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Abstroct

The poper describes the results of studies to de-
termine the feosibi l i ty  of  o I ight  weight nucleor pro-
pulsion system (LWNP) conceptuol design for morine
opplicotions. The powerplont design concept is bosed
upon nucleor rockef reocfor ond other existing fech-
nologies. l i  consists of o gos-cooled nucleor reoctor
ond integrolly pockoged gos turtine propulsion system.
The selected power cycle, which uses helium ot 1700-F
ond 1500 psio in o closed Broyton cycle, is diogrommed
ond described. The nucleor reoctor uses technologies
developed ond demonstrofed in both the nucleor rocket
ond the lond-bosed gos cooled commerciol reoctor
progroms. Conceptuol designs ore presented lo demon-
strote the feosibil i ty of, ond the odvontoges to be
goined by substituting the LWNP for oircroft derivo-
tive morine gos turbines in o high performonce
displocement ship ond cqrgo l iner.

Introduction

Studies of the opplicotion of nucleor power for
propulsion of vehicles which ore highl y weight sensi-
t ive ond/or highly volume sensit ive hove been perform-
ed by Westinghouse engineers ond scientisfs since 1972.
The sfudies hove been direcfed toword definit ion of
procticol powerplonts for which the bosic fechnology
is olreody ovoi loble or being developed in seporote,
independent progroms" The nucleor rocket technolo-
gies hove been one of the importont boses for these
sfudies.

The purpose of these studies hos been to evoluofe
feosibi l i ty ond procticol i ty by preporing o powerploni
design for o representotive oppl icot ion in suff icient
detoi l  for such evoluoi ion. An oddit ionol purpose hos
been io provide chorocterist ic dqfo for scol ing ond
odopting to ofher oppl icot ions. A single, demonding
opplicotion ond one plont rot ing were chosen for exom-
inotion in depth, l imited of course by the effort which
could be oppl ied.  The moior obiect ives of  the study
con be summorized in three questions:

r ls o l ight weight nucleor powerplont feosible
for such on oppl icof ion?

o Does the bosic iechnology exist to ini t iote

o development ond demonstrot ion progrom
for o l ight weight nucleor powerplont?

o Where problems ore identi f ied, con ot leost
one engineering solut ion be identi f ied?

The feosibi l i ty  studies were in i t io l ly  occompl ish-
ed using o Surfoce Effects Ship (SES) os the represen-
tot ive oppl icotion. The SES ploces str ingent require-
ments on the powerplonf becouse of weight ond volume
limitot ions. Some results hove been summorized in
References l ,  2, ond 3" Numerous engineering vorio-
fions of fhe represenfofive design hqve been sfudied.

As o result of the studies, i t  hos been concluded
by Wesfinghouse thot the LWNP is both feosible qnd
procticol.  l t  is olso bel ieved fhot suff icient conservo-
t ism hos been included to insure ihqt the proiected
chorocterist ics ore reol ist ic est imoies of the chorocter-
ist ics which would be exhibited by such o powerplont
ofter i ts development hos been occomplished. l t  should
be recognized ihot even though the technology olreody
exists, o moior development progrom is required for the
LWNP" However, i t  should olso be recognized thot o
seporote development progrom is not required for eoch
opplicotion of the LWNP" The concept is such fhot,
i f  developed, i t  could be opplied with o very high
degree of commonoli ty to o wide ronge of oppl icot ions"
This poper oddresses one of the potentiol oppl icot ions,
thot of o propulsion system for displocement ships"

As o bqsis for  evqluot ion of  the sui tobi l i ty  of  the
Light Weight Nucleor Powerplont (LWNP) for mori t ime
displocement ship propulsion, i t  wos desired lo deter-
mine i f  o LWNP could provide the some, or higher,
power output os on exist ing oircroft derivotive morine
gos turbine, f i t  within the engine room spoce occupied
by o comporoble open cycle gos turbine ond provide
operotionol or economic incentives for the chonge.
This purpose resulted in the ossumed top level require-
ments summqrized in Toble l .  Ful f i l lment of  these re-
quirements would indicote thof  use of  LWNP's would
be possible from the powerplonl stondpoint. The power-
plont weighi  l imi tot ion l is ted in Toble I  wos token to
be the totol of the weights of the components which
would be el iminoted in such o chonge ond of  the fossi l
fuel  which would no longer be needed. The nucleor
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TABLE I

ASSUMED REQUIREMENTS

GENERAL

The powerplont must f it within spoce nor-
molly olloited to the reploced engine, fuel
ond ductwork.

The powerplont must interfoce with pre-
vious insfolled reducfion geors.

No significonf olterotion of personnel
spoces outside of the engine room should
be required becouse of fhe nucleor power-
plont.

SPECIFIC

Outpuf Shoft Power

Full Power Lifetime

Moximum Dimensions
(Reploceoble Module)

Approximote Moximum
Speci f ic  Weight

Shieldins

21000 HP

I O000 Hrs

8r!9rrWx14'H
x 26'4 L

25 L\/HP

I Mill irem/Hr ot the
Surfoce of the Shield
in fhe Direct ion of
Occupied Areos ot
Full Power

powerplont weights discussed in this poper fherefore
include only the weights of those items which ore
peculior to the nucleor powerplonf. Such o definit ion
of powerplont scope therefore ollows o direct compori -
son ond considerotion of ony weight chonges due to
use of LWNPrs.

The Light Weight Nucleor Powerylont

The study requirements ossumed o desirobil ity to
inferfoce with bed plofes ond reduction geors designed
for the LM-2500 gos turbine" They olso ossumed the
suitobil ity of the very restrictive dose rote l imitotions
which hove been used in recent sofety sludies of nu-
cleor powerplonts for merchont ships" The ossumption
wos mode thot the shielding must be sufficient to per-
mit unlimited occuponcy outside of the engine room"

Trode-off studies indicoted the desirobil ity of o
compocf closed Broyton power conversion sysfem with
recuperotion ond one stoge of intercooling using helium
qs the working fluid. A schemotic diogrom of the
closed cycle flow poth is shown in Figure l. Overoll
cycle pressure rofio is weight opfimized of opproxi-
motely 3.2" Heot reiection from the precoolers ond
intercoolers is to on intermediote heot tronsfer system
which in turn reiects heot to seowoter through o seo-
woter heot exchonger os shown in Figure 2" Typicol
temperoture/eniropy conditions ore shown in Figure 3.
Reoctor outlet conditions of l70OoF ond 1500 psio were

selecfed ofter considerotion of cycle ond moteriols re-
quirements ond technology ond were primori ly deter-
mined by considerofions ossocioted with the gos fur-
bines" These condit ions provide on ottrocf ive overol l
cycle eff iciency ond o compocf powerplont which con
be ochieved within the expected copobil i ty of super-
ol loy moter io ls wi thout requir ing cool ing of  the turbine
blodes.

Figure 1.  Powerplont Schemotic
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Figure 2. lntermediote Heot Reiection Systems

The moleculor sieve ond cooled chorcool bed
shown in Figure I reduce the smol I omount of octivity
which could be present in the primory sysfem due to
fission products. The essentiolly cleon helium from
lhe chorcool bed is returned to the cycle during steody-
stote operotions. Alternqtively, ihe cleon helium con
be directed to storoge volumes A or B. These storoge
vol umes ore porf of the powerplont control system in
the version of the LWNP under discussion. When used
in coniunction with outomotic reoctor exit temperqture
control, volving of helium from fhe primory flow system
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Figure 3.  LWNP Cycle Diogrom

into ihe storoge volumes results in o decreqse in output
shoft power" Converselp volving of helium from the
storoge volume into the primory flow poth ot the low
pressure compressor inlet offecls o power increose"

As with ony nucleor plont, provision must be
incorporoted to insure removol of resctor decoy heot.
The emergency cooling syslem performs this function,
wifhout externol power, ond frqnsfers ihe heot io its
own intermediote heol tronsfer system ond thence to
ombient oir through heot exchongers" The complete
powerplont olso includes the other usuol powerplonf
ouxil iory systems.

The powerplont module concept which resulted
from ihe sfudy is shown in Figure 4" The reploceoble
powerplont module is 8 '  -  9" wide, I  l '  -  9"  h ig[  ond
24' -3" long (overol I  powerplont width 9' -  6" ond
length 26' - 6")" The module contoins ihe reoctor,
rqdiqf  ion shielding ( including o "plug" shield which
permits f low of  hel ium whi le qt ienuot ing rodiot ion),
power conversion crssemblies, control gos storoge,
f ission procuct cleanup systef iL ond emergency cool ing
systen. Al I  of the primory system components are
contoined wifhin c th ick-wol led contqinmenf vessel
for sofefy. Not shown on this view, for clori tp but
included in the weight ond tofol volume esi imotes
ore ouxi l iory system components outside of the mqin
module such os the intermediqfe heot reiecl ion system
qnd seowoter heot exchonger, lube system, control
rocks, etc.

Reference 2 describes the reoctor in some detoi l .
However, some discussion of the concept is worronted
in this poper" The reoctor ossembly includes the fueled
core, oxiol ond rodiol ref lectors, core support sysfems,
rodiol fungsien shield ond oppropriote provisions for
gos cool ing of the high temperoture structure" These
components ore contqined within o pressure vessel.
The reoctor design drows heovi ly upon the demon-
strofed NERVA reocfor design technology (References

4 ond 5) ond incorporofes odoptotions of those NERVA
design feotures oppropriote for this oppl icot ion

Like NERVA the reoctor is o gos-cooled groph-
ite moderoted, epi+hermcrl reoctor with cooted fuel
beods dispersed in grophite elemenfs, hos o loterol sup-
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port sysiem lo mointqin core bundling qnd hqs o beryl-
l ium rodiol reflector with control drums" While fuel
element fqbricqtion is bosed on NERVA technology.
the lower operoting temperoture permits the use of
TRISO design fuel beods. The TRISO beod, developed
ond used in commerciol gos-cooled reociors, provides
high retention of f ission products within the fuel beod
itself os o borrier fo fission product releose" This is of
greot significonce in enhoncing the overoll sofety of
the system" ln view of the relqtively low core exif
temperofure, the LWNP incorporotres q hot end support
plote, which wos considered during the NERVA progrom
qs on olternoie to in-core tie rods or t ie-tubes, to min-
imize core size ond reduce externol shield qnd con-
toinment weight" A loterol suppori syctem odopted
from lhe NERVA reoctor provides rodiol bundling fo
position the core while sii l l  permitfing the core dimen-
sionol chonges which occur in operotion. Bosed on the
successful NERVA development ond test progrom, lhere
is o high degree of confidence thof the LWNP reoctor
cqn be successful with o reosonoble develooment oro-
gromc

The reoctor ossembly, shown in Figure 5, consists
of q fueled core surrounded by o reflector ond internol
shield, the whole ossembly being contoined in o pres-
sure vessel. An externol shield surrounds the ossemblp
excepi where the working fluid enters ond leoves the
reoctor. At this locotion, the internol ond exfernol
shields ore reploced by o plug shield through which

fhe coolqnt enters ond leoves in o cooxiol orrongement,
The iortuous f low possoge geometry of the plug shield
provides rodiol ion shielding while permitf ing fhe f low
of coolont.

The reqctor core is constructed from fuel elements
30 inches in length ond of hexogonol cross section.
Eqch fuel element hos seven oxiol cool ing holes, eoch
0"133 inch in diometer, providing twenfy percent void
frqct ion. The elemenfs meosure 0"75 inch ocross fhe
flots of the hexogon ond qre bundled togefher in the
form of o r ighf circulor cyl inder opproximotely 35
inches in diometer. The fuel,  in the form of TRISO
cooted beods, is incorporoted info ihe extruded groph-
ite motrix of the fuel element. The use of non-corrosive
heliurn, low^er core exit  temperoture level ( l700oF
versus 4090-F for NERVA) ond lower temperoture r ise
between core inlet ond core exit  (90OoF versus 39800F
for NERVA) signif icontly eose the environment for the
core, contr ibuting to Ionger l i fe"

Str ips of pyrolyt ic Arophite insulot ion moferiol
ore interposed between the f i l ler str ips ond the fuel
elements to minimize the rodiol conduction of heot
from the core. The rodiql forces which effect the
bundling of the core ore tronsmitted through o system
of grophite segments ond sfeel leof springs to the re-
f lector osembly which surrounds the core.

The ref lecfor ossembly is consirucled from beryl-
l ium segments which ore bolfed to lnconel 718 r ings oi
the inlet ond outlet ends" Eoch segment contoins q

control drum, free to rotote through on ongle of 180
degrees" The control drum consists of o beryl l ium
cyl inder hoving o sector of beryl l ium removed ond re-
ploced by o number of sioinless steel tubes contoining
boron corbide. The control drums ore driven through
splined qui l l  shofts from electr ic ocfuofors mounted on
the presure vessel dome. Axiql cool ing holes ore
dri l led in the ref lector segmenfs ond control drums"

An lnconel 71 8 plote is supporfed from the re-
f lecfor ossembly of the core inlet end ond opplies on
oxiol prelood to fhe core through coi l  springs, one for
eqch elemenf. The springs opply suff icient lood to
ensure thot the core remoins seoted on the outlet ond
support plote during thermol controction of the core
ond olso under negotive "g" condit ions should these
orise in operotions.

Rodiot ion shielding internol to the presure ves-
sel  octs wi th the exfernql  shielding to sot isfy the oppl i -
coble dose rote cri teria. The infernol shield is com-
posed of fwo ports: o tungsten shield (gommo) thot
surrounds the rodiol ond fop ref lectors, ond the sepo-
rote plug shield (neufron ond gommo)"

The internol shield is constructed from segmentol
blocks which ore provided with cool ing holes ond ore
supported from lnconel 718 r ings. This shielding is
locoted internol to the pressure vessel for eose of cool-
ing, to recover the energy deposited in i t  ond is on
odvonfoge in minimizing totol  shield weight"

CONTA INMENI

I NT ERNAL

Figure 5. LWNP Reoctor Configurotion
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The oressure vessel is mode from two weldments
which ore io ined by meons of  o bol ted ond seol  welded
flonge" A cooxial f low system is employed with the
hot gos leoving lhe reqctor fhrough the centrql Inconel
X pipe. The pressure vessel  ond piping wol ls which
musi withstond the system operoting pressure ore thus
exposed only to the cooler reoctor inlet gos f lowing in
the outer onnulor spoce.

Structurol sizing of lhe pressure vessel hos been
predicoted on on operoting pressure of 1600 psi ond on
ollowoble moteriol stress of 30,000 psi,  ond fhus is
consistent with the use of SA-533 Low Alloy Steel.
This moter io l  is  generol ly used ihroughout the nucleor
industry for coded pressure vessels. However, use of
Inconel 718 for the pressure vessel in this oppl icot ion
offers the potentiol of increosed strength copobil i ty or
o reducfion in oressure vessel fhickness"

The turbomochinery/heoI exchonger module for
the LWNP is i l lustroted in Figure 6" l t  provides on
integroted pockoge of the cycle componenfs fo permit

o minimum size,  ond therefore q minimum weight con-
toinment vessel. The module contoins high ond low
pressure compressors, high ond low pressure turbines,
recuperofor, precooler, infercooler, ond connecting
ducis ond shofts" The compressors ore driven by the
high pressure turbine while the output power is pro-

vided by the low pressure free power lurbine. For this
opplicotion fhe power turbine hos been combined with
on internol plonetory reduction geor ossembly 1o pro-

vide on output shoft speed of 3600 rpm ot roted power
compolible with the exlernol reduction geors. Use of
o low pressure free power turbine without mechonicol
coupling to the gos generotor components permits o
wide vqriot ion in outpuf shoft speed without offect ing
the gos generqfor speed" Also included is on output
shqft seol ossembly for the drive shoff penetrot ion
through the contoinment vessel. This seol ossembly in-
c ludes provis ions for posi t ive metol- to-metol  seol ing
of the shoft to the contoinment vessel in the event of
s inki  ng"

The requirement for close-coupled integrofion
of the heot exchongers ond turbomochinery info one
compoct pockoge results from systems requirements to
minimize conloinment dimensions ond totol  system
weight,  ond olso f rom the desire to minimize con-
nect ing piping for re l iobi l i ty .

As wirh ol l  olher port ions of the powerplonf
system, the rodiqt ion shielding wos designed consider-
ing the contr ibutions of ol I  components of the system.
Adequole shielding is provided to I imi t  the dose exter-
nol io the LWNP to less thqn the required levels" The
rodiot ion sources con be thought of os two-fold; f ission
neutrons ond elecfromognetic energy (gommo) from
neutron obsorption ond f ission producf decoy, The totol
shielding function is shored by vorious system compon-
ents ond includes shielding in iernol  to the reoctor
ossemblp component structures themselves ( including
the contoinrnent vessel) ond by o shield exfernol fo the
contqinmenf vessel. The externol shield is to be seg-
mented to s impl i fy removol  ond instol lot ion.  ln terms
of rodiot ion emonofing from the core i fself  the primory
shielding funct ion is occompl ished by shielding internol
to fhe reocfor ossembly (plug shield ond tungsten shield)
ond the boroted zirconium hydride ond boroted woter
shields immediotely oround the reqctor but locoted out-
s ide the confoinment vessel"  Shielding for gommo rodi-
ot ion or ig inot ing f rom the smql l  quonf i ty of  f iss ion pro-
ducts which could enter the hel ium working f lu id in
the worst cose is provided by the component structures.
including the thick-wol l  contoinment vessel .

The rodiol  shielding is bosed upon the resul ts of
the extensive shield optimizoi ion of fhe post USAF
sponsored NuERA (Nucleor Extended Ronge Aircroft)
study (Reference 6), The reoctor shield shown in Fig-
ure 2 is composed of two ports: ihe bosic rodiol shield
thot encomposses the sides ond top of the reoctor, in-
c luding shielding internol  to the reoctor vessel  ( tungs-
ten) ond externol to the contoinmenl vesel (boroted
7rH2 ond woter) onC o "plug shield" of tungsten, beryl-
l ium oxide ond boron corbide thot is ofter the reoctor
support plote" The seporofe plug shield is required to
occommodoie the hel ium working f lu id in let  ond ex-
housi f low poths wiihout introducing lorge continuous
regions of  very low moter io l  densi tp essent io l ly  void,
through which rodiot ion or ig inot ing in reoctor could
"streom" oui, giving r ise to externol regions in which
the estcbl ished dose roie cri terion would be violoted.
The importonce of  minimizing the s ize of  the power-
ploni  conrponents which must be shielded ond of  opt i -
mizing the shieid rnofer iq ls ond design is opporent
when i t  is recognized thqi fhe shield ond contoinment
together moke up oboui two-thirds of the iofol power-
plont u,eighi"

Shoping of  the shield to f i t  the speci f ic  needs of
fhe oppl icot ion is evident in Figure 2.  The shielding
on the lower side is reduced to thot which is ooequore
io protect  ot  fhe bedplote ond io ol low l imi ted occes
below the powerplont for mointenonce in thot oreq.
The shield shoping reduces powerplont weight ond olso
minimizes the height over the reoctor ond shield"
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Figure 6. Turbine-Compressor-Heot Exchonger fulodule
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The estimoted weight of the powerplont is
602,000 pounds, or 24.1 lb per HP, disiributed os
shown in Toble l lfor the powerplont scope os stoted
eor l ier .  Cleor lp even fhough very str ingent require-
ments were qssumed os top level criterio, fhe resulfs
of this study indicote the feosibil i ty of o LWNP for
morine propulsion plonf opplicoiions oppropriote to
morine gos turtines of the LM-2500 type"

TABLE II

ESTIMATED LWNP WEIGFIT SUMMARY

Reo ctor

Shield

Turbomochinery ond
HEX fusembly

Conlrol Gos Sloroge

Emergency Cooldown

Equipment Shield ond
Fision Product Cleonup

Woler ond Auxil iory Systems

Power Tronsmission

Wgt"(r001 lbs) Lb/sHP
O AA

385 1s"4

l8 0.7

63

l0

602

2"5

0.4

24"1

A sl ightly lorger powerplonf could provide ouf -
pui power comporoble to the FT4A gos turbines in-
stol led in the Eurol iner (3O000 hp moximum cont inu-
ous)" A powerplont of that size is esf imoted to hove
q specif ic weighr oF 22.1 lb/hr.

ln o size to motch ihe LM-5000 closs of engine
ond provide fhe normol moximum input lo o single
shoft (on the order of 6O000 SHP), the LWNP specif ic
weight wouf d be opproximotely 15.6 lb/HP.

The LWNP concept hos been derived for oppl i-
cotions which plcce q premium on powerplont compoct-
ness ond l ight  weight ond which olso have l imi ted on-
boord mointenonce copobil i ty. The LWNP concept hos
fherefore been configured for modulor removol ond re-
plocement of  q uni t  compris ing the contoinmeni vesel
ond i ts infernol components. A new or refueled ond
refurbished uni t ,  fu l ly  checked out in q shore foci l i ty ,
would then be insfql led so thof the ship could quickly
return to service"

The moiori ty of the LWNP components which ore
l ikely tc require rnointenonce qre locoted externol fo
t l ' ,e contqinment v'here lhey ore occessible" By design
,he cornpo,rents inside the contoinmenf ore minimized,
but cccess fo :nost cf these components for removol con
be provided i f  i rr ' 'her study of required on-boord mqin-
tenonce vrcr" ' !C ir ; ," i iccte the need for such.

Appl icqt ion to o High Performonce Displocement Ship

A moior currenl oppl icot ion of the LM-2500 closs
of morine gos turbines hos been in high performonce
displocement ships. These designs ore chorocterized
bofh by slr ingenl weight ond by slr ingent volume con-
stroinls" Consequently o typicol design of the rype
wos selected for novol orchitecturol studies fo evoluote
the feqsibi l i ty  of  using LWNP's for  propuls ion mochinery
rofher thqn LM-2500's.

As noied under discussion of the powerplont de-
sign, the ground rules for the LWNP design study re-
quired thoi i i  interfqce with the bosic propulsion system
ot the f longed couplings of the twin input shofts of the
reduction geors. Spotiol relot ionships, power level ond
shoft speed of the nucleor powerplont qnd the remoinder
of the propulsion sysfem were to motch ot thot point"
FigureT shows fhe relqt ive sizes, configurotions ond
weights of the fossi l- fueled gos turbines ond fhe LWNP's
for one shoft 's worfh of power"

Poired LM-2500 Gos Turbines,
Weight 22.75 Tons/Unit

Poired 25000 HP LWNP Units
Weisht 274 Tons/Unit

Figure 7. Relotive Sizes, Configurotions ond Weights
of Poired LM-2500 ond LWNP 25000 HP Powerplonts

To use LWNP's for moin propulsion the four
25,000 HP gos iurbines ond their directly ossocioted
ouxil iories, combuslion oir supply ond exhoust trunks,
propulsion contro! equipment, foundotions, ond repoir
ports were delefed" The seporote fossil-fueled ship's
service generotors were refoined. Therefore, sufficient
fuel crlso wos refoined to provide 30 doys of continuous
operotion. This would toke optimum odvontoge of the
nucleor enduronce of  the propuls ion plont by motching
ihe nominol replenishment cycles for fresh ond frozen
provisions. Toble l l l  l ists the weights of items thqf were
removed, including o bolonce of 820 tons of fuel.
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TABLE I I I

WEIGHT REMOVALS

Sub-Group

201 Propulsion Units

204 Combustion Air Supply

205 Exhoust Uptokes

206 Propulsion Control Eguipment

210 FO Service System

250 Propulsion Repoir Ports

816 Fuel  Oi l

Weight
(Long Tons)

91

\A

122

IOTAL

820

l l14

Toble lV l ists the weights of ifems thot were
odded by the LWNP. The weight of the reoctor-turbine
includes the reoctor, compressor, turbines, coolers, con-
lrol gos storoge ond helium cleon-up system, emergency
cooling sysfem/ contoinment vessel, shielding, control
equipment ond repoir ports" lncreosed weight for the
propulsion plont foundotion wos estimoted on the bosis
of providing equol buckling strength to lhe bosic de-
sign.

TABLE IV

WEIGHT ADDITIONS

I tem

Reoctor - Turbines

Foundolions

Weight
(Long Tons)

I 096

188

TOTAL 1284

Figure 8 shows the equipment which wqs removed
from the forword engine room. Similor removols occured
from lhe offer engine room. Figure 9 shows the orronge-
ment of  ihe LWNP's ond their  pr incipol  qssocioted

equipment in fhe forword engine room. Only minor
structurol chonges were required. These included
sirengthened propulsion mochinery foundolions, cutrcufs
in the f i rst  p lot form grot ing ond relocot ion of  o secon-
dory stonchion, ond o cut-out ond doubling of the f irst
plotform hul l  str inger plote over twenty frome spoces"
Simi lor  minor structurol  chonges were required in the
ofter engine room. Retoined fuel wos locoted in for-
word ond ofier tonks to compensote in some meqsure
for concentroted weights of the reoctor turbines.

Toble V summorizes the ef fects on ful l  lood con-
di t ions wi th ol l  weight removols ond oddi t ions occount-
ed for.  A 170 ton increose in displocement resul is in
0.35 feet deeper drof t ,  A s l ight  decreose in GM of
0.43 feet wi l l  not  s igni f icont ly reduce sfobi l i ty  choroc-
terist ics" A decreosed tr im by the siern ond sl ight stor-
boord l ist could be corrected in further desiqn ref ine-

d\.

_l usLrr

$ Removed l tems

Figure B. Forword Engine Room Mochinery Removed

TABLE V

EFFECIS ON DISPLACEMENT AND STABILITY

Bose Design LWNP Design

II

6

6

Displocement:

Ful  I  Loqd

Si0bi l i iy

GM (Feet)

100 o/o 102"20k

4.66 4.23

The effects of the propulsion mochinery chonge
on longi tudinol  s i rength were invest igcted using on
odiusled weight curve to qccount for weight removols
qnd oddit ions, ond o modif ied buoyoncy curve to
occount for the increosed droft ond chonge in tr im.
The moximum hogging ond sogging sfresses of fhe
modif ied design ore shown in Toble Vl .

-7 -
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'N Instol led l tems

Figure 9. Forword Engine Room Mochinery Added

TABLE VI

EFFECTS ON HULL GIRDER STRENGTH

Bose LWNP
Desigl Design

Applicotion to o Corgo Liner

Although morine gos turbines hove iust begun
to be employed os rnoin propulsion units for corgo
ships, o notoble exomple of such o system, the EURO-
LINER Closs contoiner ships, oppeored to be qn ex-
cel lent  bosic design on which to test  the oppl icobi l i ty
of the LWNP.

ln post yeors, the spoce required for the moch-
inery plont of  o corgo ship wos o relot ively unimpor-
font considerotion due to fonnoge lows in effect ot
thot  t ime. l f  the octuol  propel l ing mochinery spoce
exceeded l3 percent of fhe gross tonnoge of the ship,
then 32 percent of the gross tonnqge could be deducted
in compuling net tonnoge, which is the bosis for tox
ossessments, horbor ond conol dues, etc. As o result,
o speciol efforl wos mode io ensure thot the sooce
required for the propel l ing mochinery wqs ot  leqst
l3 percent of the gross tonnoge of the ship" The ton-
noge lows hove subsequently been modified. There-
fore, thot ortif iciol condition no longer exists" Con-
seguently in volume crii icol designs such os contoiner
ships it is incumbont on novol orchifecfs to retoin
every cubic foof of spoce possible for poy lood"

Figures 1 0, I I ond I 2 from Reference 7, ond
Figure l3 show the relotive spoce requirements of
nominol 30r000 HP single screw, steom turbine, PWR
nucleor,  gos iurbine ond LWNP propuls ion plonts"
Toble Vl l  indicqtes their  re lot ive lonnoge reguire-
ments to the upper deck, or the moximum heighf re-
quired if fess.

TABLE VII

RELATIVE VOLUMES/TO NNAGE
OF IW\CHINERY SPACE

qd srrP

I

i r 
-- 

- lsl Putrfrr

rR^N\fr \ r  stc l t f t

Hogging Stress:
Max. Tension (T/inz) ^ 8.09
Mox. Compression (Tf n2) 7.15

7.73
B"68

Type Plont

Steom Turbine

PWR Nucleor

Gos Turbine

LWNP

Tonnoge*

1864

2|3

r 840

I  104

Relot ive Size

1.00
I  qI

noo

oqo

Sogging Stres; 2
Mox. Compresion fi/ in-) 4.39 5.00
Mox" Tension (T/i" ') 4"85 5"50

Although the highest stress is slightly greoter
thon the highest stress in the bose line design, it sti l l
is  wel l  wi th in the 13.5 tons per squore inch l imi t
normolly specified for combined stress in medium
steel ship strucfure.

Speed loss due to the increosed displocemenf
would be obout 0"17 knots.

Bqsed on the qbove onolysis it is concluded thot
the LWNP of fhe conceptuol design discused would
offer o very feosible ond oftroctive moin propulsion
powerplont for high performonce displocement ships
which currently ore powered with multiple 25,000 to
30,000 horsepower fossil-fueled gos turbine unifs.

* Tonnoge (100 ftTron) bosed on estimote of volume
to the upper deck, or moximum height required i f
I  ess.

l f  the LWNP system were oppl ied to o EURO-
LINER Closs contoiner corgo l iner qn oddi t ionol  four
decks of 40 foof contoiners or opproximotely 48 oddi-
i ionol  uni fs could be locoted in the present up- loke
spoce os shown in Figure 14. Bosed on qvoi loble infor-
motion from Reference 8 ond 9, this would represent q

9 percent increose in hold contoiner stowoge or 5.6
percent increose in totol corr ioge" Expresed in o
dif ferent woy fhe spoce goined would reduce engine
room volume from opproximofely 8 percent of gross
tonnoge to opproximotely 5 percent"

-8-
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5. CENTRAL CONTROL ROOM

6. STEAMTURBO-GTNERATOR

7. / /ORKSHOP

8" CONTAMINATED ST€AM GENERATOR

9. DISTILLING PLANT
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II .  MIN CIRCULATING PUMP

12" THRUST BTARINC

13. FORCED DRAFT FAN
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]5. UPTAKE
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9. WORKSHOP
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DISTILLING PTANT
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MAIN CIRCULATING PUMP
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DEAERATING FEED IANK
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Figure 10. Sieom Turbine Powerplont
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4. LUBE OIL SUMP TANK
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l*

6. MAIN SWITCHBOARD
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8. THRUST BEARING

9. DISIILLING PLANTS
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I
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8, 5]EAMTURBO.GENERATOR

Figure 12. Gos Turbine Powerplont

-10 -

Figure 13. LWNP Powerploni



60000 HP (30000 HPlShoft) FT4A Powerplont

References

Fisure r+. runoffi#||,i:]:os Turbine

Ini t iol  ond operoting cosfs ore of course on im-
portont considerotion. However, cost est imotes ore
olso the leosf  certoin chorocter isf ics to esf imoie be-
couse they necessori ly involve predict ions of non-
scienti f ic foclors" ln oddi l ion, unfi l  o powerplont hos
been developed ond exoct design feofures determined,
cost est imotes ore iust thot - est imotes" ln spite of the
uncertoinf ies, considerotion of the displocement ship
propulsion opplicotion required on ossessment of cosfs.
Therefore, on ossessment of costs wos occomplished
wiih ossumpfions intended to provide reol ist ic rother
thon opt imist ic comporisons.

These LWNP cost ossessmenfs hove indicoted
ihot fhe in i t io l  cost  of  o LWNP would be opproximotely
the some os thot of o mqrine Pressurized Woter Reoctor
(PWR) powerplonf, such os described in Reference lQ
of ihe some output power" This result is surprizing fo
some since the LWNP ut i l izes more expensive moter-
iols. However, becouse of i ts design for compoctness
ond l ight  weight,  much less of  such moter io ls ore useo
which olso tends fo minimize fobr icot ion costs.  Also
similor fo PWR costs ore the esi imoted costs of the fuel
for fhe LWNP. This result occurs becouse the cost of
uronium is ihe predominont foctor in the fuel costs.

The net result of the LWNP cost ossessmenfs is to
indicote s imi lor  economic comporisons versus fossi l
fuel propulsion os hove been shown mony t imes in the
post for PWR nucleor propulsion sysfems. Whqt is dif  -
ferent is thot the LWNP, i f  developed, would require
no more spoce thon occupied by fossi l  fuel gos furbines"
Addi t ionol  corgo volume would then be ovoi loble
equivolent to the no longer needed oir  in ioke ono
exhoust dischorge spaceso Design for modulor reploce-
ment is olso compoi ib le wi th the desire to minimize
dry-Cock t ime"

From the obove onolysis,  i t  is  concluded thot
the LWNP offers o very ottroct ive olternotive io
fossi l- fueled morine gos turbines for speciol purpose
high performonce displocement ships where i ts chor-
octer ist ics ore of  s igni f iconce.

R" E. Thompson, "Lightweight Nucleor Power-
ploni  Appl icot ions of  o Very High Temper-
oture Reocfor (VHTR)",  IOth IECEC Poper
75916y'., Augusf 1975.

A" R. Jones, "A Very High Temperolure Reoctor
(VHTR) Technology",  lOth IECEC Poper
759051, August 1975"

G. H. Forbmon ond R. E. Thompson, "Applico-
t ion of  Nucleor Rocket Technology to
Light Weight Nucleqr Propuls ion ond
Commerciol Nucleor Process Heot Systems",
AIAA Poper 75-1261, September 1975.

Dovid S. Gobriel ond lro L" Helms, " Nucleor
Rocket Engine Progrom Stotus - 1970",
U. 5. Aiomic Energy Commission, AIAA
Poper No.70-711"

Westinghouse Astronucleqr Loboroforp " Tech-
nicol Summory Report of NERVA Progrom,
Phose I NRX ond XE", AEC Coniroct
SNSO-1, TNR-230, July 1972.

Wesfinghouse Astronucleor Loboroforp " Reoctor
Sofety Study for Nucleor Powwred Aircroft,
Finol Report", Controct F29601 -72-0035,
Februory I 973"

The Society of Novol Architects ond A/orine
Engineers,  "Morine Engineer ing",  pgs.  l4
ond 15.

ABS Surveyor, " From Europe to North Americo -
ot  28 Knots",  Moy1971.

New York fuietropoliton Section SNAME,
"Systen i r : fegrof ion of  the GTS EURO-
LINER from Conception to Operotion,
September 16, 1971.

Westinghouse Electric Corporotion, " Sofely
Anolysis Study, Nucleor Propulsion System
for Lorge High Speed Merchont Ships",
MARAD Controct No. MP-4229 October
19&"

l"

4"

5

6"

7.

8.

10"

60000 HP (30000 HP/Shoft) LWNP Powerplont

-  1 l


