  example, in reference (c) a number of de- 
ficiencies in the Hydroduct and Hydroductor Program as I saw them were delineated. 
It was my recommendation at the time that we tackle these deficiencies individually 
as basic problems before attempting to establish an O.S.B.D. type of "Crash Program.8 

Similarily reference (d) is a project in basic underwater hydrodynamics which we 
initiated but were forced to drop because of its poor results.  I have a feeling 
that others agreed with this approach. However, there was pressure within the H&vy 
for an Underwater Bocket Weapon rather than more research. As a consequence, i;Y 1953 
funds available, were utilized to push th^ development of the Hydroduct as a weapon. 
Bas*d on a similar philosophy a modified device known as the iiydroductor has e 
likewise been developed. Begardless of comr.itjfejents to financially support the 
Ban^e Testing portion of Code 429' s progra» we should re-evaluate the vehicles tech- 
nically before authorizing further funds. 

2. My concept of both the Hydroduct and *Vdroductor is that we are dealing with 
a System Probler not merely a Bocket Propulsion Problem and that specific answer 
in the following areas are needed: 

(a) Since the hydroduct and hydroductor rocket engine is a steam generator, 
would other types of non-metallic prop=llants b-^^n more efficient and 
useful? 

(b) Has it b°*n firmly «»stablished, from a propulsion standpoint, that a 
condensing or relatively non-condensing jet is required? 

(c) Is the basic design of th* condensing portion of the rocket jet 
exhaust fully understood?  i.e. The rat» of which the condensing gas(steam) 
must be expelled thru nozzle 'to:  (l) maintain rocket thrust (2)   prevent 



r>r- - nr   -v^pnn 0ERj**63:CKB:mae 
CCCTtB^*^   . •-.: j u L & 27 November 195- 

Subj: Rang» Testing of Hydroduct and Hydroductor; NB 234-00^, Nonr 1002(00) 

gas frocs condensing within nossie and thus "Kill thru9tn ana (3) effect 
of variables such as water temperature on the underwater condensing jet. 

(d) How i3 the correction lor "buoyancy, as the missile approach«» 
r,Burn Out" obtained? Is it possible to obtain som« degree of correction 
by pointing the launcher? 

(e) What is the basis for establishing present mi ssile velocity limits: 
(l) during launching and (z)  while running? 

(f) If the amount of gas and rates of flow to .roperly pro pell the missile 
underwater over ;*n established ran^e are known, would acme means for con- 
trolling the rocket engine combustion be advantageoust 

(^)   Is present gas generation critical or may vj> accept the propellamt 
combustion rat'* plus water as providing- th® correct amount 01 ga*(steam) 
cieededt 

(h) lias the hvdrodynamic shape of th* nose with water entrance openings 
been examined for water intake variation due to: (l) changes in angle of 
attack of missile (?.}  variations in missile velocity over a given range 
(3) change in missil« running depth i.e. from 10 feet to $00  f*<*t ##p%h 
and (b)   effect oi  nornal riissile roll and oscillation. 

3. fhere are no doubt som-3 answers to the preceding questions based on development 
of th» Hydroouctor vehicle as a Unit,  *t is not clear that any attempt has been 
made to isolate items 2b (condensing or non-condensing gas), 2c (rates at which gas 
must be expelled), 2e (velocity limits for ^st-blished range,) 2f (possible control 
of gat generation) and 2g (Hydrodynamics of missile interior and <=xt<=>rior) .  Perhaps 
these items cannot be tackled individually at this st»ge 01 Aerojet« contract since 
we li«ve a vehicle which "runs" and the contractor no doubt, feels that with a ciodiiied 
scoop i.e. round leading ed^e and new igniter will vastly improve the missile.  Act- 
ually Mr« Oongwer1s desire to explore other exhaust d»sirn is in line with the develop- 
mental ai;j roach upon which this j rojeet has been based and will continue to operate 
as long as funas are available. 

4. A totally new facility, instrumentation and < enerml approach seem needed if we 
are to obtain answers to the r-ore important basic questions as yet unansweraa.  One 
some of th«s«? have been answered other parts of the design can be tackled ir.  order 
to fully understand and if possible, correct functional deficiencies.  It does not 
seem that the "development-testing-modification approach" by Aerojet should be con- 
tinued unless greatly increased funds are available.  I am aware that both Mr. W«lsner 
&.na.  ^isenberg f^el that we should support th* tttsts of tine modified scoop for the 
present hyrtrodnctor and a new igniter .esign^d to improve the starting sequenc».  I 
hav« a fueling that further t«stin^; will not cur» th* basic difficulties and will 
result in a request for additional funds.  If Codes 400 a.n ti^O^front off in«) approve 

the Hydroductor development and test program in principle they shouad'gire Code k2$ 
funds for complete support even though there Is some doubt whether the iork belöüfi 

ir. th« i«tter Cod«. INTERVALS 
DOWNGRADED Al 3-/EAK 

».-.— •"•—    '  " ■;.„* 
T>üD DIR 5200,10 



rr^nnr^-^^n^T'P n n OHR: **43iCSB:mae 
ocTTyiT^g^r i   !      ,:. j J/AILL 27 November 1956 

3ubj:    Bane» Testing of Hydroduct and Hydroductor;  NB 23i*-00^, Nonr 1002(00) 

5»    Baaed on tk- foregoing»  it ir? r~coar.ended that v* defer the allocation of funds requ 
requested by Aerojet in reference (a)  tc continue Bang« Teating pending the results 
of xurther analysis preferably "by an impartial group«    Assisting sucii a group is es- 
tablished and should not approve the developmental approach by Aerojet ve could then 
plan a new program,  contact now facilities including personnel and attempt to advance 
the "State of the Art*  in certain areas of deficiency.    When this has been completed 
the b«sis for further -«evelopnent should bo more clearly established.     In the mean- 
time,  I  recommended the establishing ef the  technical ^roup mentioned and the with- 
holding of  funds for  thrt rang« Testing Brograa« 

■atTNNS 

,,,.,_,.,_„   A?l-E3   L*  2SARS 

DOD DIP 520«    ■' 

:'^\W\^ - .    ' mm 



IANDARD FORM  NO. 64 

Office Memorandum • UNITED STATES GOVERNMENT 
Hivl U UZAALL, /S\ ONR:463:CEB:jah 

TO   :  CDR «J. C. Roper '-j  ; „.„ ^T„_DATE: 26 Dec 1956 
DOWNGRADED lljf 2-YEAR INTOTM^ 

FROM :  C. E. Burns DECLASSIFIED Ari'ES 12 YK:-HS 

DCD DIR 5200,10 
SUBJECT:  General Discussion Concerning Hydroduct and Hydroductor Test Vehicles 

Hef  :  (a) BAR Azusa 1st end Ser 0885 (CONF) of 5 Oct 1956 forwarding Aerojet 
General ltr of 28 Sep 1956 Proposal #PW-68l7 to continue Range Testing 
of the Alclo Hydroductor under Contract Nonr 1002(00) with Code 1*63 

(b) Aerojet General proposal #F/*-68l8 for continuation of Research and 
Development in the field of underwater Propulsion Devices under 
Contract Nonr l8b3(00) with Code 429 

(c) Memo to Codo U63 file (CONF) dtd 31 Aug 1953 signed by C E. Burns 
outlining deficiencies of Eydrodu**ter Rs.52» 7V*Rt.iTMjr Program 

(d) COB- -act »6oar 244(24} (CONF) with C.I.T* entitled f,^ydroäynamic 
Problems Associated with Underwater Jet Prc!™Jl*i<*«M- 

(e) Memo to CDR J. C. Roper (CONF) dated 27 Nov 1956 signed by C. E. Burns 
Testing of Hydroduct and Hydroductor NR 23**004 Nonr - 1002(00) 

1. On Bee 10, 195© a meeting was held at Naval Ordnance Laboratory to discuss 
the subject test vehicles. 
Those attending were: 

Dr. Z. I, Slawsky Naval Ordnance Laboratory 

Mr. P. A. Thurston Naval Ordnance Laboratory 

Dr. A. E. Seigel Naval Ordnance Laboratory 

Dr. Carl F. Herzfeld Catholic university 

Lt. A. F. Kennedy Office of Naval Research (463) 

Mr. C. E. Burns Office of Naval Research (463) 

2. During this meeting the above group discussed general design of the Hydro- 
ductor in order to establish a basis for our continuance of the test phase of the 
program under Contract Nonr 1002(00) with Aerojet. Prior to this meeting 
rather complete Information concerning the hydroductor design as being developed 
under Code 429 Contract Nonr 1063(00) with Aerojet was turned over to Naval 
Ordnance Laboratory for review. None of the references were furnished the 
Naval Ordnance Laboratory representatives ©r Dr. Herzfeld as we were after their 
opinions not mine. After the general discussion a copy of reference (c) was 
circulated as a matter of general information as it did not affect the conclusions 

reached. 

^mmm 
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26 Dec 1956 

SubJ: General. Discussion Concerning Hydroduct and Hydroductor Test Vehiclea 

3« Among the items discussed at this meeting were: 

(a) Condensible versus non-condensible gas (technical not tactical) 

(b) Effect of depth on jet assuming constant velocity,, reduced velocity 
and increased velocity during its nominal range. 

(c) Effect of (b) on combustion rate of propellant and generation of gases* 

(d) Effect of (b) on rate of water supplied to burning propellant to 
form gases including effect of Yaw. 

(e) Probable advantages and disadvantages of the external condensing 
portion of hydroduct. 

(f) Probable launching and running velocity limits. 

(g) Choice of alclo as the propellant. 

(h) Effect of  external and internal finishes on reproducibility. 

k. 2Io minutes of the meeting were kept. It was however the general opinion 
that we should go ahead with a detaii mathematical analysis of the design for 
the present hydroductor configuration, considering several depths up to 500 
feet and a nominal launching velocity of 100 to 125 knots. Dr. Herzfeld sug- 
gested that it might be desirable to consider the condensible jet as the most 
advantageous tactically and the non-condensing the best for efficiency. 

5. Based on the reactions of the group Dr. Herzfeld suggested that he would 
like to present this to several members of the Physics Branch of Catholic 
University including Mr. John L. Lackier who may want to consider submitting a 
proposal to undertake the analysis. Later the same matter was discussed with 
DJC.  M. A. Cook of the University of Utah who is greatly interested in this 
problem.  He is going to discuss with his organization for possible undertaking. 

6. Pending completion of the proposed analysis it is recommended that Aerojet*s 
proposal to continue Range Testing be held in abeyance. 

C. S. BURNS 
Chief Engineer, Armament Branch 

DCD 2       ■ ■ 
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DOWNGRADED  AT  3-YSIR. niTERV^S 

DECLASSIFY; ;, ■   ,    ^    ^g 

21 May 1957 
CDR J. C. Roper DOiJ L>iR 52O0.io OUR 1463iCEBtep 

(A) 
Mr. C. £. Burns 

Underwater Rocket Analysis1 Contractor for 

(a) Mono to File from C. B, Barns dtd 31 Aug 1953 (MR 234-004), 
outlining suspected deficiencies of hydroductor Range Testing 
Brogram (CCKP) 

(b) Memo to CDR Roper fran C. E, Burne did 27 mm 1956 (2iR 234*-0Q4), 
recommending Analysis of HydroductoT by an Impartial Group (CORF) 

(c) Memo to CDR Roper from C. E. Burns dtd 26 Dec 1956 (MR 234-004)» 
concerning discussions with KOL and Catholic Univ Representatives 
(OOF) 

1. As you are aware, we have discussed the matter of having an impartial group 
study and evaluate the present hydroductor in order to determine its capabilities 
and to obtain information upon which to decide^iture support of the project. 

2. To date, OUR has expended the following in "Hew Underwater Propulsive Devices" 
Which includes the Hydroduct and Hydroductor 1 >u/w 

Code 429 - N6ori-10 General Project   13*287,655.00  ^VrwT^ 
(Ihra 26 Aug 1954) ^ ^ f /  / ¥ 

Code 429 - Konr 1863(00) Gen, Project      149,853.00 y^ 
(New contract thru 17 Dec 1956)   

Sub Total      3,437,508.00 

Code 463 - Bear 1002(00) Range 668,826.00 
Testing of Hydroduct and 
Hydroductor ______ 

TOTAL     ^,106,334.00 

VJithout attempting to go into a detail cost breakdown, a conservative estimate 
seems to indioate that the Hydroduct and Hydroductor programs have eoet OHR 
approximately 11,250,000.00. 

3. Our decision not to continue support of the Rang© Testing Portion of the 
Hydroductor Program was based on a review of the results, several conferences 
and the depth sensitivity factor. The latter factor, along with other items was 
mentioned in reference (a) and smanarlaed in reference (b). In line with this 
&iwuawö.on, we have discussed iuxoroajLiy some o±  tue wöcluixcal phases with several 
independent groups who might have an interest in analyzing the problem. Among 
these groups were »QL and Catholic University9 whose reactions are summarised in 
reference (c). SQL was too busy but interested while Or. Hersfeld wanted to 
discuss with others on the University Staff. Dr. Hersfeld actually made an 
unofficial proposal which was withdrawn as a result of some personal difficulty 

JÄIHBTÜMIL 
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Memo tc CDR Roper from !♦&% Barns 
Ret Underwater Rocket Analysis; Contractor for 

between Professor John L. Lackier and the Engineering Department Head wich 
could not be resolved. Later, Dr. A. M. Cook of the university of Utah and 
Htm  A. Ritter of Armour Research Foundation were contacted. The ferner did not 
show any great interest and the satter was droppod. Dr. Bitter who had been in 
GÜR and was quite familiar with the Hydrodnet, expressed interest and my meeting 
with his group in Chicago resulted in a proposal. 

4. The operational failures of the Hydroductor give evidence of technical 
deficiencies and the manner in which Dr. Hitter proposes to/Solve them should bear 
fruit. Actually„ the proposal made by them is proprietary as we had no hand in 
preparing the document. At the time ve contacted Dr. Ritter, it was understood 
he would like to study the problem and then decide upon a proposal directed toward 
its solution. 

5. My recommendation to go ahead with the study is based on a review of Dr. 
Hitter* s proposal which seems to cover all essential phases related to the 
evaluation. The results are expected to be useful in directing our future efforts 
in the Undert&ter Rocket Field. 

C, E. BURKS 

DOWNGRADED   AJ    • -Yh   -' ■<   ;re u   --••■   »-JixjijALS 

DECLASSIFIED A.;:±ii3 12 YEARS 

BOD DIR 52004a 

MM^I \n , ?r\ c\ n 



CCMTSUC? mSSJU        3onr-23S9(00) 1$ August 19$7 

The Contractor Hull conrtuet an investigation  and analysis of ajn underwater 
rocket.     Jhll   SÖF«   shall   include,. btt1   not necessarily be limited to#   the 
'Vi'tovingi , 

(1)    a© operation phas«,  which will  inclu■"  study ^nd analysis of the 
entire he*at cycle beginning with the Combustion sf   &&££ through the formation 
«nd dissipstion of the water Jttg 

{2}    s performance phase, whicn will Include swidgr of the vehicle shape, 
it« ©perability at various *ster depths  sad the 1 rone hing problem,  in orätr to 
p«reit evaluation of the present design with r+*p6eü to speed, range «id 
trejeeterri  and 

(3)    a suiPtfry phase which will  include consideration of improveiaertts, 
MÜ äfriiuss of  Jafl^l'?Mäh»  a-*ditionel r^se&rch end new concept? of underwater 
rockets»   . 



AIRMAIL 

(9h) 
DEPARTMENT OF THE NAVY 

OFFICE OF NAVAL RESEARCH 

WASHINGTON 25, D. C. IN REPLY REFER TO 

QRR;te9:3WD:fd 
Ser (*o 
10 January 1^5 

DOAT.GBADÜ.Ü - - • 
Br. A. Ritter .   L2 V£ARS 
Armour Beaearch Foundation   DE -,■;.-. 
10 West 35th Street 
Chicago, Illinois L' 

Dear Dr. Sitter: 

•This information is "being furnished in reply to your questions on the 
hydroductor submitted to Btr. Boxoff• 

As indicated to you previously, current exsphasis is an the external 
condensing hydroductor. Most or the latest data refer to this con- 
figuration only. 

Item lumbers, when used ia the following, correspond to those used in 
your list of questions. 

a. Item I» (3)» Ho measurements of thrust have "been laade fox- the 
vehicle under actual (free-running) operating conditions. Thrust and 
drag have been measured on the ring channel rotating boom--with pressurised 
steam admitted to combustion chamber to simulate results of alclo grain 
combustion (the nose hole was closed off). See progress reports of 
5 September and 1 October 1951 for net drag and thrust data. We know of 
no hi&fc velocity water tunnel capable of tests that will provide required 
conditions of pressure and velocity without -orohibitive wall effects. 

b. Item I. (5)* Gongwer claims that they do have numbers for 
specific impulse. Do you want these? 

c. Item I. (6). The problem of water entry into the stagnation 
intake is not considered overly serious. Ho measurements have been made 
to determine whether flow separation occurs at the intake of the missile. 

d. Drag measurements and thrust data, under simulated conditions, 
are available in the two above referenced progress reports, (i.e. for 
externally condensing hydroductor) 

e. C&rain length can readily be controlled to give controlled burning 
times and thus maintain thrust or velocity for desired range. 

f. Alclo grain burning velocity is a function of pressure and 
increases slightly vita increasing pressure. See Pig. 12$ in Aerojet 
Report 1106, ?ol. II dated 31 May X956. 



0HR:te9:9«:la 
3er (AB 
10 January 1956 

g. In all cases of recovered missiles, grain has been completely 
burned. Once started combustion, cannot be stopped—if grain wore in - 
coiBjxLetely burned at end of "flight", body of vehicle vould be melted 
dcwn by remaining undissipated heat of combustion» 

h. Actual chamber pressures under operating conditions are not 
available. Data from simulated tests appears in progress reports of 
September and October 1957. 

i< 3o data is available on velocity—distance—time and chasiber 
pressure of typical run. 

We hope this provides alLthe information you desire. 

Sincerely yours, 

A.  G.  LQHDQ0X3P 
Acting Head, Power Branch 
By direction of 
Chief of Savai Research 

Copy to: 
Code kC'j (Mr.  Burns) 

MIGRATED   AT   S-YEAR   IHIEKM1S 

DsrLASSIKIED  AFi'Ert 12 »EARS 

DOC DTK 5200.10 



STANDARD FORM NO. «4 

Office Memorandum • UNITED STATES GOVERNMENT 

,    v 0NR:463:CEB:bmw 
T0 *     File (/lj DATE: 28 April 1958 

FROM       : C. E. Burns,  Jr. 

SUBJECT:  Conference with Armour Research Contract Nonr-2389(00) concerning 
Hydroduct and Hydroductor Final Report 

1. On April 22 through 24, 1958 the following persons met in Chicago to 
discuss the preliminary draft of the subject Armour Final Reports 

Mr. R. Mindak ONR, Chicago, Illinois 
Dr. L. Ritter Armour Research, Chicago, Illinois 
Mr. D. S. Hacker Armour Research, Chicago, Illinois 
Mr. Paul Lieberman Armour Research, Chicago, Illinois 
Mr. C. E. Burns ONR, Washington, D. C. 

2. During the meeting, a large number of both technical and typographical 
errors were uncovered and several persons other then those listed were brought 
into the meeting to discuss particular items in the report for- which they 
were responsible. In particular the conclusions portion of the draft required 
revision both as to scope and content. Similarly the conclusions were too 
brief and did not clearly delineate the real differences between the Hydroduct 
and Hydroductor types of missile. Other errors of a technical nature were 
found, which in some instances failed to "jibe" with the conclusions and test 
data. 

3. Without attempting to ~o into further detail it can be reported that all 
of the group fully agreed that a comprehensive review and correction period 
was needed.  In addition the Armour group also agreed to include in the Final 
Report any other items which further study revealed as pertinent to the 
revised draft of the report. Since there was no disagreement as to the need 
for or scope of the corrections, Dr. Ritter was authorized to make the necessary 
revision and after a thorough review, released the report to the distribution 
list which had been furnished him. 

C. E. BURKS, Jr. 
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REFERENCE 0 

Armour Project No. Dlh3>   "Evaluation Of An 

underwater High Velocity Missile (Kydroduct 

And Hydroductor) dated May 1958 — Superseded 

by Report dated September 1958 

DOWNGRADED A! 3-*EAR OB»»« 

WCUSSITOB AFTER 12 YEARS 

DOD DIR 5200.10 

bU ONFIDENTIAL 



:    ' All/Armour Res.  Fttdn/jJ^ftMl) 
STANOARDFORMNO64 im 23^-ooe 

Office NleMorandutn • UNITED STATES GOVERNMENT 

(A) TO   : ONR Washington, Code 463  [       r     f DATE: 6 June 1958 

FROM : Physical Science Coordinator, ONR Chicago 

SUBJECT: Final Report from Armour on Hydroduct Evaluaticn project, 

1.  All errata sheet is being prepared by Armour.  The most glaring typing error 
occurs in the abstract; second paragraph, third line; the word decrease should be 
increase. 

2. I was disturbed by the fact that the trajectory was not touched.  I discussed 
this with Dr. Hacker and he said that a theoretical study was too costly, but he 
would say something concerning the measured trajectory in the letter accompanying 
the errata sheet. 

3. In general, I have mixed feelings about the report. Perhaps with the informa- 
tion available from Aerojet, the report could not have been written any other way. 
The one glaring point obvious throughout the entire report is the apparent woeful 
lack of  fundemental information provided by the Aerojet reports.  It is hard to 
believe that an apparent unscientific approach was used by Aerojet for so many years. 
An explanation may be that the reports tell only a small part of the story. 

ROBERT J. MINDAK 
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10 July 195Q 400j370jC^U;Ib 

To: Chief cf Hav&l Kesearch 
Office of Naval Hesearch 
Department of the Navy 
-Washington 25 > £*C« 

Attentions     Coda 429 

Via; Bureau of Aeronautics Representative 
AoroJ öi^< fcffior&l Corporation 
6352 Horth Irvindale .ivenue 
Assuau, California 

üubjeet*. Coaznents OR Kaferencs (b) 

Reference;      (a)    OM letter üMh429:üViD:cof Uer 01116, 26 June .1953 
(b)   AXBOUT Research foundation Report* "Valuation of An 

Underwater Ui&h Velocity Mieai.le (Hydroduct and 
liydroduetor)" « Contract itoiir 22ö9(0Q) 

DOWNGRADE*) AT Sä^XEAK -I&3EWA1B$ 

öOö ins SS05MM& 

1«     llie sub^oot repoirt of Reference (b) has been studied carefully by the people 
concerned on Contract ROnr 1063(00 )•    It has been found that the conclusions,, 
which are unfavorable to the h^droduct « hydroouotor project» are based largely on 
assumptions contrary to experimental evidence«   Jteriiapa the recent reports $&iob 
contain the more significant information were not available to the investigator»« 
Also 9 a search of our records indicates that & contributing factor say be that no 
investigator or representative from Armour has visited the project or interviewed, 
any member of ths project staff» 

2o It i3 respectfully requested that the Armour investigators be asked to con« 
tinu© their investigation by vial tint,' the project, end a most oordial invitation 
ia hereby extended for thorn to do as* 

iÜJÄJÜJjDT-OAiilAL CÜßl'ÖKAJjiOtf 

Original signed by Co A. Gcngver 
0« JU Congwe?« Manager 
Underwater undine Division 

cci    Office of Naval Rcse&roh, Pasadwia 
Oiegoff Distribution List 

2OT35IBT3AL 



DEPARTMENT OF THE NAVY 
OFFICE OF NAVAL RESEARCH 

WASHINGTON 25, D. C. <mimilffimg 
m 097-005 

N 1 6 OCT i95e 

AI» MAIL 

Mr. C. A. Gongwar 
Aerojet-General Corporation 
Asusa, California 

Qasr Mr«  Qongsert 

The Armour Hea^arch reundatien Report, a,]:.F. Project Ho. 2L45, dated 
^ay 1958» whish «s forwarded to you by our letter 5er 01110 of 26 June 
1958 has been superseded by a new report dated Septe&ber 1353« 

It is requested that your copy oi  the original AH/ report be returned so 
that it may be destroyed*    As stated in the MR Surface Branch letter to 
you of 29 July 1358, two copies of the new report will b© furnished you 
for review and consent as soon as the earlier copy has been returned« 

Sincerely yours $ 

F. C. HXKSHKR 
iisad. ?&mr Branch 
!*«• direction of 
Chief o£ Naval Research 

Copy tot 
OHR Pasadena 
BAH Asusa 
Mr« C«    E. Burns   (Code 463 



■TAMOAMO FORM NO. 64 

Office Memorandum • UNITED STATES GOVERNMENT 
/$! ONR2U63:CEBjbmw 

TO    : File 
L  ' DATE:  &, July 1958 

FROM    :   c. E. Burns,  Jr. 

SUBJECT:   Memo of telephone conference with Dr. Ritter concerning Contract 
Nonr 2389(00)  on 2k July 1958 concerning Final Report 

1«    On 2U July 1958, Dr. Vincent Gushing of the Armour Research Foundation 
visited this Office to discuss difficulties which had arisen due to the 
release of a apparently uncorrected and unrevised final report prepared under 
the subject contract.    It was evident that the recommendations concerning 
corrections and revisions agreed to during a previous meeting in Chicago in 
April had not been met and that somehow or other the final report had been 
printed and distributed without corrections or revisions.    This was a rather 
untenable position which the writer of this memorandum considered must be 
rectified at the earliest possible date and in a "clean cut manner". 

2.    During the discussion with Dr. Gushing, we mentioned the errata sheets 
which Dr. Ritter had proposed to issue.    He had seen these errata sheets and 
considered them unsatisfactory and suggested that we set up a telephone conference 
with Dr. Ritter in Chicago.    This telephone conference with Dr. Ritter in 
Cnicago,  Dr. Gushing, and the writer in Washington resulted in a decision 

together with any errata sheets which had been sent out.    Further a revised 
final report was to be prepared for Armour Research and would be fully reviewed 
by Dr. Ritter!s group before release.    On this basis and with assurances from 
Dr. Gushing and Dr. Ritter that the final report would be carefully documentated 
and reviewed we agreed to its issuance to replace the original report. 

C. E. HJItNS,  Jr. 
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I.   OBJSCTIVE 

Range tests of the 4.5-in. Alclo hydroductor test missiles are being 

conducted to determine velocity, range, trajectory, depth sensitivity, dis- 

persion, and other ballistic characteristics. The recoilless gun launcher is 

being used for these tests to determine whether this method of launching the 

hydroductor test missile is satisfactory. 

II.  RANGE-TEST PROGRAM 

A. Two checkout test firings were made of the short ballistic range 

in the ring channel, using a previously fired hydroduct test missile (see 

Figure 1 of Aerojet Report L28l5-^2)e For these tests, the Alclo grain Igniters 

and the gas-generator primer in the recoilless-gun launcher were fired simul- 

taneously; ignition of the Alclo grain was satisfactory in both tests. The 

test missile hit the ballistic recovery on the vertical center line in both 

runs and was recovered in a reloadable condition 8 in. above the horizontal 

center line for Run No. k,   and 11 in. below the horizontal center line for 

Run No. 5. 

B. Time-distance data were not obtained for either test firing, as 

the plastic coating around the loops was damaged and did not properly shield 

the ceils* To avoid delaying the program, the tests were run with this part 

of the instrumentation inoperative. The loops will be reinforced with aluminum 

angle so that they will not bend when handled and then recoated with plastic. 

The Berkeley counter-loop system is very sensitive, and stray signals from 

the underwater light circuits will trigger the. counters when the loops are 

not adequately shielded. 

C. The cause of malfunctioning in the two tests which were reported 

just previous to this report period has been determined. A mechanical inter- 

ference had developed between the center pressure pickup (used to measure 

barrel pressure) of the recoilless gun launcher, which resulted in the bore of 

the gun launcher being deflected when the pressure pickup was screwed into 

position. The clearance between the piston body and the barrel of the gun 

launcher was not adequate for the piston to slide through freely. This 

condition was remedied in Runs No. k  and 5, and the test missile had a straight 

CONFIDENTIAL Page * 
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flight« From the hish-cpeed notion picture film on Run No, r),   the average 

velocity of the missile was V$K ft/ccc between Loops 3 and k. 

III. WORK. PLAINED FOR 1JEXT REPORT PERIOD 

A. To provide adequate shielding the loops will be reinforced and 

recoated with plastic. 

B. A hydroductor test missile will be prepared for test firing on the 

short ballistic range, inasmveh as the instrumentation, camera equipment, and 

launching technique appear to be satisfactory. 
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