
UNCLASSIFIED 
 

AD NUMBER: 

LIMITATION CHANGES 

TO: 

FROM: 
 

AUTHORITY 

 

 
THIS PAGE IS UNCLASSIFIED 

ADB966248

Approved for public release; distribution is unlimited.

Distribution authorized to U.S. Government agencies and their contractors; 
Administrative or operational use; 28 Mar 1946. Other requests shall be 
referred to Naval Reseach Laboratory, Washington, DC 20375.

ST-A PER NRL (Code 2627) ltr, 5 Dec 1990.



UNCLASSIFIED

AD NUMBER : X .'X ;-X !

But Afg

^ f CL^SinCATION CHANGES •

FROM

AUTHORITY
({L CcoJe ITt,

THIS PAGE IS UNCLASSIFIED



flTllJ'.flLE ^
I •> >

• 1-/^ ■ ^•i /

Copy -^‘A' 

'(?
March 28, 194^

RECLASSIFIED BY AITTHORITT CF 
Code 207 Itr Ser. 207-23 
dated 3/20/59 . - tz
By BuShipa Code 238.>.v............ ..
Date: 3-53-59 (Signature)

00
CSJ

MaiORANIfUM TO DIRECTOR

CO
CD
CD
CO

Ia
<

ATOMIC ENERGY SDK^ARINB

DTIC
EUECTEj
DEC 1 6 1987s

Dr. Phillip H. Ahelsoh, Head, Special 
Research Section

Robert E. Ruskin

Chad J. Raseman, Lt. (jg) USNR

Approved by;

Dr. ROSS Gunn

Eleotrlolty Division Naval Researon Laboratory

tage a of 27 pages, pl\is a-c 
Copy 1 of 6 copies

^7 /a- ‘7 (93<7l^



• t 
TABLE OP' CONTENTS 

Part I. General Considerations 

l. Summary 
2. History or Project 
3. Present Project at Naval Research Laboratory 

(a! Separation ot Isotopes 
(b Research on New Methods ot Isotope Separation. 
(c Survey ot atomic-energy Submarine 

4. Conclusions trom Naval Research Laboratory Survey 
s .. Proposed Design 
6 Proposed Program 
7. Recommendations 

(a) Establish Task Force tor overall Project 
(b) Request High Priority tor Energy Work in 

Manhattan District 
(c) Request Presidential Directive to Permit 

Greater Manhattan-Navy Cooperation 
(de) Authorize Construction or Suitable Hull 
( ) Provide Facilities and Men 

Part II. Design or Submarine 
1 Aco sslon For 

1. In~duction r ---
2. Description or Cycle ~~~s T1s A&I D 
3. Description ot Equipment unu mo~c d □ 

(a The Hull I J 1. "1co 10 (b The Atomio Pile .....__ __ _ 
(o . The Potassium-Sodium Alloy (KNa) : ------
(d The Heat Exchangers I Y 
(e The Turbine , D1s t r1 ution/ 

( t Condenser r v 1l b111 ty Codes 
(g Auxiliary Drives , , v 11 and/or 

2 Creeping Motor I !ll Main Motor-Generator u ti t spec1 1 

3 Auxiliary Diese.l-Generator ,i ? "1 
(4 Batt~ry Room l><--' 

--.,-'-::---~...,-J:,..,..,.,,...,..,.,..._,__, 

4. Installation ot Bquip!llent \I. A , • lJ . 
(al The Pile Installation 
(b The KNa-Water Heat Exchangers Installation 
(c The Turbine and Pump Installations 

5. Operation of the Pile 

Part III. Calculations 

l. Comparison between Walter Cycle and Atomio-»owered 
Submarines. 

(a) Power Comparison. 
s ee of 7 paces, lua a-c 

Copy l of 6 copies 



. . 
• I 

,b) Detailed Li st or alter Cycle Machillery to 
be Removed trom Walter Type 126 Hull 

(o) Summation ot all Equipment to be R moved 
trom Walter Tn,e #26 Hull. 

(d) Weight Comparison between Walter Cycle and 
Atanio-Powered Submarines 

2. Calculation of Pile Weight and Size. 
3. Maohinery Weight and Size 

(al Turbine 
(b Area ot Heat Bxohangers 
(o Pumps 
(d Removal of Main Diesel Engine and Surplus 

Fuel 011 trom Type /1-26 H\lll 
4. Calculation of Heat Transfer Coeftioients 

(a Sensible Heating ot Water 
(b !Na outside or Tubes 

lo Liquid-Liquid Coetticient 
d ?lashing Water Coetticient 
e Superheating Coettioient 

(t 0V r 11 Heat ranster Coefficient Summary 

Part IV. Design Sketches 

Plate I 
Plate II 
Plate III 
Pl ate IV 

llow Sheet tor Atomic Power Pack. 
Power Installation. 
Shafting and Gearing Sketch. 
Type 26 Walter Submarine Sketch. 

Pae c of 7 pares , ~lus a- c 
Copy l of 6 cories 



• 

PART I 

GENKRAL CONSIDERATIONS 

l. Sunmarz 

A technical survey conducted at the Naval Research Lab

oratory indicates that, with a proper program, only about 

two years would be required to put into operation an atomic

powered sub.marine mechanically capable of opertting at 26 to 

30 knots submerged tor many years without surtHoing or re

fueling. In five to ten yea~s a submarine witl probably 

twice that submerged speed could be developed. 

Design and calculations are based on known performance 

and power requirements ot the "Walter• submarines. The 

principal research and development work needed immediately 

tor this program is to perteot an atomic pile designed tor 

this power application. 

2. Hi otory ot Project 

The Naval Research Laboratory has had tor a number ot 

years a project on "SUbmarine Submerged Propulsion• and also 

a series ot projects on uranium p paration and isotope 

separation. As early as 1939 it was realized by Dr. Ross Gunn 

ot this Laboratory that energy trom Ur ium 235 should eventuall 

be applicable tor submerged propuls i on. Accordingly, work 

toward this ultimate objective was begun in 1940. The Bureau 

ot Ships since that time has oontinuallY maintained a projeot 

at the Naval Researoh Laboratory working toward ultimate 

deTelopment ot suoh a propulsion system. For the past several 

years the work on submerged propulsion sy tems them.selTes has 

been deterred tor the necessary pr liminary work on Uranium 

iaotope separation. 

During the war the decision was made .to divert temporarily 

the NaYy Uranium project from its original objective ot sub

marine propulsion to the more i~diately urgent ork ot com

pleting an atomic bomb. This d o1s1on has since proved to be 

fruitful inasmuch as the completion ot the atomic bomb was 

aided. 81.multaneously the Manhattan District contractors, 1n 

develo~ing the Plutonium piles, hav 1 arn d nougb about 1 es 

Pg 1 of ? pa s , lue - c 
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so e an energy 11 or val u 
le d ei r t or pp 1cat1on 1 
t an would o h r,,•is have b en th 

oul r quir much 
su marin ropul sion 

• rojeot at Naval Rs arch Laboratory 

In ord r to evalua t e the pres nt stat of development or 

the atomic energy field and to tormulate program tor ex

peditious completion or a working submarine, Rear Admiral 

T .A. Solb r of the Bur au or Ships, Dr. Ross Gunn and Dr. 

P.H. Abel on ot the aval Research Laboratory, have visited 

parts or t he Manhattan District proj ots at Oak Ridge, Chicago, 

and Hanford. Dr. Abelson has spent the pasts veral months 

working at the Clinton Laboratori a, Oak Ridge, as the Navy's 
only representative in power work. Based on our earlier 
studies and influenced by the visits thus made, thr e 
projects hav been going forward at the Naval Research Lab

oratory as follo s: 

(a) Separation ot isotopes ot various metals tor 
construction of more ffici nt atomic piles 
tor Naval use. 

(b) Research on new methods of isotope separation 
tor posuibl las expensive methods or con
centrat~ .. ng u235 tor atomic nergy use by the 
Navy. 

(c) Surve1 or problems and engineering analysis 
involved in the design or an atomic-powered 
sub~ne . 

Due to the uncertainti sot atomic nergy legislation 

pending in Oongress, the principal expenditure o! tunds tor 

material so tar bas been in setting up equipment tor (a) and 

(b) above tor a flexible program such that the research to be 

performed using this e quipment can continue to produce useful 

results regardless or what legislation may be passed; viz., 

the same setup can be used tor (1) tracer studies in metal

lurgy and medicine; (2) atomic pile structural materials with 

presently unavailable nuclear characteristics; or (3) separa

tion ot Uranium isotopes, depending on what restrictions are 

imposed as a result or Congressional legi slation. 

Conclusions from Naval Research Laboratory Survey 

In connection vdth the suboarine survey of (c) above and 

in order better to anal yze the probl ems involved in developing 

an atomic-power d submarine tor hi gh speed lon range submerge, 

use, a suggested design has been worked out and is presented 

later in this report. As a result or this survey the con
clusion has been r ached that a submarine 1th an indefinite 

- 2-
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range, ubm.er d at a s pe d or 26 knot or hi er, can be 
dev loped, built, and r ady t or operational tests within 
about two years provided: (1) su.r iclent priority ls given 
thia work by tb N vy, tbe President, and tbe Manhattan 
Diatriot; and provided: (2) that tbe present cooperation 
between tbe Manhattan District an the Navy is expanded some
what to permit greater emphasis on and Naval participation 
in design and construction ot a Uranium pile ot proper 
char cteristics tor this application. 

It is estimated that the atomic submarine herein pro
posed oould be improved in tive to ten years suob that it 
could operate tor sustained periods at submerged speeds ot 
torty to sixty knots or higher, using a jet system for pro
pulsion. This development would require radical modification 
or hull design an many mechanical features that are at 
present untried, hence ould require extensive research. 

5. Proposed Design 

In the design sketched in the present report, principal 
emphasis has been placed on conservative design, using 
presently available, well-t sted equipment as tar as practical. 
On this basis the only hulls available at present tor sub
merged speeds as high as 26 to 30 knots are those of the 
Ge?m8J1 "Walter• submarines. These hull designs oan undoubtedly 
be greatly improved, but to wait until this is accomplished 
would lose considerable time during preliminary design, test, 
and construction. A submarine patterned atter the Type 26 
Walter submarine, tor example, would require only minor hull 
alterations and could retaill intact much ot its machinery 
as designed including the Diesel lectrio gear tor standby 
power. The hydrogen peroxide storage ~anks beneath the 
pressure hull could be converted to mount the Uranium. pile, 
heat exchanger system, condensers, and pumps. 

6. Proposed Program 

Assuming that a submarine ot thia design oan be obtained, 
the principal research and development program needed is in 
perteoting a suitable pile, and investigat1Jlg the heat-exchange 
and handling oharaoteristioa ot certain suitable tluids, 
including liquid alloys ~t potassium-sodium. It is proposed 
that these two programs be initiated immediately. At the 
proper stage in their advancement, the two could be combined 
in a shore teat installation tor endurance and control runs. 
81.multaJleously the rest ot the submarine could be entirely 
titted and moWltinga arranged tor allot this power plant 

quipment. Little time would then be consumed in installing 
the pre-tested pow r plant and starting operational t sts. 

P e .3 of 27 pag s, lus a-c 
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R commendations 

(a) It is reoommended t hat the avy obtain authority and 
support tor establishment ot a high priority project 
with a special "task toroe" su.ttioiently informed on 
all phaaee of the problem to supervise and coordinate 
the oTer-all project or research, development. con 
struotiob. and test or an atomic-powered submarine. 

(b) Request the Manhattan District to give high priority 
to an energy program adapted to the submarine needs 
with participation ot a team including halt a dozen 
highly competent Naval scientists and engineers. 
l"ailina this: 

(o) Request a Presidential directive to permit tu11 mutual 
cooperation between the scientists ot the Manhattan 
District and the Navy as needed to develop and operate 
8Jl 'a tomic power plant tor Naval use. 

(d) Authorize the design and construction ot an w sub-
mar1 e hull and machinery suitable tor the exploitation 
ot atomic power in aooordance 1th the requirements 
of the research gro~p responsible tor this project . 

(e) Provide tacilities and ccnpetent men to permit: 

(1) Development ot an atomic . pile beat exchanger 
system with all controls t-e~Naval use. 

(2) Construct a suitable submarine as above. 

(3) Carry out research projects as necessary, 
including work on heat-exchange media, salt 
water evaporators. steam j ts, eto. tor high 
submerged speeds. 

-4-
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PART II 

D.ISIGH 07 SO'BllARID 

1. DPl'BODUC'l'IClf 

Ia th1• report, a ayatem is proposed tor the utilizatio.11 
ot atoado •••r11 to pr~l nual veaaels, Yi z. aubmari.nea. 
The 8Ubllari.De waa ohoe•A because it is believed that it will 
be bf tar tbe beat Y••••l to operate 1n seas threatened with 
atoalo wartare. 

The atomic powered aubmarine in this report ia designed 
to operate at 26 knot• submerged to·r manr years. As a oom
par1aon, -the radiua ot operation ot the Walter Type 26 under 
a1ailar oon41tio.ne 1• 144 ail••• The power unit requires .110 
added tuel or oxygen, and personnel oxygen could be replenished 
bf eleotrolyaia or ·chemical methods. 

It should be remembered that the 26 knots proposed is 
aerely a beginning. With better power conversion, macbiner, 

# and hull design, there ie no reason why the speed should not 
go up to approximately 40 knots using screw propellor1. 
Beyond thia speed, combining atomic power with jet propulsion• 
11&7 prOTide speeds well ov r 60 koote. 

To tun.otion ottensivel1, this tast submarine will 
eerre aa an ideal carrier and launcher or rocketed atomic 
bombe. 

The cbaracteriatics ot the atomic power pack appear 
to be ao much better tha.o. any other method ot propulsion 
tor eubllar1nea that it is believed a research and develop
mental. program should be eet up soon. 

IIISORIPTI ON OF CYct:I 

A aohematic diagra (Plate I, titled, "l'lowaheet tor 
AtOld.o Power Paok") ot the 0101• ehow• the whole ayat• to 
be verj eillple tor deaign and operation. 

The atOJllio pile 1• the heart ot the whole power unit 
wheN the e.11ergy ia generated. Potassium aod.iwa alloy 1• 
recirculated through the pile to piok up thenaal energy and 
thia allo7 1• then pumped through heat excha.llgere to pa■• 
1 ta heat eneru to water which 1• pumped through the other 
aide ot the beat ezohanger1. 

-5-
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The ater 1 con erted to hi h pNssur, superheat d 
., ... ud th•n pe.• ed into tw high ap ed turbines ot 

. 1150 B.P. ea h whioh are gear.d to the propeller ahatt. 
tiGII the tur~1n• the steam 1a led to a condenser where it ia 
n\umed to the liquid state and is ready to be recycled 
\hrough the heat exchanger,. 

D:&SC ON 01 BQ.UIPMINT 

(a) '1'IIB HULL 

Since t-1,a submarine was to have a spee ot 26-30 
Jcnota it waa decided to base this design on a hull the 
Germans had drawn up tor the Walter Type 26-U-boat. Much 
valuable information has been obtained trcm studying the 
u.s. Naval Technical Mission in Europe reports concerning 

• theae high speed U-boata. 

(b) THE ATCldIC PILE 

The Type 26 Walter boat was designed to obtain a 
apeed or 26 knots with one 7500 hor epower turbine. With 
the horsepower requ1Nment determined, the approximate size 
ot the atomic pile was tixed by making the following 
assumption: One cubic toot ot pile core can generate 
apprm1mately 950 B.'l'.U. 's per second. The pile OON must 
be surrounded by about three teet or shielding to absorb 
harm.tul radiation • 

Thie shielding will probably be or a laminated nature 
consistill8 ot alternate 3-inch layers ot iron or lead and 
water. When the pile is at full power output, which also 
is the time or greatest readiation generation, ~a shielding 
will protect the crew trom any dangerous radiation. 

(c) THE POTASSIUM-SODroM ALLOY (KNa) 

Thia alloy has been considered but never used as a 
heat tranater medium in a large installation.• It has many 
properties that make it seem at the present the most useful 
agent tor power pile operation. 

The a:101 is a eutectic mixture ot potassium and 
sodium. It 1s a liquid at room temperature and boils at 
approximately 14000,. It is somewhat lighter than water 
and has a high specific heat. An organization has been 
oontacted, the Kine Satety Appliance Co., that has produced 

*DuPont Report on Sodium 
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thou ands ot t ons or the KNaalloy. The alloy can be moved 
1th or dinary pumps 1th standard pc ing and, int ct, 1 

poured from buck Jt to hucket in the open air. 

The reaction that one would expect when KNa and water 
are mi.Xed, whi ch would occur in the heat exchangers it a 
leak developed, 1s not hazardous it oxygen is absent. There 
is only the rapid evolution ot hydrogen and beat.• A pacifying 

agent tor thi reaction may be found, and it not, the system 
ca.n be designed to minimize danger trom all possible mishaps. 
Under operating conditions the pressure or the KN will just be 
enough to overcome the pumping beads. The KN sy9tem should 
be designed to be sate at pressur~s higher thin the steam 
system. 

The alloy cannot be decomposed and also satisfies 
certain neuclear qual ifications tor proper pile operati on. 

( d) TlIB HEAT EXCHAlI ERS 

The heat exchangers should be constructed or nickel and 
be ~esigned to take care of pressures and temperatures developed 
it a leak should occur between the KN alloy and the water. 
This will probably require pop-ott v;fves tor the alloy set 
at a pressure higher t han those ot the steam system and 
connected to blowdown tanks. The exchangers and all equip-
ment handling the KN8 should be ot welded construction. 
Should a large leak occur in the KNa heat exchangers, the 
high pressures eam will leak into the KNa system until the 
reaction with the alloy produces a _pressure higher than that 
in the steam system. At that time the KN8 will start leaking 
to the steam side, produ~ing a pr ssure increase due to 
hydrogen formation. The steam pop-ott valve will then blow 
ott the excess pressure until t he reaction ie stopped by 
shutting down this seotion ot the heat exchanger. Operation 
can still continue at 20 knots on the other section until 
repairs are made. 

he heat transfer coeff icients tort e~e exohangera 
should be determined experimentally, but the alloy's thermal 
properties are so good as compared to water that most ot the 
resistance to heat transfer is in the water film. 

(e) THE TURBINES 

The main features or t he turbines used in th11 system 
should be their ability to be operated remotely and with 

•conference Report with Dr. Jackson, ot the Mine Satety Appliance 
_
7
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little o o 1ntenanoe. The turbine used in the alter 
U-bo ta aboUld o• studidd as they had to tunotion in B 
aeal d turbine roaa because ot the danger ot leaking o rbon 
d1ox14• a.ad carbon monoxide. 

A gear d turbine dri Te 1• used to aaTe weight and space 
b7 el1.ainat1ng large eleotrio generators and motors. 

( t) OONDKNSBR 

The oondenaer tor thi design was assumed to operate 
at 15 p.a.1.a. instead ot a Taouum tor two reasons: One, 
to keep the laat stages ot the turbine and the size of the 
oondenser small; two, to prevent the leaking or air into 
the water ayatem through hotwell pump glands, eto. Thia 
air would have to be remove4 to prevent oorrosion and 
would tend to "sweat" the atmosphere ot the submarine. 
HoweTer, 1 t ia realized that the oondenser abould be op•• 
er ted at a Taouum and he above objections overo e • 

. ) 

Since the submarine will probably be operate~ at 
1000 te t the oondenaer must be designed tor this pressure. 
The sea water ia torced through th!~oondenser by scoop 
action ,.n the same manner as the Wmver Type 26. 

(g) AUXILIARY DRIVES 

In addition to th two 3750 horsepower turbines this 
submarine will have all the variable drives the Walter Type 
26 baa except that the main 600 horespower Diesel has been 
removed. 

(1) )4ain Motor-Generator 

There ia a main motor-generator (1) that ia 
always 1A operation when the turbine is running as it turnishe• 
power tor the auxiliaries, i.e. pumps, in the power cyole. 
The main J10tor (1) has a continuous rating ot 421 horsepower 
at 220 V, 1530 A and 670 revolutions per minute. It has a 
1 l/2 hour rating ot 535 horse .. er at 220 V, 1950 A a.nd 725 
reTolutions per minute. The n motor (1) will produce a 
submerged speed ot 10 knots with coupling (2) connected and 
the rema1:iiD.g coupling dieoonnected. 

When connected to the turbine the main 
generator has a oontinuous rating or 299 horsepower at 
320 V, 390 A and 1770 reTolutiona per minute. 

-8-
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2) Creeping Motor 

The creeping motor (3) ha a rating ot 
70 horaepower at 320 V and 334 revolutions per minute. It 
0&11 produce c maxinwm submerged speed ot 4 knots 1th 
ooupli.Dg (4) oonneoted and (2) diaoonneoted. The motor 1a 
ooueoted to th shaft by means ot the V-belt dr1 e (5). 
1J1,11 •uoh an arrange1aent it is reported t hat exceptionally 
allent !1Jlderwater propulsion is achieved. 

(3) Auxiliary Diesel-Generator 

A 350 horsepCMer auxiliary Diesel-Generator 
w:dt (6), (7) is proY14ed tor propulsion and battery ch rglng 
in th• nent the pile ia incapacitated. 

(4) Batter, Room 

One battery room is left in the subipr1ne to 
handle emergelior propulsion and electrical needs. This 
batter7 has 62 oella and will dri•e the submarine 100 miles 
a, 4 knots s~burged. 

4• .. rNST,lLLATION 01" B KBN'l' 

(a) THI PILE INBTALLA.TI Cli 

The pile and its shielding can be quite nicely titted 
outside ot the pressure hull along the keel ot the submarine. 
IA this poa1t1on the pile c&Jl be readily changed in drydock 
wl~ .ou.t 41aturbing the pressure hull. It ia not necessary 
that the pile core be~ cube and this allows the streamline 
tol"II ot the outer hull to be retained. Although shielding 
1u.rroUDda the entire pile, special attention would be 
applied to pron.de proper ahielding between the pile and 
,.reonnel. 

(b) l'JI! llla•W,ATER KUT KXCHANGERS INSTALLATION 

The Da•Water heat exohangera should also be situated 
,etween ti- preaaure hull ud the outer hull. In this 
poa1t1on the radiation ahielding required would be a mini.m.Wll, 

u4 u.1 ill&jor reaction between J;lff and water due to battle 
4-s• leak•, ooald be aore rea41 r dissipated. 

'1'BI TURBID AND PUMP INSTALLATIONS 

and other rotating pieoea ot equipment 

-9-
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uoh a the KN8 
pump and the re d t r p pa should be 

in talled o tat they can b ervioed bf te control. 
This r te aeM'ioing bas had a great amount ot deTelo ent 
and is commonly pertormed on plutoni plant equip nt euch 
a cen ritug • pumps, eto. 

In the design caloul. 10,1>.a tor t I report all 
pumps and turbinea .ar sappli~d 1n duplicate 10 t hat 1n 
ca e ot a tailur, the Teasel could continue operatioA 
on halt po er. The speed at halt power would be appro:xi.Jllatel7 
20 mots. Servicing can be done hen the pile 1• not operat
ing. All equipment t hat is subject to radiation can be ap
proach d olosar a short time atter th pile 11 secured, in 
that the amount ot radiation drops almost 1:mmediat 17 io 

l ss ~ an one per cent ot the ount ot radi tion g1Ten 
ott bile operating. 

OPERATION O!' THE PILI 

The op ration ot the pile can bat b xplained bJ 
quoting the Smyth report: " •• the moet etriking feature 
ot the pile i the s1mpl1oity ot operation. oat ot the 
time the operator~ have no bing to do except record ti.. 
r ~adings or variou instruments••••· the pile pertomanoe 
ot June 1944 considerably xoeeded xpectationa. In•••• 
or cont rol, steadin as or operation, and absence ot dangerous 
r diation, the pil has been mosts tistactory." 

-10-
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PART III 

O.ALCUL.l.TIO 

l. Oampari o r Oyol• a.nd At o powered Su rtn••• 

( ) Power OogarlaOll 

Au:z:Uiarz 

1. CO2 oo pres or 

2. Triple pump 

3. Cood n• te pump 

4. KNa pump 

5. CO2 gland pump 

6. r edw ter pump 

7. 011 oooling pumps, eto. 

8. Gearing losse 

9. ton of power tor 
aux111ar1 a and gearing 
loa es. 

10. Shatt hor e~ower (7500 HP 
minus uxil arles and 
gearin loses) 

-11-
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(b) 

6 

7 

C taly t chamber 

Combustion chamb r 

ry to be Remo ed 

!a· 

580 

550 

8 (Leave sep rator in) 

14 

18 

19 

20 

21 

23 

28 

29 

30 

10 

l 

2 

3 

Th ay pump (Ingol ne fuel H20) 
(Must repl oe 1th boiler te d p 

Propo tioning d vies 

ain condens r 

Condensate pump (mu t repl e) 

Cond nsate cool r ( coop type) 

co2 compr ssor 

Gas p rator (tor Ingol n) 

) 

Devic tor recording Ingolene consumption 

Ingol ne ag 

Turbine xhauster ( tr ring type) 

otor tor turbin gland exhaust ·(it m 10) 

otor tor tbr e-way pump (it 14) 

otor tor oonden ate pump (it m ~O) 

150 

170 

1,800 

780 

7,200 

900 

20 

50 

85 

320 

520 

745 

710 

14,580 , or 

32,100 lb 

f l o 7 pa ••, plue -c 
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(o) t.ion ot all Equipment to be R d trca Wal er #26 HUll 

Te no l tu 1, w r, Ingolene ratio 11 

125 short ona ot In olen 

12,5 abort tona ot tuel oil tor 
alter 0101 

lt r 0101•" ob1ne?7 

250,000 lb 

25,000 

32,100 

600 »,.p main die1el 50,000 

n dies 1 tu l oil 44,000 

Total 401,100 lb 

1: 10: 10 

(d) eight Oo ~ari1on b tw and Atomio Po eNd 
Submarines 

Pile eight 

Anoth r turbin tor twin oper tion 

Cond nser 

a- ter H at oha.n r, Liq-Liq. 

KNa- at r Heat chan r, auperh ter 

pumps 

"t dwat r pumps 

Cond ns te bot ell pumps 

Total 

Operation 

l30,370 lb. 

5,500 

11,000 

3,000 

2,350 

5,000 

8,000 

5,500 

,;t/0,720 lb 

Weight removed trom 
ight added tor pil 

lter s1atem .... 401,000 lb 
system ......... po,720 

Add d positive buo1an0J ........... 130,280 lb 

• Th circulating fluids 1.n the to syst ms are assumed to b ot 
ap roximatel1 the ame wight. 
The eights ot unlisted items, i.e., piping, are assumed to be 
th sam tor both systems. 

-13-
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2. Cal.cul tion ot Pi eight and S1z 

t 7500 h.p. turbine. 7500/.65• • 11,530 h.p. • 8,600 
pile. Ther tore, her hould b approxima el7 8.6 cubic 
te tot pile core. e core: l' x l' x 9' • 9 oubio 
t• t. 1th 3 toot thick Shi ld1ng: 

Shielding W • • [(15•x8•x7•) - (9'x2'xl' )] tt3 276 •2 lb • 227,000 1 
tt3 

Shi lding to be lamiaat d iron and water. :Kach in thriae 
inoh lay r. lor w 1ght c loulations the shieldug taken 
to be a heterogeneous mixture ot iron and w ter and weigh.I 
276.2 lb/tt3 J which 1• •P oitio gre.Tit7 ot approximatel7 
4.42 . 
.lseum core to requir 6• on two sidee for d r ork, etc. 
Core eight• (9x2xl)tt3 62.4 lb (3)/tt3 • 3370 lb. Tald.n 
core sp. r. to be 3. Thie inolud piping, controls, eto. 
Total pil wight• 30,370 lb. 
0V rall dim nsions (with hi ld1ng): 15•x8•x7•. 

Slz Cal.cul tlons 

(a) Turbin 

Plan on using Walt r Typ 26 bull. 

h.p. • '1JJ2/3 T3 (wh r K • oo t., D • displ o nt in 
tons, T • T looitJ 1n knota). 

h.p. 7500 
E • r,2-/3 T3 • (1050) 2f3 (24)3 • 

7500 - .0052 
(103)(14000) 

2 - 3750 h.p. turbin s uaingo.!500 psi, 900°y at am 
x.hauating to 14.7 paia, 212-,. 

2546 
1f t r rate (h.p.), WRh p • --------- whe-

• • (B - 8x) R •• 

B • 1.nitial ent lpy, Bx • final 'nthalpy, and 
• ett_oienoy. 

WR • 2546 • 9.34 lb• eaa 
h.p. (1440 1020) (.65) h.p. - hr 

Ste NqU1Nd • 7,500 b. • (9.34 lb ) • 70~000 lb/ 
h.p.hr 

• Turbines g n rall as d to h tt.ot pprox. 65~. 
, lu - c _
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chap.gen 

Liquid-Liquid (Sen 1bl B at) 

KN 1000°1 ________ XNa 600°1' 

> 

6oo°J wat r 212°1' at r 

Lo aritbmic ean temp r tur ditt reno : 

t • 

S n ibl h t: 

1'lashillg ot 
wat r: 

-

XNa 1500°1 

P 15 of 7 es, lus a-c 

___.li;;.;2 ___ • 12 ---· ln 400 
~ 

1D. 1.03 

hr Q •bat transterred. 
U • ov r 11 he t transt root 
A• ar a ot he ting aurtao. 

• (70,000 lb) 432 Btu tt2 hr o1' 

hr 1030 Btu lb 405o7 

• 70,000 lb 556 Btu tt2 hr 0 1 

hr 617°1 lb 695 Btu 

Sup rheating Area 

copi a 

-15-



• 

• 

t • 

J. -

600 - 300 

hr 600 
300 

Q, -

- 300 

hr 2 

70,,000 lb 262 Btu tt2 hr 0 :r 
570 Btu h.r lb 433°F 

A• 74.2 tt2 

Condeos r Area and. Siz 

A • 
Q, • 70,000 lb 990 Btu tt2 hr °r 

hr lb 500 Btu 132°r 

A• 1050 tt2 

20" nom. dia., (995 + 62) • 1057 tt
2 

Length • 1'9' 6" 

Shell dia • 23-3/4", dia. 1th nozzles• 37-1/2" 

Wet wt• (7505 + 291) 1,40 • 11,000 lb • 

f 16 cf ? pa. ea, lus a•c 
Copy l of 6 co ·1e1 



. . . . . . .. . . ,-

10" n • d11,. 

23 t 2 • 3 ft (11.. 7 fV) • l 2 rt2 

(19 • 1 5) lQQ : ?Z 100 : 16 OT ra 
165 l 5 

L n b • l.4' • S• . 
• 1.4•, dia. wi b nos&l s • 26 1/2• 
2405 • )(94) l.4 • 3000 lb. 

s• n ~ di 
13 rt • . rt2 -• as rt2 

5 - 24 : 11 rt • 15 ov r 
74 74 

Lt-n b : ll rt - 8 in 

Sh 11 di. • 12 • dia. h nozzl • 

t wt . - l - ( 7) i.4 - 2) 0 lb. - -
(c) 

• 

I pump or 11 -U xch n er • (ll 

- 830 -
' Pum or cu . . 
- (1430 • 11 ) ~ 70,00 L - l - -

l hr 

- . 147 )'. 1 -
l hr - a 
) 60 1t .:. n -

-17-
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hnl SU 
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.J:_ 70, 0 --
X 10 t . nr 

xch r 
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hr 

' t ~ u u rh t r 
:xch re 

rh a r xch n r 



• 

• 

Vo of ? ual 30 + 330 or l O 1/ n. A rox. aiz and wt: 

Total • for two ~~~;:!: : lb. (Driv includ d} 

To H •• for two 

ot : 1 th t conder. r ll u i:li d with a water fore tbro b by 

acocp action. T /12 bull utiliz d thi tur • 

- 70 thru acb - iD 

1 prox. ai& ft X 25" X )4" 1 a •ro. 4,0 

or 2 ••• 8,000 la driv includ d) 

Co 7 tbru ch 
min 

Ap rox. iz rxl wt: 80" X 21" X 32", 0 2750 lb. 

pumpp. • •• 5500 lb (driv incl\¥! d) 

R p 

a 

• H - h din f t, d 
ow r : her C -

550 
. , 

-. 

ow r - 70 - min 

r ■ 61 h • • at l 

p will hav appro ely , ac a 8 e f. 

• • • r • ~ • ~ : 235 b.p. or t 4ki a r p 

Hot w 11 pt 

Pow r 

P r 5.6 b.p for botwell p 

-18-
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\0) 

h.p., 6 cyli d r, 
roduci r e-urc c 
, C'CY' l . 1 

lb. in• capa le 
po ted to 
11 Die l 

c t11lo1 ) 

-- D1 al consum tio (Perry's H boo) 

h.p. 

• 
b.p. 

Fu l oil for alter cycle 2~,000 • 3,750 l 
(s. :n)( .s) 

( ..... ;~ ...... ,.,, 5 ,ooo ail a o ru l d t bo t back f'rOI\ 

h . . • KD /J v3 = (.0052) (1050) (10) • 53~ ( • co r . fort 

} u l oil for m in di l : 21 , 400 - 3,750 & 17, 50 gal 

i26 sub) 

( 
l 
r 
fo 

Th 

17,053 al 1 oil) 
n ov d, Wlt o fu l oil need d i1 

1 uir d 350 h.p. auxiliary dies l 

ould bes 

: 111050 l 

o sur lus oil r ov rro bull: 17,650 - ll,050 = , l or 44,000 lb 

s . • 

c 

5/8" .D. 1. ic 

, b r P • ll 

R --

l 

bl 

I . D. • 

_J_ 
icA V 

; 

tr 

( . ) 

. - • - 0.1, R• .9 -
R 0 

, P eworkin resa 

-
( .625) : • 5 , .-all • • -

5/8 L.D. rlth a 1/3 " ( .03125} 
1500 .. i. pr sure bu or corro ion r 

• ti f ctory for 
on , tc., 

s pro t ly a 1/l l . 5 •all. 

t nd tubin isa 0 rt 
.0413 t 

-1 - l of 7 s , lus a-c 
Co y l of co 1 

.0)2 





. t.ow • 
, 1 ... l + l + l o 4,J,O 2000 5,700 17,,00 ., 

: .lOJ X J.04 • lOJQ •~ 

1.1, f Cp k,"t ] • 

c.2oe><sa " 104> 5 .iiift:hnca.42 

• --. 
&.tt.r t.at,roduoizw ~ de1igc tutors 

Jtoa(USOI') a (.60) 38,400 =:• 2',000 Jf,/,, Of 

•· -21• 
age 21 ot 27' papa, plua a-c 

IOI() •F' 

6 00' f f.l., O l,"O 't: 

Llt:: A ,-A., -= soo-11,00 :. 617oF 
J-.~ ,L..!!! .o, 4 1 O 
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