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NUCLEAR POWERED ATRCRAFT

Opening Remarks

The phrase "Huclear Powered Airerafi" has changed over the years, from
a phrase that scunded intriguing, intensely interesting, and excitingly romantic -
to a phrase ringing of stupid politics, blood and guts engineering, and just plain
oid hard wark.

I have had the pleasure of being a part of the "Nuclear Powered Air-
araft! Program for the past 5-1/2 years, with all of its ups and downs - and
there have been many downs.

I have watched, and had a part in, the hiring into the large aircraft
companies, of the young brilliant nuclear physicist, with the fate of the world
resting squarely on his intelligent forehead, only to watch him grow unhappy, dis-
gruntled, and finally quit because of the slow progress, or many program cut-backs,

Tedey, the program is limping along, licking its wounds, and making slow
but steady progress. In this presentation I will give, within the limits of
security, some data on the different types of problems encountered and some idea
of the types of aircraft being considered.

1T

e will first take a look at schematics of the proposed power plants.

Fig. 1 shows an over-simplified schematic diagram of a reactor. It is made up of
a cerntral core where the fuel (uranium) is located, and where the heat producing
fissic process takes place. Heat is removed from this core by a coclant such as
air, water or liquid metal., This core is surrcunded by a moderator, whose basic

function iz to mcderate (slow down) and reflect the neutrons back into the core
at the correct velocity to conbvinue the fission precess. Because there is a large
leakage of neutrons and gamma rays from the core through the moderator, it is
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necessary to shield the reactor and moderator. The shielding of gamma rays ye-
guires & very dense material, like lead, and therefore it ic Jocated cleose in to
save weight. The nant“on shielding is lighter {water as an example) and is Iccated
farther oudb.

Fig. 2 shows scme of the proposed propulsion cycles for airerafi, In
the upper left cormer we see the most direct application: that of heating the pro-
pulsive air by directing it through the reactor. Air enters the jei engine, is
compreszed by a compressor in the usual manner, then passes through the reactor
where the heat of fission is transferred direstly to the airj; then expanded
;h“ough a normal turbine and expelTed through the tail pipe producing thrust. This
T nrg ins can have the usual afterbumer burning ordinary aviation fuels, if de-~
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Snielding is difficult for this cycle because of the large air passages
vaquired through the snislding.
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On the rignt hand side of the illustraiicn %
cyclzs, where the reactor heat is transferred to a medium which in ;“rn transfers
its heat to the engine air {similar to the radiator in your car)}. Onz ¢f the
advantages is the use of a denss heat transfer medium resuliiing in smaller re-
actor heat itransfer surfaces and tnerefore smaller rea:no-, and &lsy smaliler
holes through the shielding. A diradvantage is the plumbing involwved and ihe
loss of hea{ because of two transfers.

n w2 have &nother possitle

Either of these cycles can use normal aviation fuel in acdition to or
in place of nuclear power &s shown in the central figure.

Tne next few illustraticns will indicate some of the pretlems associzted
with designing nuclear aircraft., The problem that designers and physicists have
been battling for years is the shielding problem. as previously discussed we in-
dicated the necessity for heavy lead and water shielcding %o capiurs ths neuiron
and gamma ray radiation., Fig. 2 shows two methods of shielding: on the right the
unit shield where 211 the shielding is at the reactor, resulting in low radistion
throughout the aircraft as indicated by the light color. On the left we sse the
divided shield concept where the shielding is distributed arcund the reactor and
also around the crew, Tnis latter method iz lighter (provided the crew is small
enough - usually the case in combat type aircraft):; however, it has the disagvane
tage of allowing & higher dose to escape from the reacior and therefore the zir-
craft structure and components are in a kigher radiation field. Alsc this makes
it difficult to nandie the airplane.

The curve shews the divided shield being lighter and 2lso the trend of
getting more power per unit of shield weight as the power is increased. This. cf
course, tends toward larger airplanss, but other factors, such s handling, cest,
etc., prevent us from taking full adventage of this.

Radiaticn of the aircraft comgonents and structure alsc causes damage.
Fig. L shows some of the more common materials used in airframes and components
and their appreximate life under normal estimated radiation fielids associated
with the divided shield type eircereft, It is obvicus thai ne structural problem
exlsts; however, oils, lubricants and rubbers will require some develooment.
Electronic systems are not shown because of the security involived, but many pro-
blems extisit; however, programs are underway to solve these problems

Ancther problem to contend with is the aircraft activation, ¥eutron
bombardment of the airframe compeonents and structure causes them to become radio-
active. When the activating source is removed the activaied part continues to
radiate but therse is a reducticn ¢I radiation per tire. This is indicated by
Fig, 5. This illustration shows typical airframe activation per time after re-
actor shut-down, and with the power plant removed from the zirframe, The arrows
indicate areas outside of which a man can work under normal laboratory tolerances
as get up by AZC, This does not mean there is any danger inside thess areas; it
only means the men woulc work a shorter time than the usunal 40 hour week and rea-
sonable personnel rotaticn could handle this problem. It must be remembered that
this would vary greatly depending ugon the amountof shielding used. A unit
shielded airplane could bz designed to have no such activation prcoblem.
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Yaving discussed the nuclear power plants and the major nuclear problems
in broz3 gensral terms, now le® us be a little more specific and see what types of
aircraft might resuii. Fig. % shows a typical attack type aircraft. It is a delta
wing airplane utilizing a ¢irect air cycle type power plant as shown schematically
in Fig, 2. This type aircrafi requires a highly diviced shield resulting in high
dose rates threoughout the aircraft; however, the crew is housed in the crew shield
aznd is subjected Lo reascnable dose rates, These dose rates are cliassified; how-
ever, they can ke given in allowabie pilot nuclear cruise hours per year as indi-
cated., Ths next illustraticon will discuss this in more detail.

This airplape is designed to either penebrate at high subsonic speed at
sea level ¢r supersonic speed zt high altitude. The low altitude mission can be
performed on nuclear power only; however, the high altitude supersconic mission re-
auires chemical fuel augmentation. This is reflected in the increased weight when
thigs fusl is added. This brings us to one of the undesirable present day limita-
tions of nuclear power - that is, maximum operating temperature. At present, and
for some years to come, reactors nave & maximum operating temperature resulting
from matallurgical limitations. The turbo jet engines being coupled with the re-
actors do nct have this temperature restriction, and can therefore use chemical
fuel to develop higher thrust when desired.

The radius of 8000 n.mi, and 590 n.mi. - as shown - are for broad
general range indications only, and could be easily extended with a small in-
crease in dose rate to ths crew.

Fig. 7 indicates the dose to the pilot of the aircraft described on the
iast iliusiration. After looking at the career of the average naval aviator we
concluded that with this dese iimit it is reasomable to stay within National
idcadery of Sciences and Maticnal Bureau of Standards radiation limits., The lower
of the two (National Academy of Sciences) is indicated on this illustration. DBy
rotating the pilob's duty between shore duty and active nuclear aircraft operation,
total dose for his career will be 90 EEM. This leaves at least 10 REM mergin for
backgreund radiation, X-Rays, etc. It should be noted that the system of duly
rotation is not unusuai. It is done as a normal procedure.

Te number of hours of muclear flight per year that the pilct would be
permitted to fly, with and without augmented shields, is shown in the lower right
hand corner of the illustration. The augmented shield would be increased in
waight by the amount of paylcad, for pilot training on nuclear power, These
numbers are considered reasonable in light of the fact that present day non-
nuclear aircraft of this cetegory rarely exceed 300 hours per year.

Tae nuclear turbojet powered attack aircraft uses a divided shield -
pert of the shield material is ¢n the reactor and part around the crew compariment
- in order i¢ avoid sxcessive weight penalties. 4s a result, the radiation dose
rates are guite high outside of the crew compartment during reactor operation.

Fig. ©

shows the estimated service 1ife of various materials at several
acaticens in the h
4+

Many materials offer no problem, of course, but others may
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You wiil recall that cne of the problems asscciated with nuclear pro-
pulsion is activaticn and after~shutdo adiati the attack aircraft us-
ing the direct air cycle turbojet comsiderable gamma radiztion resulis from fission
product cecay in the reachor after shut-dewn, i@ table on Fig, 9 shows the after-
shutdown activity fram the airframe oniy in millirem/nr. Iaboratory tolerance is
presently established at 300 millirem/week. The power piznt has been “emcved from
this aircraft in order to perform service and walntenﬂnre within practical time
limits. With the engine installed ithis is impessidle. In aciual or—ctlcs scme
functions such as servicing for rapid turnaround would probably be dens by remote
procedures while other fumctions such as periodic inspsctions would bte done with
the power plant removed.

+

rplane which might be used

Fig. 10 shows a nuclear turboprop powered a
a3 or stand-off attack,

for a number of missions such as ASW, AEW, barrier p 1,

This aircraft has a unit shielded direct air cycle reactor made possible by
separating the reactor from the engines. The decse tc the crew is low enough that
the endurance of the aircraft is limited only by the physical endurance of the
crew. Also, there would be no radiation activation or “amage resulting from such
a low dose.

This aircraflt weighs greater than 400,000 1b., but it should be emphasized
that it has not been optimized to zn optimum powsr plarnt. Instead it was desigred
to use what is considered the earlisst nuclear power plant which couls bs made
available. The aircraft could have been considerabdly smaller with an cptimum power
plant.

This power plant consists of (L) existing turboprop engines modifie
nuclear power by removing the bumers and installing scrolls fo pips th
from the compressor to the reactor and back to the furbine, The react
a low temperature adaptation of current state-of-the~art development
air cycle.

This aircraft can aliso take advantage of reactor dezvelopment advances
and higher temperatures without becoming obsolets By using hignher tem

smaller reactors can be used thus incrszsing the paylocad.

In summary, two possible programs can be pursuad icoward develapment of

nuciear powered aircraft. They are:

Turboprop
1. The fastest, =zasiest program would be & subscnic
turboprap alrcraft bscause it would uss exissing

compenents and technology.

2. Low radiation from the unit shislded reactor would
eliminate radiation activation and damags ihus
minimizing the cperating and handiing protlsms.

1.

3. It is also important to note that this would be a
logical develioprment program, Acdvanced dzta on
powerpiant cperating techniques, servicing and
raintenance problems and general osperating problems
associated with & nuclear rsactor can be investigated

at low risk to personnel and eguipment.



Turbo jet

1. Tne turbojet powerplant is now under development
but needs an advance in tachnology over the turbo-
prop powerplant,

The operating and handling procedures necessary te
cbtain optimum use of the turbojet aircraft need
irvestigation and development which can bz accom-
piish=d in part with the turboprep aircrait.

™

If only cur peliticians, military leaders, and numerous Department of
Defanse committess would realize that even with our first crude power plants we
can shew useful nuclear powered airerafi - and if tney would cnly rememver the
ubterly useless Wright Bros. airplane - and if they would only remember the low
performance of our first Jjet powsred aircraft - and if they would realize that
these embryo beginnings are developing a knowledge of aimost unlimited possi-
bilities - then maybe they would get off their broad backsides and help this
country to be first with The Nuclezr Powered Aircraft,
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- MATERIAL - 10FWD | 10AFT SO'APY
TEFLON 75 4 0.2 2z

TYPICAL LUBRICANT 1670 25 5 50
NEOPRENE'0' RING 15,000 210 &2 420
GREASE 33,300 500 100 1600

ESTIMATED SERVICE LIFE IN HOURS

AIRFRAME| SRSATER | 50 | 30" | 107 | 10° | 30" | 50
ACTIVITY | 30 100 | 420 420 | 100 30
ONLY 6 1O 3 130 {30 31 10
MR/HR|[ 20 6| 24 24| 6




NUCLEAR TURBOPROP AIRCRAFT

LOW TEMP. REACTOR
UNIT SHIELDED

EXISTING MODIFIED TURBO

PROP ENGINES

GROSS WEIGHT -)400,000 Lb.
CREW
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FIG. 11

SUMMARY

| TWO POSSIBLE
| PROGRAMS

.
TURBOPROP

TURBOUJET

{ FASTEST,EASIEST PROGRAM~USES
EXISTING COMPONENTS § TECH.

2.LOW RADIATION- MIN.OPERATING
AND HANDLING PROBLEMS.

3.G00D DEV. PROGRAM~ISUSEFUL
A/CAND DEV. ADVANCED DATA.

1. POWER PLANT NOW INDEVELOP-
MENT BUT NEEDS ADVANCE TECH,

2.USEFUL A/CFOR DETERRENT
FORCE BUTNEEDS ADVANCED
OPERATING AND HANDLING
PROCEDURES.
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