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Milestone I of Task 2073, entitled "Evaluation of Advanced Concepts" is a 

survey report outlining the types of flight missions which will be most 

desirable for advanced weapons systems, particularxy with respect to flight 

altitudes, Mach number and range, and containing preliminary estimates of 

the relative merits of nuclear turbojets, txorbofans, compressor-jets, ram

jets, and nuclear rocket power plants for application to these missions. 

In the absence of a weapons-system-planning capability to obtain information 

on desirable flight missions, the effort involved under this task was expended 

in making separate studies in many "advanced concept" areas. The following 

studies are reported herein: 

Systems Requirements Study 

Nuclear Power Plant Requirements for Supersonic Flight 

Nuclear Turbojet Missile Performance 

Closed Cycle Nuclear Power Plants for Aircraft 

Systems Analysis and Economic Optimization of Nuclear 
Rocket Power Plants 

Preliminary Evaluation of Gas-Fission Propulsion Systems 

Comparison of Long Range Chemical and Nuclear Rocket Systems 
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li Introduction 

Task 2073, entitled Evaluation of Advanced Concepts, was promulgated to 

determine the requirements for advanced weapons systems, to determine the 

feasibility of advanced concepts for nuclear power plants, to evaluate 

the applicability of such power plants for use in new weapons systems, 

and to recommend programs for research, development, or technical design. 

Milestone I of this task is to prepare a survey report outlining the types 

of flight missions which will be most desirable for advanced weapons 

systems, particularly with respect to flight altitudes, Mach number and 

range, and to prepare preliminary estimates of the relative merits of 

nuclear turbojets, turbofans, compressor-jets, ram-jets, and nuclear 

rocket power plants for application to these missions. This report is 

intended to fulfill the milestone requirements. 

Since no weapons-system-planning capability has been available to satisfy 

the stated purpose and scope of this task, the effort involved has been 

expended in making separate studies in nany of the areas covered by the 

term "advanced concepts," The procedure of first determining desirable 

flight missions and then studying the application of various power plants 

to these missions would have been followed if weapons-system-planning 

information had been available. This report therefore is a compilation 

of several of the separate studies made xmder Task 2073. 

UNCLASSIFIED 
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System Requirements Study 

A preliminary study was made of performance spectra of existing and proposed 

strategic weapon systems, in order to determine areas of interest for 

application of nuclear power plants. Performance was determined in terms 

of penetration Mach number, penetration altitude, and time of production 

model availability. This data was compiled and plotted (figures 1 and 2) 

to identify any trends which may have existed. 

Figure 2 shows an obvious "higher-and-faster" trend as a means to counter 

expected improvement in defensive systems. No trend is indicated for low-

level systems because chemical systems have not been considered practical 

for this area due to severe range limitations. The low altitude, nuclear 

powered penetration systems offer a imique capability here because they are 

not range limited. The feeling that the most worthwhile contribution of 

nuclear power plants lies in the subsonic, low level spectrum has been voiced 

by most weapon system planning groupi^ who were approached on the subject o'f 

this study. 

Additional data which was collected is shown in figures 3 and 4. Figure 3 

shows air-to-surface missile (ASM) weapon systems, and figure 4 presents 

data on payload requirements for logistic transports. The latter curve 

shows a need for large payload systems, but no definite speed requirements 

could be obtained. 
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FIG, 4 - PAYLOAD HEQUIEEMENTS it)R LOGISTIC TRANSPORTS 
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Nuclear Power Plant Requirements for Supersonic Flight 

Analyses were conducted to determine the effect of significant nuclear power 

plant parameters for direct cycle turbojets for cruise operation at Mach 2.5 

and 36,089 feet altitude. The purpose of the analyses was to indicate those 

areas where additional development effort could lead to appreciable performance 

gains in satisfying the cruise condition considered. 

The studies were based on two engine, one reactor turbojet power plants, where 

the engines had a 425 lb/sec sea level static air flow. At compressor dis

charge, 1% of the air flow was considered lost in leakage and U% was extracted 

for turbine cooling. Engine weights were determined as a function of sea 

level static compressor pressure ratio within the range of six to twelve. 

Reactor shield weights were calculated by extrapolation from the XMA-1 shield 

weights, assuming the same external radiation pattern. Reactor core and 

reflector weights were based on a ceramic reactor similar to that of the 

AC-209-la power plant (XDC 56-9-44). The air flow through the core was S9% 

of the compressor discharge air flow, the remainder being used to cool the 

reflector. 

The power plant weight, H)p, was taken as the sum of the weights of the reactor 

core, reflector, ahield and engines. Using multiple power plants, the total 

nuclear power plant weight, V^, included an assiimed constant 33,000 poiind crew 

shield in addition to the basic power plant weights, >t,p. 

UNCLASSIFIED 
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A core utilization factor,^, was introduced into the study, and was defined 

as: 

^ • (^ w 
^ff 

where: Rpf = J = core free flow ratio 
^•^ "core 

^ ^a/V" 
^ = 1— ¥> = core exit flow f-unction, 
r Aff P^ 

based on core exit (turbine inlet) temperature, Tj^f 

and core exit pressure, P̂ ,̂ specified by the turbojet 

cycle. 

^max ~ rasLximum attainable core exit flow function for choked 

air flow (Mach l) 

Wa = engine air flow at design point, lb/sec 

kff " core exit free flow area, ft 

^core * '̂ ô ® frontal area, ft^ 

The factor^ was a measvire of the core compactness, or the ratio of air mass 

flow rate actually handled by a core of given frontal area to the maximum 

amount of air vAiich could be heated to temperature T4 at a pressure P4 and 

passed through an area equal to the core frontal area. The upper limit of 

unity foT^ , is theoretically attainable only as the moderator and structural 

volume fractions approach zero, the thickness of fuel elements approaches zero, 

and the core exit Mach number approaches unity. The value ofyO for a reactor 

JNCLASSIFIFD 
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core composed of BeO fuel elements and moderator, similar to the AC-209-la, 

is approximately 0.30, In this analysis, the core was sized on the basis of 

heat transfer requirements and the core exit flow function was determined as 

a function of the cycle operating point by using a modified Reynolds analogy 

to relate heat transfer and pressure drop. Thus, the core free flow fraction, 

Rff, was a dependent variable of the cycle operating point and ofi^. 

Figure 5 shows the thrusts available at optiratun compressor pressure ratios 

using two power plants (four engines and two reactors) as a function of 

turbine inlet temperature, T/̂ , and core utilization factor,^. Data were 

obtained which relate the gross operating weight of a representative air

craft to the power plant weight and wing area for a military load of 32,000 

pounds. These data were used to superimpose curves of required thrust for 

several lift-to-drag ratios (L/D) and a constant wing area of 4000 square 

feet, over the previous curves. The intersections of the curves of avail

able thrusts and required thrusts represent possible operating points. The 

required turbine inlet temperature, T^, is plotted in figure 6 as a function 

ofyî  and L/D for these points. In figure 1, the core free flow fraction, 

Rff, associated with each point is plotted as a function of ̂ 5 and L/D, It 

should be noted that free flow fractions much above 0.5 impose serious 

problems in order to achieve criticality with reasonable fuel investment. 

However, this is a promising area for reactor development applicable to a 

manned supersonic aircraft using direct cycle turbojets. 



Plant-Aircraft Matching for Mach 2.5j 36089 ft altitude; two twin power plants 



CORE UTILIZATION FACTOR,^ 

FIG. 6 - Power Plant Performance Requirements for Mach 2,55 36089 ft altitude 



GORE UTILIZATION FACTOR,^ 

FIGo 7 - Reactor Performance Requirements for Mach 2.5| 36089 ft altitude 
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The value of these curves lies in indicating the perfonnance gains obtainable 

with increases in turbine inlet temperature, lift-to-drag ratio, and core 

utilization factor. This data suggests general areas of further interest 

for more detailed study. 
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ss 
iy« Nuclear Turbojet Missile Performance 

A study was made to optimize the thrust/reactor-frontal-area ratio for 

several turbojet power plants to be considered for low level missile 

application. 

The study was based on power plants having a sea level static air flow of 

425 lb/sec and a range of compressor ratios. The flight conditions studied 

were Mach 1,5, 2,0, and 2,5, all at sea level. The power plants were assumed 

to utilize unshielded ceramic reactors giving turbine inlet temperatures of 

2000°F and 2500°F. 

Values of thrust/reactor-frontal-area were computed for various sea level 

static compressor ratios, turbine inlet temperatures, and Mach numbers. 

These values were plotted to detennine maximums, and the results are showi 

below. 

"Maximum Thrust/ 
Reactor-Frontal-
Area Ratio, Ib/ft^ Mach No, 

Ti. ' Ine Tnlet 
Teiup., . 

Sea Level Static 
Compressor Ratio 

X o P 

2,0 

2,5 

2000 
2500 

2000 
2500 

2000 
2500 

1810 
2125 

1825 
?45 

1770 
2250 

™l. 

-L_ 

11,50 
12,50 

80O0 
9.75 

6.75 
8,25 
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Closed Cycle Nuclear Power Plants for Aircraft 

A realistic evaluation of the closed cycle nuclear power plant concept for 

the propulsion of aircraft was made. The evaluation was based upon both 

quantitative and qualitative factors which were derived from an intensive 

thermodynamic and mechanical design study of helium closed cycle compressor-

jet, turbojet, and turboprop power plants. State of the art from I960 to 

1970 was factored into the evaluation. The discussion was extended from 

helium systems to include closed cycles in general. 

Comparison of performance was first made between the types of closed cycle 

helium systems, and then between closed and open cycle systems. The 

following conclusions were drawn from the study: 

1, The closed cycle compressor-jet is inferior to the closed cycle 

turbojet xintil 2800°F turbines can be designed, 

2, For subsonic, low altitude flight, the direct air cycle turbojet 

is better than the closed cycle turbojet on the basis of qualitative 

factors, 

3, At Mach 2,5 and 60,000 feet, the closed cycle turbojet is better 

than the all-nuclear, open cycle turbojet provided additional air 

turbomachinery is added to bring the helium flows back to their 

design values, 

4, At Mach 2.5 and 60,000 feet, the chemically augmented, open cycle 

turbojet is better than the closed cycle turbojet. 




