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SUMMARY

A preliminary stuldy wes made of the feazsiblility of three cycles for
nuclesar propulsion of sircraft: a direct-alr turbojet, a blinery liguld-
metal turbojet, and a helium-compressor Jet.

The enalysis Indicated that all three cycles may tentatively be
considered feaslble for £light et a Mach number of 0.9 and altitudes up
to at least 50,000 feet. The direci-alr and helium cyoles resulted In
heavier aircraft to carry a specifled pay load than dld the liguid-metal
cycle.

The liquid-metal cycle appsared feasible for flight at a Mach
number of 1.5 and altitudes up to 50,000 feet (meximm altitude investi-
gated at Mach number of 1.5). With the shields considered, however, the
direct-alr and helium cycles resulted in considerably heavier alrcraft
than for the liguld-metal cycle at this Mach nmumber.

The relative advantage of the liguid-metal cyocle, as indicated by
the minimum airplane welight required to carry a specified pay load,
became greater as the flight speed and altitude lnoreased and as the
reactor-wall temperature decreased.

INTRODUCTION

Analyses are belng made at the NACA Lewls laboratory to determine
the feasibllity of various cycles for nuclear propulsion of aircraft.
These studies are intended to reveal the propulsion cyecle, or cycles,
thet will result in the lightest alrplane tc carry a specified pay
load, and an effort is also belng made to define the optimum engine

*Pesed on paper presented at Ailrcraft Nuclear FPropulslion Information Meset-
ing at Oak Ridge, Tennessee, May 12 and 13, 1850.



2 NACA RM ES0Hz4

design conditions at various flight speeds and altitudes. Some of the
results that have been obtalned to date are presented hersin where the
performsnce of three cycles ls consldered. These cycles are a direct-
alr turbojet, a liguld-metal turbojet, and a helium-compressor Jet.

Inssmich as the feasibility studles are lncomplete, the present
results must be consildered as preliminsry and therefors subJect to
additional refinement and revision. Further, it is realized that
enalysis alone cannot yileld a conclusive enswer as to the most feaslble
cycle. For example, in the present analysis, the exlatence of suiteble
reactor materials for operation at the wvarious temperatures, heat-release
rates, and coclant flow rates is Implicitly assumed. A considerable
amount of experimental and development work wlll be required for an
accurate indication of the limitations imposed by materials on reactor
operating conditions, which will permlit a more realistic evaluation of
the feasibllity of the various cycles.

DESCRIPTION OF CICLES

Direct-alr turbojet. - The components of the direct-air turbojet
are schemgtically 1llustrated 1ln fligure 1. Alr enters through an inlet
diffuser and passes through the compressor into the reactor whers it is
heated by contact with the walls of the reactor flow passages. From the
reactor, the air expande through the turbine and the exhaust nozzle asa
in the conventlonal turbojet. Inasmuch as the optimm performance of
thig system occurs &t relatively high compressor pressure ratios, an
intercooler was Included between compressor stages.

Llquid-metal turbojet. - The liquid-metal turboJet 1s shown in
flgure 2. It is. a blnary system In which the liquid-metal coolant is
pumped through the reactor and the heat exchanger. Alr enters a diffuser,
pesges through the compressor and heat exchanger, and then expands
through the turbine and the nozzle.

For the present study, the liqulid-metal coolant was asssumsd to be

Hellum-compressor Jet. - In the hellum-compresscr Jet illustrated
in figuregg; helium at high pressure oclrculates through reactor, turbins,
heat exchanger, and compressor. The excess turbline power over that
required for compression of the helium 1ls delivered through gears to an
alr campressor in an open cycle. In the open part of the cycle, alr
enters through a diffuser and passes through the alir compressor into the
heat exchanger. From the heat exchenger, the alr expands through a
nozzle to provide the propulsive thrust.

1403
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Only the cowmpregsor Jet arrangement will be congidered herelin. A
Tew calculations have been made, however, for two other conflgurations.
In one of these conflgurations, the excess power from the helium turbine
was dellvered to a conventional propeller. In the other conflguration,
the helium turbine supplisd only enough power to drive the hellum
compressor. The alr compressor was driven by an alr turblne located
downstream of the heat exchanger. The configuration shown in figure 3
resulted in slightly higher velues of thrust per unlt englne weight than
the other two at the conditlons Investigabed.

ASSUMPTIONS

Bngine components. - In the analysls of the three cycles, the
efficlencles and the weights of the various engine components, such as
compressors, burbines, pumps, and heat exchangers are, insofer as
possible, representatlve of the best current practice. Some of the
pertinent assumpblons regerding component performsnce for the three
cycles are llsted in the following table:

Direct alr | Liguld metal | Helium

Diffuger recovery factor
{(ratio of actual o
theoretical total pressure):

Mach number, 0.9 0.96 0.26 c.98

Mach number, 1.5 .95 .95 .95
Compressor smell-stage
efficiency .88 .88 —_——
Compressor adiabatic efflclency:

Air . —— ———— .85

Helium —— ———— .85
Turbine adisbatlc efflciency .90 .20 .90
Exhaust-nozzle veloclty coefficient .96 .97 .87
Intercooler coollng effectliveness .50 ———— ————

Reactors. - The reactors were, in general, assumed to be cylinders
of equal length and diameter. A minlmum length end diameter of 3 fset
(based on nuclear considerations) was set for the gas-cooled reactors,
otherwise the slze was determined by heat-transfer limitations, and was
allowed to very as necessary to obtaln the regulred engine thrust.
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Preliminery calculetions for the liguld-metal cooled reactor indi-
cated that e minimum diemeter of 2.5 feet, as limited by nuclear consider-
ations, might be feamible. Because of the uncertainty of the actual
nuclear limitatlon on reactor size, however, calculations were made for
both 2.5- and 3.0-foot reactor diemeters. With each of these sizes, the
heat relesse wes varied es necessary to obtain the regquired engine thrust.
The use of a constent reactor size, irrespective of heat release, was
posglible because, in general, heat-btransfer considerations d4id not appear
to impose a size limitation on the liquid-metal cooled resctor, as was
the case for the gas-cooled reactors.

A few calculations were also made for a split-flow gas-cooled
reactor at operating conditions where the stralght-through gas-cooled
reactors were large. In the split-flow arrangement, the reactor is cut
by a transverse gap midway bebtween the ends. The coolant flows into this
&ap, through the reactor, and ocut both ends. The split-flow arrangsment
vermits a specified flow erea to be obtained with a smaller core diamster,
and hence with a lighter shield, than the single-pass cylindricael reactor.

Shield welghts. - Two typea of shield were considesred. These are
the Integral, or unit, shield and the separated shield.

The integral shleld 1is essentially a thick jJacket of high-demsity
material surrounding the reactor. For most of the calculations,
the welght of the iIntegral ghield was based on a specific gravity of 8.0
and a thickness of 2.5 feet. A few celculatliona were alsoc made to show
the effect of varying the shield thickness on airplane weight with the
liquid-metal cycle.

The separated shield, which was considered only for the air-cooled
reactor, consiste essentially of a Jacket of a relatlvely low-density
meterial surrounding the reactor and a separate lead compaxriment for the
airplane crew. For the present investigatlon, the weight of the separsted
shield was based on the followlng configuration: The reactor was assumed
to be surrownded by 4 inches of lead, which in turn was surrounded by
4 Peet of water and a steel contalner. The crew compartment was assumed
t0 be a hollow lead cylinder closed on the end facing the reactor. The
length and the dlameter of the crew compariment were taken as 18 and
7 feet, respectively, and the welght was approximately 100,000 pounda.

The ghield weights for the gas~coocled reactors were increased to
account for ducting the coolent into and out of the reactor.

For the present analysls, the Integrel and separated shields for the
alr-cooled reactor have the same welght for a reactor length and diamster
of 3 feet. Por smeller reactors, the Integral shield is lighter and for
larger reactors the separated shleld is lighter.

CN*#
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Airglane atructure weig%’c. - The alrplane structure welght was
assumed to be 35 percent of the gross welght. This fractlon of the
gross welght represents a mean value obtalned from & survey of current
large aireraft. The rablic of structure to gross weight will probsbly
very with airplene and power-plant deslgn, and possibly with alrplans
size and design T1light conditlon. More refined values for the structure
welght would, however, requlre detailed design studies, which were
beyond the scope of the present preliminary study.

Alrplene l1ift-drag ratlo. - The airplene 1ift-drag ratlio was assumed
to vary with flight Mach number, as shown in figure 4. This curve was
obtained from a survey of existing data and represents whet is felt to be
a reasonable mesn. The pregsent analysis wes mede for flight Mach numbers
of 0.9 and 1.5 for which the lift-drag ratlos are 18 &nd 9, respectilvely.

Fo limit was placed on the ailrplene wing loading end no consider-
atlon hes been given to take-off or landing limitabions,

METHODS

The evaluation of the three cycles considered in the analysis is,
In gensral, on the basis of the alrplane gross welght required to carry
a8 pay load ef 20,000 pounds. )

The performance of each cycle was considered optimm at a given
flight speed, altitude, and reactor-wall temperature when the gross
welght to carry the speclfied pay load was & minlimm.

The performance of the direct-alr cycle wes optimized at each flight
conditlion and reactor-wall temperature by varying the mass flow rabe of
alr In the reactor through 2 range of values at each of several cacapressor
ressure ratios. The combinatlon of reactor air flow (or reactor pressure
drop) and compressor pressure ratlo resulting in the minimm airplane
welght was considered to be the optimmm englne design condltion.

The performance of the llguld-metal cycle was optimized by varying
‘the heat-exchanger pressure drop ani compressoy pressure ratlo through a
range of values at each flight condltion end reactor-wall bemperabure in
much the same manner as for the direct-alr cycle.

The performance of the hellum cycle was optimized in & mepner similer
to that for the other cycles, except that several sdditional veriables
were considered. These were the helium compressor pressure rablo, the
pressure drop of both helium and alr Iin the heat exchanger, the warming
end cooling effectiveness of the heat exchanger, and the ratio of helium
flow to air flow.
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RESULTS AND DISCUSSION
Comparison of Cycles at Mach Number of 0.9

Bffect of compressor pressure ratlo. - For a given flight condition
and turbine-inlet temperature, the engine thrust and weight, end hence
the alrplane welght, is a function of compressor pressure ratio and a
pregsure ratlo exists for which the alrplane welght required to carry a
specified pay load is a minimum. Thils relation is 1llustrated in figure 5
where the alrplane gross weight required to cerry a pay load of
20,000 pounds 1s plotted agalnst compressor pressure ratio for each of the
three cycles. The curves are for flight at a Mach number of 0.9 and an
altitude of 40,000 feet. The reactor-wall temperature is 2300° R and the
turbine~-inlet temperature is 2100° R.

The gross welght for the air cycle hes & minlmmm value of about
525,000 pounds at a pressure ratio of about 44. At the point of minimum
welght, the reactor diameter is 3.25 feet, and it Increases to about
5 feet at a pressure ratio of 20. The curve 1s bagsed on the use of an
integral-type shield having a thickness of 2.5 feet and a specific gravity
of 8.0. Inasmuch as the reactor size at the point of minimum gross weight
is only slightly greater than that for whlch the Integral and separated
shields welgh the same, the ugse of the separated shield would result in a
decrease in gross welght of only 5 percent.

The optimum pressure ratic for the air cycle decreases as the
reactor-wall temperature is decreased and as the flight speed 1s increased.
For example, although not shown In figure 5, a reductlon of wall tempera-
ture to 2000° R decreases the optimum pressure ratio to about 30 for the
Tlight conditions shown. At the same altitude and temperature as imdicated
in the figure, an increase in flight Mach number %o 1.5 reducea the opbimum
pressure ratlo to about 15. At constant Mach pumber and temperature, the
optimum pressure ratioc Inocreases slightly with altltude, at least for
altitudes up to 50,000 feet.

The curve for the helium cycle represents the variatlon of helium
compreasor pressure ratio. The minimm gross welght is about
550,000 pounds and occurs at a pressure ratio of about 3. The correspord-
Ing air compressor pressure ratio remalns nearly constant at about 2, as
indicated by the vertical line. The reactor dlameter is 3 feet at the

minimum point.

The liquid-metal cycle glves the lightest alrplane at the conditlons
shown, with & minimm gross weight of approximately 330,000 pourds at a
pressure ratic of about 10. Use of the alr cycle results in an airplene
that 1a over 50 percent heavier than that with the liquid-metal cycle at the
same flight condition. Also much higher pressure ratios are required with

1403
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thelr atitendant development problems. The pressurs rabtlo for the
liguid-metal cycle 1s In the range of current practice, and the cycle
is relabtively linsensitlve to changes In pressure ratio. For example,
the gross welight at a pressure retlo of 5 is only 4 percent greater
than the minimm.

Because the reactor length and dlamster for the liguld-metal cycle
are constant at 2.5 feet, the integral type of shleld was used. Increas-
ing the reactor size to 3 feeb would Increase the gross welght to sboub
390,000 pouwrds, which 1s still appreciably lighter then wilth the ges
cycles at the flight condltion considered.

The optimum pressure rabio for the liguid-metal cycle is relatively
insensitive to changes in altitude and Temperature. It decreases, how-
ever, with increasing flight Mach number, belng about 5 at a Mach number
of 1.5.

Effect of reactor-wall temperature. - A comparison of the performence
of the three cycles as affected by reactor-wall temperature ls made In
figure 6. Alrplane gross welght, for 20,000 pounds pay load, is plotted
against reactor-wall temperaturs at a £flight Mach number of 0.9 and an
altitude of 40,000 feet. The turbine~inlet temperature is 200° R below
the reactor-wall temperature.

At the point where the two curves for the alr cycle mset, the
integral and separated shlelds weigh the same. The reactor length and
the diemeter at this point are 3 feet, which, as previocusly stated, wes
the minimum gize considered for the gas-cooled resctors. The correspond-
ing wall temperature is slightly less than 2400° R and the gross weight
is about 500,000 pounds. As the wall temperature is decreased, the
reactor size and alrplane gross weight incresse quite rapidly. At a wall
temperature of 2000° R, the airpleme would welgh well over
1,000,000 pounds wlth the integral-type shield, and sbout 650,000 pounds
with the separated shleld. Calculations for the split-flow-type resactor
core with an inbegral shield indicate that at 2000° R the weight might
be further reduced to about 530,000 pounds.

A single point 18 indicabed for the hellum cycle, which is slightly
heavlier than the air cycle at the same operating condition.

Curves for two reactor slzes ars shown for the liguid-metal cycle.
Figure 6 Indicates that the requlred welghts with the liquid-metal cycls
are again less than with the alr cycle and also that the airplene weight
increases less rapldly wlth a reduction in reactor-wall temperature.
Inasmuch as the slze of the liguid-metal cooled reactor remains constant
over the range of wall temperatures shown, the Increase in alrplane weight
with reduction in wall temperature ls due primarily to the reguired
increage in englne welght.
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Effect of sltlitude. - The performence of the cycles as affected by
altitude is compared in figure 7. The curves are for (0.9 Mach number
and reactor-wall and turbine-inlet temperatures of 2300° and 2100° R,
respectively. Curves representling both the Integral and separated
shields are egaln shown for the air cycle. The point at which the
curves meet agaln corresponds 4o the minlmumm reactor size of 3 feet.
The altitude at this polnt is slightly less than 40,000 feet.

With the integral-type shield, the required airplane welght for the
direct-alyr cycle Increases extremely rapidly as the altltude incresses
above 40,000 feet. The welght Increase with altltude 1s much less wlth
the geparated shield; however, even with the separated shield, the
airplane would weigh about 750,000 pounds at 50,000 feet. The use of a
8plit-flow reector wlth an integral shield further reduces the weight at
50,000 feet to about 600,000 pounds.

The polnt for the helium cycle from figure 6 is agaln included, end
Indicates that the helium cycle is sllghtly heavler than the air cycle
at the same altitude.

Curves for the two reactor sizes are Iincluded for the liguid-metal
cycle. Filgure 7 indicates that the required weights with the liquid-
metal cycle are less than with the alr cycle, and increase less rapldly
as the altitude ls lncreased. For each reactor size, the lncrease in
airplane welght with altitude is due to the requlred increase in engine
woight. The gross welghts with the llguld-metel cycle appear reasonable
even at an altitude of 70,000 feel, whereas with the other cycles the
welghts would be prohibitively large.

Effect of pey load. - The results that have besn presented thus far
ere for a constant pay load of 20,000 pounds. This value is, however,
somewhat arbltrary and figure 8 1s included to illustrate the 1ncrease
in gross welght required as the pay load 1s increased above 20,000 pounds.
The curves are for flight at a Mach number of 0.9 and 40,000 feet. The
reactor-wall and turbine-inlet temperatures are 2300° and 2100° R,
respectively.

For the alr and hellum cycles, the reactor size Increases with
increased pay loasd. For the liguid-metal cycle, the reactor length and
dlemeter are constant at 2.5 feet but the reactor healt release per unit
volume incresasses wlth Increased pay load.

Increasing the pay load from 20,000 to 40,000 pounds, or by 100 per-
cent, increasses the alrplane gross welght approximstely 12 percent for
each cycle. Roughly the seme percentege increase in gross welght would
be expected at other flight conditions and temperatures. Closexr

03
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camparison of the two curves for the &ir cycle shows the increasing
advantage of the separated shileld 1n saving welght es the pay load is
increased.

Direct Alr and Helium Cycles &t Mach Number of 1.5

The results presented thus fer heve been for flight at a Mach
mmber of 0.9. Freliminary analyses were also mede for a Mach numbex
of 1.5; the resulta 1ndlcated thait airplanes powered by the direct-alr
or helium cyclea might weigh on the order of 600,000 to 1,000,000 pounis.
If reactor-shield welghts can be materielly reduced from the values used
in thils preliminary study, the alrplane weights for the alr and helium
cycles can be greasbtly decreased. Further study of these two cycles 1s
required for more accurate evaluatlion of thelr feasliblllity abt supersonic
flight speeds.

Liquid-Metal Cycle at Mach Number of 1.5 and Further Evaluation abt
Mach Number of 0.9

The liguid-metal cycle appeared more promising et & Mach number of
1.5 than the direct-alr and helium cycles, and some of the results are

pregented in figures 9 to 11 with addltlonal results for a Mach number
of 0.9.

Effect of reactor-wall temperature, altitude, and Mach nmumber. - The
effect of reactor-wall tempersture on the grogs weight required to carry
a pay load of 20,000 pounds with the liquid-metal cycle ls lllustrated in
figure 9{(a). C'urves are shown for three a.lti‘budes at a flight Mach mumiber
of 0.9. The turbine-inlet temperature is 200° R below the reactor-wall
temperature. The curves are bassed on a 2.5-foot reactor and an inbegral
shield.

The relative Insensitivity of the cycle to reductlon in temperabure
level for altitudes up to 50,000 feet 1s indlcated by the flgure. AL
30,000 feet, a reduction in wall temperature from 2500° to 1700° R
Increases the gross welght fram ghout 300,000 to 340,000 pounds, or by
13 percent. At 50,000 feet, the corresponding welght inorease would be
from 350,000 to 440 000 pounds or about 25 percent., At 70,000 feet,
the weight is about 490 000 pounds at 2500° R, and incresses fairly
rapidly as the wall tempera.tura is decreased.

The sffect of temperature on the performaence of the liguld-metal
cycle is further i1liustrated in Pfigure 9(b). The coordinates are the
geme as before, but in this case the curves are for a flight Mach number
of 1.5, and the meximm altitude considered is 50,000 feset.



10 NACA RM ES50H24

As for the low Mach number, the effect of temperatures on gross
welight 1s relatively emall for the range of temperaturss shown. At
80, OOO feet, a reduction in reactor-wall temperature from 2500° to
2000 R incresses the gross weight from 380,000 to 450,000 pourds, or
18 percent. Further reduction in temperature with the corresponding
decrease 1n thrust would ceuse the englne,and hence the airplane, welght
to increase gulte rapidly at this flight condition.

1403

For any temperature and altlitude, the welghte are heavier at a
flight Mech number of 1.5 than at 0.9. The lncrease Iin airplane welght
with flight speed ls due primarlily to incressed englne weight inssmuch
a8 the same reasctor slze, and hence the seame shlsld welghit, was used at
both Mach numbers. The Increased englne welght 1s due mainly to the
grester thrust requirement resulting from the lower 1ift-drag ratio at
the hlghey flight speed.

Reactor heat-release rate. - In figures 9(a) and 9(b), the reactor
length and dlameter were constant at 2.5 feet so that changes in altl-
tude, temperature, or flight speed resulted 1ln a change in the reactor
heat release per unli volume. Some ldea of these heat-release requlre-
ments can be obtalned from figure 10. Gross welight, for a pay load of
20,000 pounds, 1= plotted against reactor heat release ln kilowatts per
cubic inch of reactor volume. The figure is for reactor-wall and
turbine-inlet temperatures of 2300° and 2100° R, respectively, and
curves are shown for two altitudes at each of two flight Mach numbers.
The right end of each constant altitude curve represents the heat
release required from a 2.5-foot reactor, and the left emd represents
the requirement for a 3-foot reactor. Increasing the reactor diameter
from 2.5 to 3.0 feet at constant flight Mach number and altltude might
be considered to correspond to a reduction in thermel stresses, a
decrease in reactor free-flow ares, a decrease in liquid-metal veloclvy,
and sttendant erosion and corrosion rabte, or a combination of these
changes. [The benefits of the decrease 1n heat-release rate are obtained,
however, at the expense of a heavier sirplane.

At a Mach number of 1.5 and 30,000 feet, the required heat release
decreases from ebout 13 to 8.5 kilowatts per cubic inch as the reactor
core size is Increased from 2.5 toc 3.0 feet. The corresponding gross
wolght Increases from about 340,000 to 380,000 pounds, or about 12 per-
cent. At 50,000 feet, the heat release decreases from about 15.5 to
10 kKilowabts per cubic inch for the same lncrease in reactor size. The
grosg welght lnoreases fram 400,000 to 450,000 pounds, which 1is again
about 12 percent.

At a Mach mumber of 0.9, the required heat releases are mmch lower,
varying from sbout 3.5 to 6 kllowatts per cubilc inch for the renge of
conditions shown. The corresponding heat-release rates for the air-
cooled reactor are of the order of 3 to 4 kilowetts per cubic inch.
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BEffect of shield thickness. - The results shown thus far for the
liguid-metal cycle have been baded on the use of the Inbtegral-type
shileld having a specific gravity of 8.0 and a thickness of 2.5 feet.
Inasmuch as some uncertainty exists as to the actual thickness thatb
wlll be reguired to achieve satisfactory attemnation, figure 11 l1s
included to 1llustrate the change in gross weight that might be expected
to accompany & change in shield-thickness requlrements. Gross welght
required to carry a pay losd of 20,000 pounds is plotted against shield
thickness for two reactor sizes. The plot 1s for f£flight at 1.5 Mach
number, and 50,000 feet. The reactor-wall and turbine-inlet temperatures
are 2300° and 2100° R, respectively._ The shield specific gravity is 8.0.

The desirebility, with respect to decreased alrplame welght, of
keepling the shleld thickness small 1s lllustrated in figure 1l1l. For
example, with elther reactor size, an Increase in shield thicknes from
2 to 3 feet practically doubles the airplane weight.

SUMMARY OF RESULTS

The results of this preliminery study of the feasibillity, for
nuclear propulsion of aircraft, of a direct-alr turbojet, a liquid-metal
turbojet, and a helium-compressor Jet may be summarized as follows:

1. All three cycles appeared feasible for flight at a Mach number
of 0.9, and altitudes up to at least 50,000 feet. The direct-alr and
hellum cycles, however, resultsd in scmewhat heavier aircraft than the
liguid-metal cycle.

2. The liquid-metal cycle appesred feasible for flight at a Mach
number of 1.5 and altltudes up to 50,000 feet, which was the highest
altitude considered at this Mach number. WIlth the shields considered
in this prelimlinery analysls, the dlrect-alr and heliuvm cycles resulted
in much heavier aircraft than the liguid-metal cycle et a Mach number
of 1.5. If shield weights can be materislly reduced from the values
used herseln, the airplane weights with these cycles can be appreciably

decoreased.

3. The relative advantage of the liguld-metal cycle, as indicated
by minimum airplene welght to carry a specifled pay load, becams greater
as the flight speed and altitude was Increased and as the reactor-wall
temperature was decreased.
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4. Further analysis es well as experimental and development work
are required to obtain a more accurate and realistic Indlcatlon of the
relative feaglbility of these cycles.

Lewls Flight Propulsion Laboratory,
National Advisory Committee for Aercmautics,
Cleveland, Chio, August 10, 1950.
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Filgure 9. - Concluded. Effect of reactor-wall temperature on airplane
gross weight at verious altlitwles for liquid-metal cycle. Reactor-
wall temperature minus turbine-inlet temperature, 200° R; pay load,
20,000 pounds; reactor dlemeter, 2.5 feet; reactor length, 2.5 feet;
shield specific gravity, 8.0; shield thickness, 2.5 feet.



1.%03
.8
=
Iy
B 8
oo
; Altitule
: sinte (£t)  |s.0 Reastor
3 rt Resctor 50,000 dlanster
3,0 4 4
diameber (£t)
® 00 A L1 — 8.5
. 1 7 -
’5 50,000/\‘ xfz.ﬁ so’mo e — "_-_-
g s '
.g
0 i
Q e 4 8 a 10 12 14 18

Reactor heat releass, kw/cu in,
{a) Flight Mach number, 0,9.

{b) Flight Mach mmber, 1.5,

Flgure 10. ~ Bffect of reactor haat release on airplane gross Weight with the liguid-metal cycle for varlous
£light Mach mmbere, albibudes, and reactor dizmeters. BReactor-wall temperaturs, 2300° R; turbine-inlet
temperature, 2100° R; pay load, 20,000 pomnds; reastor length-to-dlameter ratio, 1.0; shield speocific
gravity, 8.0; shisld thickmsss, 2.5 feet.

¥ZHOST W VOVH

€2



24

NACA RM E50H24

83108 Reactor
diameter
(£t)
o6 // 3.0
g //7/ 2.5
4
§.4 ,//
: A
L =
B
2.2
0
1 2 3

Shield thiockness, ft

FPigure ll. - Effect of shield thickness on airplane grosas
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50,000 feet; reactor va.ll temperature, 2300 R; turbine-
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