
-r»As«.c6-7 5 9 7 J )--s- j D y5o l30
" N N I M G A N D

ADDENDUM 'A1

' QliplIBPi7§'?:l
îlliPili

ADVANCED MISSION PLANNING
1 EVALUATION METHODOLOGY—
SUPPORTING. DATA

JT^f^Sf^ffi j IQ-^ JL T l"1»Thi.j- n inn ^—,~___^ .



RE-ORDER NO

ADDENDUM 'A'

TO

THE FINAL REPORT ON A

YsTUDY OF AN ADVANCED MISSION PLANNING

AND EVALUATION METHODOLOGY — SUPPORTING DATAXI U I

(CLASSIFIED VOLUME)

FOR

THE JET PROPULSION LABORATORY

1

LR-

UW2-B01787

December 1964

JPL CONTRACT NO.

JET

PERSOi

V. S, Government Agencies arifl
Contractors Only



PREPARED BY DATE LOCKHEED-CAL IFORNIA C O M P A N Y
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION

PAOK

CHECKED

APPROVED

MODEL,

REPORT NO.

i

M V)
. $

£

I
X

?<o

03

0)

>
v

X

0)

C.) N

t-

1

N V

s

1

0) IV)

O (K
'

to it)

to

FORM aeaa-a



COST ESTIMATES - LAUNCH VEHICLES

The costs of conventional launch' vehicles are presented in Table

~ . These data are for the 1968 - 1969 time period and are based

on a ten-per-year launch rate for five years. The costs are for the

basic vehicle hardware and for launch vehicle support.

TABLE

IAUHCH VEHICLE COSTS

Launch Vehicle

Thor

Atlas

Thor Delta

Thor Agena B

Thorad D. Agena D

Centaur

Atlas - Agena D

Titan II

Atlas - Centaur

GLV - Gemimil.V

Titaa-.U! A

Saturn I

Saturn IB

Titan III C

Saturn V

Cost - 10° dollars

2.0

2.3

2.5

5.3

6.5

7.5

7.8

8.8

10.0

10.U

17.0

19.0

20.5

26.6

63.0
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Specific Impulse

Density Impulse

'67 '69 '71
CALENDAR YEAR

Chlorine Trifluoride

Mixed Hydrazine Fuels

Chlorine Pentafluortd.e

Hydrazine BeH, -
• . A .

Nitorgen Tetroxide /

Hydrazine Fluoride !
i

(Company Private) '"

Beryl 1ium Hydride

FIGURE £

PERFORMANCE OF CANDIDATE PROPELLANT SYSTEMS VS TIME
(Packaged Liquid Systems)

Courtesy of Thiokol Corporation



Base Case: LR 58-RM-2

1961 . '67 . '69

CALENDAR YEAR

FIGURE J7

PREDICTED PERFORMANCE IMPROVEMENT
OF PACKAGED LIQUID MOTORS

Courtesy of Thiokol Corporation
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• FIGURE <4

EFFECT OF DENSITY IMPULSE AND INERT
WEIGHT ON PACKAGED LIQUID ENGINE PERFORMANCE

Courtesy of Thiokol Corporation
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Description of Operational NERVA

The presently defined operational NERVA will be liquid-propellant,

turbopump-fed, nuclear rocket engine rated at nominal vacuum thrust of

56,100 pounds. The engine system consists of a liquid-hydrogen-propellant

feed system, pressure shell, reactor and shield, regeneratively cooled

nozzle, thrust structure, and additional components required for engine

operation.

A summary of pertinent operational NERVA data as presently defined

in the engine specifications is shown in Table 3377. .



TABLE I///T-
*

SUMMARY OF OPERATIONAL NERVA ENGINE DATA

(Reference 10)

Nominal Vacuum Thrust 56,100 Ib

Reactor Power 1120 MW

Chamber Pressure 550 psia

Flowrate (total) 7U.1 Ib/sec

Specific Impulse (overall) 763 sec

Nozzle Area Ratio U0:l

Total Engine Dry Weight 13,68U Ib

Unshielded Engine 11,U3U

Shield 2,250 Ib

Length, Propellant Tank

Bottom to Nozzle Exit 270 in.

Distance, Propellant Tank

Bottom to Reactor Center 125 in.

Diameter (maximum) Hi3.5 in.

Number of Restarts (minimum) 3



Uprating of Operational NERVA .

One approach to obtaining nuclear engines with better performance

is through upgrading the performance of NERVA. Uprating the NERVA

performance is governed by thermodynamic, mechanical, and structural

design considerations.

Data for four NERVA uprating possibilities, described in Reference

/O , are presented in Table Z*L -. The first possibility is based

on pump discharge flow of 93.0 Ib/sec, which is 125 percent of rated

heated-bleed cycle-pump-discharge flow.

The second case is also based on pump discharge flow of 93.0 Ib/sec,

but assumes a thrust chamber temperature of iUiSÔ . The basic assumptions

were the same as stated for the first uprated system. The overall engine

vacuum thrust of 7U,lUO Ib and the overall engine specific impulse of

802 sec represent a probable upper limit for NERVA uprating without basic

component changes. This limit occurs at a reactor power level of about

1$80 MW.

The third uprating assumes that two NERVA turbopumps may be operated

in parallel to flow about 1H8 Ib/sec at a chamber pressure of 5£0 psia.

Such an uprating requires extensive modification to the engine design,

involving nearly every component except the basic turbopump and reactor

core. Such an engine system, however, would produce about 119,000 Ib

of thrust at a power level of 2J>10 MW.

"A •; •



The fourth system is a conceptual design of an engine based on the

maximum predicted power available from a NERVA B-1| type fuel-element

core. The reactor, core was redesigned to achieve its full heat-transfer

capability, and limited only by the mechanical and thermal properties

of the fueled graphite. The envelope dimensions of this engine are

approximately those of the present NERVA; however, there are some size

and weight increases due to the higher pressures and flows. (Reference 10)



TABLE

PERFORMANCE FOR DIFFERENT METHODS OF NERVA UPRATING

(Reference 10)

Thrust (Ib)

Specific Impulse (sec)

Chamber Pressure (psia)

Chamber Temperature (* R)

Total Propellant Flow (Ib/sec)

Reactor Power (MW)

NERVA

56,ioo

763

550

ii',090

7U.1-

1,120

Method
1

71,000

768

70U

li,P90

93.0

-1,1*30

Method
2

7k.lfcO

802

70k

k,h60

93.0

1,580

Method
3'

119,100

802

550

U,U60

ms.6
2,510

New
Design

190,150

810

1,000

'U,U60

235.3

U,ioo
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Phoebus Based Parametric Studies

Figures 2.° and ,Z.J illustrate thrust-to-weight ratio vs. thrust,

and engine size vs. thrust, respectively. The specific impulse gains shown

in Figure ' 2.0^ are keyed as a function of time; that is, as larger engines

are required, there should be sufficient state-of-the-art improvement to

achieve the indicated performance. (Reference 10)

Heavy-Metal, Fast-Sepctrum Reactors

The fast-spectrum reactor utilized fission spectrum neutrons rather

than those of intermediate or thermal energy levels to sustain the fission

process. A reactor of this type contains only fuel-bearing material (i.e.

no moderating material to slow down neutrons); however, neutron economy

is inferior to moderated reactors, requiring a larger fuel inventory

to .sustain the chain reaction. Current concepts-utilize refractory

metals as a fuel-bearing matrix because fissionable compounds are poor
i

structural materials, and because of good high-temperature properties

of the refractory metals.

Present fuel-element design utilizes tungsten as the fuel-bearing

material, since tungsten has the highest melting point and the lowest

vapor pressure of all the refractory metals. However, the brittleness

of presently available tungsten limits its use structurally; therefore,

the fuel-bearing matrix is encapsulated in one of the other refractory

metals. Tantalum is presently being used, since this material is the

highest-melting refractory metal available commercially in the desired

shapes and sizes.
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The performance potential of these reactors is limited by the encap-
*

sulating material used. For example, the theoretical specific impulse

obtainable using projected refractory metal liners is as follows:

Ta - 860 sec

W-Re - 890 sec

W - 920 sec

Adoption of the latter two materials is a function of improved

commercial availability of material with the desired shapes, sizes, and

characteristics.

Estimated operating life of these reactors, limited primarily by

creep of metals, is 1 hr with 90 percent reliability and 90 percent

confidence factor by 1969. A projected figure for 197$ is 100 hr based

on 1 percent fuel burnup.

The fast-spectrum, heavy-metal reactor engine is superior in overall

performance to graphite readtors up to approximately 275,000 Ib thrust.

Data for the weight vs. thrust comparison are shown in Figure .

The comparison between these systems is made for a chamber gas temperature

of U5>00°R, though both are potentially capable of higher temperature

operation.

At low-thrust values, the lighter weight of the fast-spectrum system

is primarily due to the absence of moderating material permitting smaller,

lighter reactors. This decrease in size leads to smaller, and therefore

lighter, pressure shell, shield, and a portion of the nozzle. However,
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AS the thrust level is increased, the fast-spectrum reactor becomes much

heavier than the graphite reactor, since the higher fuel loading required

and the fuel-bearing refractory metal are more dense than the graphite-

fuel combination. The fast-spectrum engine, however, will always effect

some saving in vehicle interstage structure weight, since the reactor

is smaller than the graphite-moderated reactor. (Reference 10)
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