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Nuclear f iss ion power is a misunderstood and under used

energy source. Even though the spl i t t ing of  certain heavy

e. l -ements resufts in the l iberat ion of  vast  quant i t ies of  energy

with a very smal l  vol-ume of  fuel- ,  the overr id ing tone in the

major i ty of  current technical  f i terature and popufar media is that
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dismiss the potent ia l  of  f iss ion power by waving their  hands and

vaguely stat ing " I t  is  too expensive."  or  "The publ ic wi l f  not

stand for i t .  "  or  "They st i l t  do not know what they are going to

do with the wastes.  "  or  even "Nuclear power plants are not as

eff ic ient .  as fossi l  fuel  p lants.  "  Current ly,  each of  these

statements happen to be true, but they are not natural  t ruths.

They are the product of  people and at t i tudes, not physical  or

technical  l imi tat ions.  Improvements in the appl icat ions of

already developed technology can make each one of  the di f f icul t ies

associated with nuc]ear power less problemat ic.  r f  no act ion is

taken, the use of  nuclear f iss ion reactors wi l I  eventual ly cease

in the United States.  This wi l l  lead to sreater dependence on

dir t ier  fuers that  are being consumed faster than they are being

discovered.

In the United States,  there has not been a commerciaf  nuclear

power prant ordered since r918. No pubr ic ut i r i ty  is  wi l r ing to

take the heavy f inancial  r isk involved in a reactor prolect .  They

have di f f icurty obtaining requratory approval  to start  the prant,

they cannot predict  how long i t  wi l l  take to construct  the plant,
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predict  whether or not they wir l  ever be a] lowed to operate the

plant.  opponents of  nuclear power point  to these facts and

gleeful ly c la im that nuc. l -ear power has fai led in the marketpl-ace.

Large/ pressur ized or boi l ing water reactors that  are custom bui l t

over many years s impry cannot succeed in today's market.

Fortunately,  the heat produced by f iss ion is a hiqhlv concentrated

enerqy source that lends i tserf  to use in a compact heat engine.

r t  is  technical ly possible to combine nuclear reactors wi th
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rat io,  they can be started rapidly,  they have proven to be

durable/  and they have a reasonabl-e thermodynamic ef f ic iencv when

operated at  design load. Since they depend upon a cont inuous heat

rnput '  they are part icular ly wel l -  sui ted to a modif icat ion that

ranl  acoq i -  ha eombust ion chamber wi th a hioh 1_ emncra]_ rrra . r^q r*anl  adLfvrr  urrqrLwg! w!LI I  q l I Iyrr  uurrLyg!qLuItr :  y__

reactor.

This is not a new idea. As ear ly as 1958 the u.  s.  Air  Force

operated a prototype engine as part  of  the Aircraf t  Nucfear

Propuls ion (ANP) proqram. The engine operated without problem,

but the program died in 1959 as a resul t  of  pol i t icaf  problems and

lack of  an ef fect ive proponent of  the program within the
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During the same t ime that the Air  Force was working on the

nuclear powered aircraf t ,  Admiral-  Rickover was f ight ing to

maximize the funding that his pressur ized water nuclear power

program received. Not onl-y did he feel  that  h is system was the

best one for submarines, he also pushed for i t  to be adopted as

the standard plant for  the budding commercial  nuclear power

industry.  Rickover was a man of  considerable persuasive ta lents

and one who was unl- ikely to admit  that  a nuclear power plant

developed outside his personal  control  could possibly be better

than his was. He knew about the ANP and some of his own ceople

may have suggested that.  the engines have meri t .  There was even

some talk of  t ry ing to use the technology on submarines .2 Given

the state of  gas turbine technology in 1958, Rickover probably

made the correct  choice.  The jet  engines bui l t  then had operat ing

l ives measured in 100's of  hours,  obviously not enough for

extended seagoing deployments or for  commercial  power

appl icat ions.  Rickover won the pol i t ical  bat t le and estabf ished

the pressur ized water reactor as the wor ld wide standard.
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dramat ical ly '  the technical  meri ts of  the nuclear gas turbine have
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lAircraft Nuclear Propulsion Program, Hearing before the Subcommittee on Research
and Development of the Joint Committee on Atomic Energy Congress of the United States,
U. S. Government Print ing Off ice, Washington D. C. 1959
2Friedman, N, Submarine Design and Development.  Naval  Inst i tute Press,  1986. p.
134.



I f  the advantaqes of  qas turbines are combined with the

advantages of  atomic f iss ion, a t ru ly valuable af ternat ive energy

source would resul t .

The GCFR/GT (Gas Cool-ed Fast Reactor/Gas Turbine) power plant.
fentat i rzelrz ronroqonJ-q 1_1-re s ' i  mnlest  anr l  mOSt eCOnOmiCal nUC]eaf
power plant that  can designed for operat ion on a thermal power
cycfe and employing nuclear f iss ion. The predominant
character ist ics of  th is power plant are fuel  breeding and the
single f tu j -d that  funct ions both as the reactor coolant and the
r^znr l r i  na f  I  r r  i  r l  i  n J_ ho nnr^zar nrzc la 3

The engi ines coufd be made in many di f ferent s izes depending on the
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they could be mass produced, and they would be able to be

purchased when needed without having to accurately predict  energy

needs a dozen or more years into the future.  I t  would be fool ish

to c la im that these engines coufd replace al l  other sources of

hArrTar Lrrr f  1-horz r^rnrr l r l  ha narf inrr lar l rz rrqafrr ' l  in nrnrr i r l - iI  pv u uaruj  
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for  t ransportat ion appl icat ions.  When a power source must propel

i tsel f ,  s ize and weight are always important to overaf l  economy.

The engine would also be weff  sui ted to providing rel iable

alant_- in ^^, . ,o- ,  ThiS iS an rrrcont naod In areas l ike New yOrk
t /vwu! urYvrru rrvvu.
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and minor fa i lures resul t  in rol l ing bl-ackouts.  Even i f  there is

no growth in demand, the electr ic power gr id in the U. S. needs

repfacement gfenerators to take the place of  aging plants.  The

3sorensen, H. A., Energy Conversion Systems, Washington State University Press,
1983.
p.344



alternat ive energy sources avairable today simply cannot provide

1_he nrrwer wi fh enorrcrh re ' l  ia i r i  I  iJ_rz Winr l  :nd qn' lar  nnr. '6urrs I /vwE! wf L- i r  srrvuyrr  !Erf  aUf rruy.  v! I l tL l  _- .s p_,,_f  afe

dependent on t .he weather,  the qeographic rocat ion and the t ime of

day; geothermar power is dependent on geography; hydro-erectr ic

power requires vast  amounts of  water and rand, fuel  cel ls require

cont inuous in ject ion of  unstabre chemical-s and burning fossi l

fuels and biomass necessar i ly  produces air  pot lut ion.

conservat ion can not do i t  a l l  e i ther.  A crean, rel-at ivery

inexpensive energy source courd read to impressive gains in

product iv i ty and standards of  l iv ing.

Since nuclear reactors produce their  power wi thout

combust ion,  a c losed Brayton cycle can be used..  There are

numerous texts that  descr ibe the theoret ical  cvcle in detai t .  I

wi l f  concentrate on a proposed real  system that shows some of the

advantages of  the cyc]e.  The inherent f lexibi l i ty  of  qas turbine

design dictates that  t .h is is only one of  an inf in i te number of

var iat ions on the concept.  Figure 1 is a schematic representatron

nf 1- hc nrnnnqar l  r laq i  an
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The hel ium would be compressed and forced through the channels

inside the reactor where i t  would be heated. The hot,  pressur ized

.ra.q worr ld i -hen e:rnanr i ' i  n fhe tUrbine and be exhauSted intO theYqe

exhaust plenum. I t  would then be drawn past t .he coolers by the

suct ion of  the compressor to start  the cycle al l  over again.  I

have made choices that keep the cycle as s imple as possible.  I

l ike systems that are inherent ly stable and require the lowest

possible maintenance.

The enclosed volume is in i t ia l ly  f i l led wi th hel ium gas at

c lose to atmospher ic pressure.  Al though atmospher ic air  could be
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speci f ic  heat t ransfer coeff ic ient  (approximatel-y f ive t imes thar-

of  atmospher ic air)  which almost compl-etely makes up for the fact

that  i t  has a low molecul-ar weight (approximately one seventh that

of  atmospher ic air .  I t  has a Iow microscopic cross sect ion for

absorpt ion of  neutrons, prevent ing i t  f rom affect ing the neutron
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This feature aI l -ows for a vast ly reduced shielding weight over
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i tsel f  would have to be shielded instead of  having to shield largre

components l ike steam generators and pressur izers.  I t  is  an inert

gas so i t  wi l l  prevent corrosion on the surfaces of  the enqrne.

r t  rs stable and non f lammable,  unl ike hydroqen which has some of

the other benef ic iaf  character ist ics.  FinaI ly,  i t  is  inexpensive

enough to be used to f i r l  chi ldren's balroons. r  have chosen to

keep the he] ium pressure row so that there is not a leakase

problem and so that there is no need to construct  a th ick wal fed

pressure vessel  to contain the gas. r f  there is no way for the

reactor coolant to leak,  one of  the qreatest  worr ies about current

plant designs would be el iminated.

The core that r  wourd use is one that has been desiqned to

use high temperature hel ium gas as a pr imary loop in a steam

prant.  The core consist .s of  numerous fuel  rods that are made up

of carbide and ceramic coated uranium pel lets.  These pel lets are

r leeicrncr l  l -n ur iJ_hqfanr l  tamnara1_rrraa rrn rn ' ) - -uEoryrrsu LU wrurroLqrrv uvrrr l :c- fdtureS up tO 2255 "K without melt ing.



The rods are sfender in order to maximize the area avai labfe for

heat t ransfer.  In order to ensure that the temperature l imi t  is

never approached even under the worst  case cool ing condi t ions,  the

gas operat ing temperature is maintained at  960 oK.4

Sea wat.er would be used in the coolers s ince i t .  is  an easi lv

obtained heat s ink for  shipboard use. The sea water f low could be

control l -ed through the use of  var iable speed pumps to regulate the

inlet  temperature to the compressor.  This type of  cool ing system

has been in widespread use for many years and the factors involved

' i  n i ts desion are wel l  knOwn. AnOther inforos1_ ind 11r. lqei l . r i l i r - r r!veulr lY t /voolvrr fLJ

would be using forced air  f low across the enclosure.  I f  the

enclosure is made of  a corrugated mater ia l  wi th a high overal l

heat t ransfer coeff ic ient ,  th is would be wel l  sui ted for  land

l ' r :  car l  qrzq'Famq

A compressor and turbine system would be required which

opt imizes the performance of  the system within the constraints

imposed by the reactor core temperature and the assumed.

temperature of  sea water.  The select ion would also be based on

the required power output of  the turbine system. I  have chosen to

require an output power of  30r000 shaft  horsepower so that the

design can be compared to the LM2500 gas turbines that now power

over 100 ships in the US Navy.

The calculat ions for  the enqine performance are

straightforward. The equat ions to anaryze the parameters of  a

aMil ler, P., "A Comeback for Nuclear Power?
Geographic,  Vol  180 No.2,  Aug 1991,p.  65

Our Electr ic Future", National



closed Brayton cycle system are avai lable in many standard texts.

Hel ium behaves as an ideal  gdsr so several  s impl i f icat ions that

give good resul ts can be used. The speci f ic  heat rat io (k)  is

assumed to be constant for  the range of  operat ing temperatures

used. The constant pressure speci f ic  heat t ransfer coeff ic ient

(c^) is considered to be consranr.
v

Although indiv idual  calcul-at ions are s imple,  the design of  an

operat ing engine involves an i terat ive process. Changing one

parameter (compression rat io,  max temp, compressor in let

temperature,  compressor ef f ic iency or turbine ef f ic iency)

6ramat i  r :a ' l  ' l  rz 6,hanaac r-  ha ^orformance Of the eno. i  ne When textSvrrYralu.  fYrJ

discuss ideal  Brayton cycles,  s imple statements about the

relat ionship between pressure rat io and ef f ic iency or max

temperature and ef f ic iency are made which are not necessar i ly  so

simple in the real  wor ld.

The f i rst  set  of  computat ions involved f inding the correct

n16cc,1FA r=f  in fOr fhe c1^;mnfeSSOf .  In an i jeal  r - rzr- ' l  e_ylsDDulu !o.Lr\ ,  
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increase in the pressure rat io would lead to an increase in the

eff i r : iencrz Wi l -h A reAl r- rzr- l^  ' . ' ] .^-^ f l -^  r tAAk r . rzcla fomnor: t r r ro rqs!! !ursrrvJ.  yr f  Lrr  q !Eq! uyurE wI lcIE LI Ig r___-

f ixed by mater ia l  constraints,  a di f ferent resul t  is  obtained.

The resul ts of  the calcufat ion for  an in let  temperature of  3O0oK

, ^ -  ̂ (-\--and 960"K are shown in the berow graph. (The assumed compressor

eff i r : ienr:w is 90% and the turbine ef f iCienr:v is g5? fha nraoc, l rau!! f  vrufrv_),  ru JJ a.  f  r rE I r !gDDurc

drops in the reactor and in the cool-er are ignored. )
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For a real  appl icat ion,  the pressure rat io for  maximum

eff ic iency is not necessar i ly  the best choice s ince the power

output is also important.  The below graph shows t .he relat ionship

hat-  r . raan t_ 1-ra nrgssgfe fat iO and the net WOrL Aqqrrmi na l [3[  theL YYV!J\ .  nOOUrrrr f rY

compressor can create a certain volumetr ic f low rate,  the net work

ia nrnnnrt- . innal  fn fha nnr^uar nrr1-nrr1.  i f  t -he. in lef  nres.ql l fe andulre yvrvv ut /su urru r l f !vu y!s0o9

temperature are hel-d constant.
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The peak in net work occurs at  a l -ower pressure rat io than

the peak in ef f ic iency.  However,  that  choice would lead to a big

r t ran - i  n n.rn ' l  a ef  f  i  r : i  enr:w. Rrr  r -hor.rs i  no a preSSUre rat iO that iSvf vf  u vrrvvvrr lY

near the peak j -n both net work and ef f ic iency,  the enqine

performance can be opt imized. I t  seems that the pressure rat io

that gives the highest product of  net  work and ef f ic iency woul-d

give the best resul ts.  For my engine design, I  would chose a

compression rat io of  5:1.  Since the pressure r ise per stage in

real  compressors is relat ively constant,  a low pressure rat io

requires a compressor that  has fewer stages. For comparison, i f

the same pressure r ise per staqe as the LM2500 is assumed (L. I92) |

the compressor woufd have nine stages to perform i ts task instead

of the 1,6 stages required in the LM2500. In fact ,  a s imple,  one

stage centr i fugal  compressor could be used to produce a 5:1
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To give the power output equaf to an LM2500, the engine would

require a volumetr ic f low rate of  IB2 l i ters of  hel ium per second.

This is about three t ime the volumetr ic f ]ow rate of  an LM2500,

but i t  is  an easi ly achievable value. Since heat t ransfer is

direct ly related to mass f low rate,  some observers have suggested

that the hel ium could be pressur ized to reduce the required

volumetr ic f low rate.  6 I  would shy away from this approach.

The higher system pressures would require heavier boundar ies or

piping systems and woul-d lead to quest ions about the safety of  the

system in the event of  a leak.  The predicted thermal-  ef f ic iency

of 38% compares favorably wi th the 36.1 % of the standard navy

encl ' i  nc Th' i  s ef f i  r - i  enr-rr  i  s  not a I imi t incr ef f i  r - ' i  cnr-rz-  i  mnrorrer lu!rru!ErrvJ,  l lLLlrrvvuq

compressor and turbine ef f ic iencies would improve i t  as would

improved reactor mater ia l -s that  aI l -owed higher core temperatures.

Some proposed reactor desiqns already predict  temperature l imi ts

on the order of  1500 2000 degrees K. With peak cycle

temperatures th is high, the engine ef f ic iency would approach 60' , ; .

The below graph gives an i l lustrat ion at  a f ixed pressure ratro

that takes j -nto account the compressor and turbine ef f ic iencies.

SSaarlas, Maido, Steam and Gas Turbines for Marine Propulsion.
Press,  Annapol is,19B7. p.  141
6couge, Michael, 'HTGR Gas Turbine Power Plant for Submarine
21st Century",  The Submarine Review, July 1991, pp. 86-90

Naval Insti tute

Propulsion in the
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Even though the ef f ic iency is great ly improved over current

designs, that  is  not reason enough to change the ent i re

infrastructure devoted to producing pressur ized water reactors.

However,  the fact  that  the design is comparat ively s imple,

I ightweight,  and modular is reason enough to invest igate making

the switch.  The necessary equipment is modern, but not exot ic or

complex.  Many of  the nuclear power t ru isms that are related more

to pressur ized water steam plants than to nuclear f iss ion would be

disproved.

The engines are not yet  being produced, but they could be in

a short  per iod of  t ime using exist ing technologry.  They would

immediately reduce the burning of  fossi l  fueIs,  e l iminate the idea

that nuclear power plants can never achieve ef f ic iencies of  bet ter

than 30%' provide an arternat ive to heavy, space consuming steam



plants in submarines and provide an al ternat ive to surface ship

power plants that  burn on the order of  72,000 pounds of  fuel  per

hour per engine. They wou]d give ut i l i t ies a wav to produce

clean, safe electr ic i ty for  their  customers in a way that would

not bankrupt them. Even though there is a f in i te amount of

potent ia l ly  f iss ionable mater ia l  in the wor ld,  that  amount is

extremely larqe. U-235 and Pu-239 are not the only elements that

could be used. IJnl ike convent ional  nucrear plants,  gas coored

reactors are wel l -  sui ted to breeding new f issionable mater ia ls and

to using energet ic neutrons to f iss ion most t ransuranic elements.

r f  the core is desigrned to consume most of  the t ransuranics,  even

the waste problem is reduced from one of  thousands of  years to one

of a couple hundred years.  The technology is avai lable,  a l l  that

is needed is the wi t r  and a few dedicated dreamers.


