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ABSTRACT

The NUROC3A systems analysis code was designed to provide the user
with performance characteristics of the dual-mode space nuclear fissien
solid core power and propulsion systems. This report describes utilizatior of
the NUROC3A code to produce a detailed parameter study of the dual mode
system,

The parameter study defines performance characteristics over a
wide range of input geometries and statepoints. A sensitivity study was
also developed to achieve better understanding of the NUROC3A code
characteristics. The performance characteristics generated in these
studies are sufficiently interesting to warrant further analysis of the
dual-mode propulsion/power concept, particularly in the areas of mission
analvsis and improved system characterization.

The mathematical model developed in NUROC3A Volume 1 (Reference 1)
was the basis for the NUROC3A code presented in NUROC3A Volume 2 (Reference 2).
The analysis and presentation of the characteristics of NUROC3A appear in
this volume.

It is important to note that this study, by intention, does not
incorporate any design analyses, but rather constitutes only a first-order
conceptual approach to advancedsolid-core nuclear fission dual-mode systems.
It should not, therefore, be construed as representing an optimum or even a
practicable system, and it is expected to undergo major revisions in both its

analytical and numerical characteristics as a result of future efforts.
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I. INTRODUCTION

This report describes the sensitivity and parameter studies

conducted with the systems analysis code NUROC3A, including a detailed

output of the reference engine used, graphic results of the sensitivity
study, a discussion and table listing of the parameter study and
associated output, sorted lists of the usuable engines from the
parameter study and detailed outputs for certain selected engine
configurations derived from the sorted lists. Although preliminary
conclusions are drawn from these data, it should be noted that the
parameter study was designed to give only a general exercise of the
NUROC32 code and specific conclusions should be the result of further

analysis,



IT. REFERENCE ENGINE

The concept of a solid core nuclear rocket was initially
of interest as a method of extending the performance capabilities
beyond those of chemical rockets. 1If the primary advantage of this
system (effective jet velocities of up to 10,000 m/sec) can be supplemented
by an engine designed not only for propulsion, but also electric power
generation, then mission capabilities are substantially enhanced. This
dual-mode nuclear power and propulsion system is the focus of AMS
Reports 1239a-c¢ (NUROC3A, Vols. 1-3).

Figure 1 shows the system coniiguration which uses dynamic
power conversion (either noble-gz- Brayton of liquid-metal RanKine)
cycles. Each of the subsystems shown in this figure is described in
detail in the mathematical model presented in NUROC3A Volume 1
(Reference 1).

Table 1 is a detailed output for the reference engine used
in both the sersitivity and parameter studies, using data presently
stored in NUROC3A. The engine that most closely approximates the
reference engine is Number 122 in the parameter study, although because
of certain rounding and convergence differences inherent in the single-
precision NUROC3A code, there are a few slight differences in output
between the detailed output list of Table 1 and the characteristics

listed in Tables 2 and 3.
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Table 1

Detailed Output for the Reference Fngine

LIST OF INPUT PARKAMETERS

IEXCTOE CORE PARAMETEXS AND COANSTRRINTS

E: FELCTOF RPEY, M**2

ey FUFl ELEMENT HEX-FLAT DIMEN-
ST3h, CM

N CCTE LENGTH, M

cL>C nO0TAL FEACTOR CYLINDRICAL
LENGTH, ¥

DCCe COAS: COOLANT PASSAGE DIAMETEZR, C¥

TRUED LIAKTI> FUEL ISOTOPE

*C (C%k FADIUS, K

o FEFLEZTOR THICKNESS, M
23V Hn LU¥BRER O PPOPELLANT PRSSAGES PE:x
FUEL ELZMEXT

“5:T TIPE P;TANMETERS BRND CONSTRAINTS

imCEr }FAT TEANSFEZ COEPFICIENT, REAT
PIPE SILID/SOLID,Wi/CH**2 K

E F1DINS OF HE!T PIPE INNER
CIVITY, CM

2 F!DIUS OF HEART PTFE, CX

TLERpLY FZYIMUY HEAT PIPE KATEFIAL TEMP-
EF2TURE, K

5T THICKNESS OF HEAT PIPE INNEE
WELL, C¥

ek “PICKNLSS OF OWTER SKIN, C™

TUY¥ THICKNESS OF HEAT PIPE WICK, CH

VIELT TATENT HEAT OF VAPORIZATION OF
HEAT PIPE FL7ID, MEGAJOULES

i FEACTION OF WICK VOLUME OCCUPIED
BY 1IQUID

0.58820

4,00000
0.88900

1.52400
0.30000
U - 233
0.29919
0.14696

60.00000

0.10000

O‘O
2.5000C

1R00.00000

0.0

0.10000
0.50¢00
1.96400

0.90€C00




Table 1 (continued)

Reference Engine Number 122

NOZZLE EAL

RXC
LKCZ
AFATIO

ETIX

LY EFERATUFE

7HrLTa

P. E2&8JLE SH

LIST OF INPUT PARAMETERS
PrOFULSIVE PARAMETERS

NCZZLE COOLING JACKET AREA, Mx%x%2

}Q7ZLE SURFaCE AFEX, M**2
NCZZLE EXIT TO THRCOAT AREA RATIO
NCZZLE EFFICIENCY

0.50000
0.70000
2€0.00000
0.97C00

ENL PRESSUFE CONSIRAINTS AND PARAMETERS

STAGNATION PRESSURE IN CHAMBER,
K/CM%x%x2

FZESSURE IN PIOPELLANT TANK,
M/CMERD

TCTEL CORZ EXIT TEMPEERLTURE, K
P2XTMUM PERMISSIBLE CORE MATERIAL
TEXPEEETTURE, K

MEXTNUA
CELRNMNEL

PEPMI3S5SIBLE CCOLING
WAll TEMPERATUFE, K

FECH NUMBEY

IN CONDUIT

tll

PRRAMETERS

PEESSUnE SHELL COOLANT MASS FLOW,
¥3/3EC

TEMEERXTURE OF COOLANT ENTERING
rrESSUKE SHELL, K

TEMPERRTUPE OF PRESSURE SHELL
WRIL, K

CRIPTICN

DESTINETION

F_SSION

TFIP TIME, DAYS

PCWERED TIME AT DESTINRTION, S

FTLTIO CF THRJISTING TIME

TC KISSION DUFATION

ERTTO OF REACTOR POWEK DURING
CCAST PHASE TO FULIL POWER
RETIND OF REACTOR FOWEP AT
rLaNE2T 70 FULL PCOWER

300.00000

13.80000
3000.00000

3600.00000

3500.00000
0.65C0C

0.30000
200.00000

800,.00000

MARS

AN ORBITER

125.00000
0.0
0.0
0.1000°0

1.00000




Table 1 (continued)

Reference Engine Number 122

PROPULSIVE AND POWER MODE OUTPUT PARAMETERS

OVEFALL DeY% SUMMARY

PFOCPULSIVE ¥CDE

Cz

4

D™
F
F1¥Y™2X

oC
QHP
QN C
or
or
QST
va
VJL
YA

EFFECTIVE MULTIPLICATION FACTOF
(MUOST FE GREATEX TEAXN 1)

MASS FLOW, HYDIO0GEN, RG/S
THRUST, KILIOINEWTCOKS

M2XIMUY ALLOWABLE HZAT PIPE POW

FLUX, MWI
COFE PCOWZIR REMOVED BY COOIRNI,
HE4T PIPE PUWEELE, MWT

ER

MWT

NGCZZLE TNOLANT JACKET PCWER, MWI

FUNEF POWER, MWT

TCTARL EREACTOR POWER, MWT

STDE REPLECIOF POWER, MWI
VELOZITY OF EXHAUSI JET, M/SEC

LFFECTIIVE JE™ VELOCITY , M/SEC

MECH NJMEER AT THE NCZZLlE EXIT

FLECTRIZ POWEE, MWE

FAN ELECIRIC POWER, NWE

HErT PZ°FE POWER IX POWEP MODZ,
FPESSUPEZ SHPLL GASENUS CCOLANT
PONER, YWT

TCOTLL RERCTOR FOWER IN POWER
MODE, MWNT

PCWEF CONVERSION SYSTEM EFFI-
CIEXTY

MW?T

2.37528
5.1680%
47.64€53

33.53175
236.45€51
3.54332
30.00000
0.u42462
250.00000
9.9999¢9
9348.94521
9219.4375¢
6.84S850

0.5000"
0.05409
1.85792
0.10862
1.96054

0.26999
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Table 1 (continued)

Reference Engine Number 122

STRTE POINT

PFOPULSIVE

PP

DELPC
DELPSF

DELPNC

PNE

PCWEF MODE

TPSC

TPSR

THPMAX

PROPULSIVE AND POWER MODE OUTPUT PARAMETERS

D2TA
HCDE

TCTAL TEMPERATURE AT THE NKNOZZLE
EXTEANCE, K

TCTAL TEMPeK!TURE AT THE CORE
ENTPANCE, K

TCTAL TEYPLRALURE AT THZ SIDE
REFLECT IR EXIT, K
TOT2ZL TEMPERATURE AT
JACKET EXII, R
TCTRL TA%PSRATIURE AT THE PUMP

THE COOLANT

EXIT, K
STATIC TEMPERATURE AT THE NOZZLE
EXIT, K

ACTUAL COOLING WALL MAXIMTJ™ TEMP-
EFATJRE, K

ACTUAL M2XIMUM CORE MATEFIAL
TEMFLRATURE, X
hEAT PIPE FATEPIAZAL TEMPERATURE, K

ZCTAL PRZISSURE AT TdE CORE IN-

LET, N/CM*%xy
PFESSUE AT THE COOLANT JACKs&T
EXIT, N/CHM**Z

TOTAL PxESSURE AT PUMP EXIT
N/CH**2

CORE PRESSURE DROP, H/CHN%x*2
SIDE REFLECTOR PEESSURE DROP,

N/CM**2

NCZZLE COOLANT PASSAGE PRESSURE
DFJ3P, N/CM*¥2

STRTIC PRESSUEE AT THE NOZZLE
EYTT, N/CM*x*x2

TEMPERATURE OF THE COOLANT LEAV-
IF¥G THE PRESSURE SHELL, K
TERFPERATURE OF TEE COOLANT LEAV-
ING THE RADILTOR, K

MAXIMU™ CORE MATERIAL TEMPERATURE
IM THE POWEER MQODE, K

2888.05103
23u4,92847
234.92847
117.99071

28.71201
239.51123
3158.9184¢

3205.46753

1800.C0000
333.6438C
359.67188

395.00635
33.64389

26.02818
35.33440

0.04384

221.70883
191.7839M

2051.22925




Table 1 (continued)

Reference Engine Number 122

PROPULSION AND POWER MODE OUTPUT PARAMETERS

STATE PCINT DATA (COTINJED)

{ -----PROPULSIVE MODE----- |=--=-POWEF MODE---|
COEE LENGTH CCRE MATERIAL GIS PASSAGE CORE MATEERIAL
(METLTS) TEMPEFATULE WAL TEMPERA- TEMMPEPATURE
(K) TUORE, (K) (K)
6.018 373.997 357.70% 2005.051
0.053 504,157 476.063 2071.5€¢€
0.089 650.685 611.203 2017.892
0.124 811.418 761.131 2023.875
0.1¢0 983.987 923.635 2023.448
0. 1%+~ 1165.345 1096.321 2034.527
0.23 1354,.311 1276.€38 2039.039
0.2¢7 154€.603 1461.928 2042.916
0.502 1739.884 1649.456 2046.102
0.328 1931.307 1836.4560 2045.549
0.373 2116.0UE 2020.178 2050.222
0.,u02 2297.34u6 2197.901 2051.095
0.4l 4 2466.563 2367.009 2051.156
0.480 2€23,200 2525.005 2050.403
0.51¢ 2764.3L7 2€€3.558 2043.849
0.5%81 288v.714 27%88.540 2046.515
0.577 2995,660 2910.044 2043.437
0.hCC 3081.219 3002.426 2039.660
0.0%8 3745.135 3074.326 2035.238
0.693 3186,.L€2 3124.681 2030.239
0.729 3204.590 3152.750 2024.735
0.7¢5 3199.254 3158.118 2018.808
0.800 3170.528 3140.704 2012.544
0.826 3116.8369 3100.767 2006.037

0.871

3044.980

3038.835

1999.383




Table 1 (continued)

Reference Engine Number 122

SYSZEY MASS BREAKDOWN

Z¥PFS1
ZrPFS2
ZMEFE

Z¥NC
Z¥YNWD

YA
ZMN

t Z¥IC
ZMVh
ZNMTS

AR

My
ZERC
ZMRDP
ZNCFE
Z¥CS
Z¥SFES
ZMSRD
Z2¥PV

ZMR
ZMENG
ZEPSCP
2Z¥PSCF

Z¥MPSCR

Z2MPSC

ZMES

PCSH
WFSUK

¥ TOT

PIPING BATERIAL MASLS, KG
PUMF MLTERIAL MASS, KG
PEOPELLANT FEED SYSTEM MASS, KG

CONVERGENT NOZZLE SYSTEM MASS, KG
CCO1ED PORTIOKN DIVERGENT NOZZLE
MASS, K&

ONCCOLED N2ZZIE SKIRT MASS, KG
TOTEL NUZZLE MASS, KG

INSTRUMENTS AND CONTROLS MASS, KG
VALVES AND ACIUATORS MASS, KG
THRUST AND GIMBAL RSSEM3LY

¥rS35, KG

SUPFOR™ PLATE MASS5, KG
INSULATION AND DUCTIKNG MRSS, K&
OTHEX HARDWARE M2SS, KG
PERIPHZRAL STRUCTUFE MASS, KG
FUEL ELELENI EASS, KG

CORF STRIZIURE M2SS, K7

SIDE REPLECTUT MRSS, KG

INTEENAL (PRONT) SHIELD MASS, KG
PRESSUFE VESSFEL MASS, KG

TOTAL REACTOR MASS, XG

ENGINE MASS, KG

PRESSURE VESSEL COOLANT SYSTEM
PIPING MASS, KG

PRESSURE VESSEL COOLANT SYSTEM
FEN MASS, KG

PRESSURE VE3SSEL COCLANT SYSTEM
KADIATOR MRSS, KG

PPESSURE VESSEL COOLANT SYSTEM
M25S, KG

ENGINE SYSTEM MASS, KG

POWER CONVERSION SYSTEM MASS, KG
TOTRL RADIATOR MRSS, KG

TOTAL SYSTEM MASS, KG

9.46820
4.32779
13.795¢98

73.53041
113.32341
€3.07385
249.92767

147.25154
98.50711

56.04535
102.048555
L5.,44746
47,4930
115.06822
639.6€162
443.7563°<
508.19897
274.16895
108.94572
2237.29248

2802.82007

9.46820
2.40895
34.83078
46.76791
2849.58789

995.19897
3968.37549

7813.16016




Table 1 (continued)

Reference Engine Number 122

POWER CONVERSION SYSTEM/RADIATOR OUTPUT DATA

Br2YTOK CYCLE DPTA

0o POWER PLANT OUTPUT, MWE

QHDPEM HEAT PIPE POWER, MWT

X TEMPERRTIRE RATIO

TE1 COMPRESSOE INLET TEMPERATURE, K

TB2P REGENERATOL INLET TEMPERATURE
(HIGH PRESSURE SIDE), K

TB3P HEAT EXCHANGER INLET TEMPERATUFRE, K

ISUbBM ~URBINE INLET TEMPERATURE, K

TR3P REGENEPAT0r INLET TEMPERATURE
(LOw PRESSURE SIDE), K

TREP RADIATOE INLST TEMPERATURE, K

ETAS SYSTEM EFPICIENCY

ETACY CYCLE EFPICIEXNCY

FIENT2IICN

0.50000
1.85192
0.33000
468.59985

627.18408
1079.75977
1420.00000

1169.59912

654.30469
0.26993
0.33087

NIN-J)FTENTLL FLAT PLANE FADIATORS WITH HEAT PIPE EXTENSICNS

20 PRNEABILTITY OF NOK-RTJPTURE

PZIMAFY BADIRTOR

: Sk REDUNDANCY

QSUEP HEAT RAJECIION, MW7

IRrES (1) MEAN TEMPERMTTIRE, K

TSI (1) SIN¥ TEMPERATURE, K
ATT(D) HEAT TRANSFEX AREA, M**x2
WRI (1) MASE, KG

AUXILIARY RADIATOR

PSA REDUNDANCTY

Q57EkA KEAT REJECTION, MWT

TRES (2) MERN TEMPERATUERE, K

TEI(2) SINK TEMPERRTODRE, K

ATI(2) HEAT TPRPANSFEx AREA, M*#%2

WETI(2) MASE, K5

SU¥~ARY

A0 TOTEL RADIATOR SURFACE AREA, M*¥2
WF SUM TOTAL kKADIATOE MASS, K5

PCSh POWER CONVERSICN SYSTEM MASS, KG

-~

0.99C00

0.28000
1.23917
536.31079
287.26465

551.37183
2876.51196

0.28000
0.10147
392.69678
287.264L65
209.28912
1091.86353

760.66089
3968,37549
995,19897

10




Table 1 (continued)

Reference Engine Number 122

PERFORMANCE PARAMETERS - SPECIFIC MASS, SPECIFIC THRUST

SPECIFIC MASS DATA

SPMGEN (POWER SYSIEX MBSS + RADIATOR MRASS)
/ POWER PLANT OUTPUT , KG/KWE 9.92715
SPMMT TOTAL SYSTEM MASS / POWER PLANT
OUTPUT , KG/KWE 15.62632
SPMKIN TOTAL SYSTEM PASS / EXHAUST KINETIC
ENERGY, KG/KWM 0.00004

SPECIFIC THRUST DATA

SPTENG THRUST / TOTAL ENGINE MASS, NT/KG 16.72049
SETMT THRUST / TOTAL SYSTEM MASS, NI/KS 6.09824

11




ITI. SENSITIVITY STUDY

To identify the most significant input variables for the
NUROC3A parameter study and their proper ranges, five input parameters
were selected and deviations from their reference engine values were
fed into the NUROC3A computer code. Only one parameter was changed at
a time; that is, no engine contained more than one deviated parameter.
All other parameters were those of the reference engine.

Table 2 shows the selected input variables, their reference
values, the points used in the sensitivity study, and the output
variables along with their reference engine values. Figures 2 through 9
show the results of the sensitivity study, indicating the deviations in
output parameters resulting fror a given deviation in the selected
input parameter. The point (0.0) represents the reference engine case

in each of the figures.

12



Table 2

List of Inputs and Outputs used in NUROC3A Sensitivity Study

Inputs to Sensitivity Study

Reference

Input Variable Value & Points Used
Electric Power (QE),MiWe 0.5 50, +25, £20, +15, £10, +5
Turbine Inlet Temperature

(TsuRM) ,K 1420 +15, 10, #5, +2.5
Power Conversion System

Tamperature Ratio (X) 0.33 +25, +20, +15, +10, =5
Core Power Dsnsity

(QD) , Mt/m 1000 50, 25, £20, £15, +10, £5
Chamber Temperature

(TC) ,K 3000 +15, #10, #5

Outputs of Sensitivity Study

Output Variable Reference Value
Total System Mass (ZMIOT), kg 7814.09
Thrust (F), kN 47.63
Effective Jet Velocity (VJE), n/s 9221.0

Specific Mass Power Generator
System (SPMGEN), kg/kWe 9.93

Specific Thrust,
Total System (SPTMT), N/kg 6.10

Specific Mass
Total System (SPMMT), kg/kWe 17.16




Note: all values
refer to referencel
engine

SPMGEN

"~ SPMMT

\.-
SPTMT
-10%
-20%
-20% -10% 0% 10% 20

Variation on Electric Power, QE

Ficure 2 Sensitivitv of NUROC3A Cole to
207 Deviations of Electric Power
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Note: all values
refer to reference
engine
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IV. PARANMETER STUDY

A. Introduction
To examine the effect of input parameter variations on engine
performance, this study expands upon the sensitivity study, again
utilizing the reference engine (as of 7/10/76), by considering

variations of the input parameters as shown in Table 3.

Table 3

Variations on Input Parameters Used in the Parameter Study

Input Parameter Variation Reference Value
Electric Power (QE), MWe 0.1, 0.5, 1.0 0.5
Turbine Inlet Temperature

(TSUBM), K 1300, 1420, 1600 1420
Power Conversion Temperature

Ratio (X) 0.25, 0.33, 0.50 0.33
Core Power Densityw (QD) , MWt/M3 500, 1000, 1500 1000
Chamber Temperature (TC), K 2700, 3000, 3300 3000

The parameter study incorporates all possible combinations of the
input paremeters in Table 3. Each combination is assigned a unique
number, so that one may identify a given design by simply citing or
referring to its engine number. A complete list of engines and their
input parameters appears in the serial 1list of APPENDIX B.
B. Associated Computer Codes
To facilitate the presentation of output parameters for the

243 engine designs, two separate special-purpose programs were introduced,

*
Note thet as indicated in the flow chart of NUROC34 in AMS Report 1239b
(Reference 2), the reactor radius (RC) is computed directly from the core
power density (QD).

22



FRNTEND and PSORT. These programs are very specific in nature, and are
included for the sole purpose of documenting exactly how the parameter
study was run. Listings of the programs are found in APPENDIX A.

The purpose of the program FRNTEND was to create the large
number of namelist inputs for the NUROC3A code necessary to analyze
the 243 engine designs in the parameter study. The program PSORT was
used to provide sorted lists of the selected performance parameters
mentioned in Section IV.A.

The IBM System 360 Job Control Language used to run the
parameter study is shown in Tables 4 and 5.

C. Results of the Parameter Study
1. Sorted Lists

Seven output parameters were identified to represent engine
performance (Table 6).

The programs PSORT and FRNTEND were used to sort the engines
listed in Table 3 in increasing (or decreasing) values of four of
these parameters, VJE, ZMTOT, SPMMI, SPTMI. The sorted lists are
shown in APPENDIX C.

2. Selection of Specific Engines

To better examine the behavior of the code and the characteristics
of the NUROC3A dual-mode system concept, certain engines were selected
from the sorted lists of APPENDIX C for more detailed examination.
Table 7 summarizes the reasons for selecting these engines and their

key numbers; the complete outputs for these engines appear in APPENDIX D.
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Table 4

Tob Control Language for Running NUROC3A Parameter Study

(Begin all statements in Column 1 except INCLUDE statements start in column 2.)
//JOB <Job card details>
//*PASSWORD <Password>
// EXEC FORTGLG
//LKED.SYSLIB DD DSNAME
!/ DD DSNAME
//LKED.SYSIN DD *
INCLUDE SYSLIB(FRNTEND)
//GO.FT@9F@@1 DD DUMMY
[//GO.FT11F@@1 DD UNIT=SYSDA, SPACE=(CYL,(,21)), DISP=(NEW,PASS),]

U.G1192.SNPPSA.COSTER, DISP=SHR
SYS1. FORTLIB, DISP=SHR

// DCB=(RECFM=FB, BLKSIZE=3520, LRECL=80), DSN=G&TEMP
//GO.SYSIN DD =
<data for Frntend (see page }>

// EXEC FORTGLG
//LKED.SYSIN DD *

<all include statements (see table )>
//GO.FT@5F@@1 DD DSN=G&TEMP, DISP=(0OLD, DELETE)
//GO.FT@SFP@P1 DD SYSOUT=U, DCB=(RECFM=FBA, LRECL=133, BLKSIZE=399)
//GO.FT1@F@P1 DD DSN=U.D5406.NUOUT6, DISP=(OLD,KEEP)
// UNIT=2314, VOL=SER=AMS206,
// EXEC FORTGLG
//LKED.SYSLIB DD DSN=U.G1192.SNPPSA.COSTER, DISP=SHR
// DD DSN=SYS1.FORTLIB, DISP=SHR
//LKED.SYSIN DD *
INCLUDE SYSLIB{PSORT)
INCLUDE SYSLIB(SORT)
//GO.FTPSFPQ1

<data to control PSORT {(see page 1>

//GO.FT@9F@@1 DD SYSOUT=U, DCB=(RECFM=FBA, LRECL=133, BLKSIZE=399)
//GO.FT1@FP@1 DD DSN=U.D5406.NUOUT6, DISP=SHR, UNIT=2314, VOL=SER=AMS206,
!/ DCB=(RECFM=FB, BLKSIZE=3520, LRECL=80)
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Table 5

Set of INCLUDE Statements Used in Table 4

(A1l INCLUDE Statements Begin in Column 2)

INCLUDE SYSLIB(MAINUR)
INCLUDE SYSLIB(BLKNUR)
INCLUDE SYSLIB(ERITCK)
INCLUDE SYSLIB(ENERGY)
INCLUDE SSYSKTB(PRESUR)
INCLUDE SYSLIB(HETPIP)
INCLUDE SYSLIB(NOZZLE)
INCLUDE SYSLIB(CYCLE)
INCLUDE SYSLIB(RADIAT)
INCLUDE SYSLIB(POWER)
INCLUDE SYSLIB(NUMASS)
INCLUDE -SYSLIB(NUOUT1)
INCLUDE SYSLIB(NUOUT2)
INCLUDE SYSLIB(NUOUT3)
INCLUDE SYSLIB(NUOUT4)
INCLUDE SYSLIB(NUOUTS)
INCLUDE SYSLIB(NUOUTS6)
INCLUDE SYSLIB(CONVERT)
INCLUDE SYSLIB(SOLVE2)

INCLUDE SYSLIB(SOLVE)




Table 6

List of Selected Output Variables for the Parameter Study

Qutput Parameter Reference Engine Value

Thrust (F), kn 47.54
Effective Jet Velocity, VJE m/s 9220.48
Total System Mass, ZMTOT, kg 7814.09
Total System Mass/Power Plant Output

(SPMDMT)Y, kg/kWe 15.62
Total Power Conversion System Mass/Power

Plant Output (SPMGEN), g/kWe 9.93
Thrust/Total Engine Mass (SPTENG), N/kg 16.72
Thrust/Total System Mass (SPTMT), N/kg 6.10
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Table

7

Selected Ingines from NUROC3A Paramecter Study

Engine | QE Qb 3 TSUBM | TC | PCH 5 F VJE  JZMTMAX | ZMTOT  |SPTMT §SPMMT
No. MWe YMWt/m K K N/cm kN m/s K kg IN/kg ko /kWe Comments
Ref. 0.5 {1000 |0.33 [1420 | 3000 | 333.6|47.63| 9221 2951 7814 6.10 | 15.4 Ref. Engine
| 0. S 0. : 2
arameter | 0.1} 500 9.25 1300 4 2700 9640 36882 | 14.50| 81.87 | nax
Study | 0.5 |1000 0.33 11420 | 3000 (8771) (3397) | (1.2 (10.96)| (MIN)
Range 1.0 {1500 }0.50 | 1600 | 3300 U e a ‘
70 0.1 (1500 {[n.33 11600 27001 338.0{ (0,36 8776 2951 3451 14.59 34.51 Mlax  SPTMT
71 0.5 11500 (0.33 11600 | 2700 381.1| L,0.40) 8776 2951 7316 6.88 14.63 Max  SPTMT
UQE=.5
217 0.1 11500 0.251 1300 | 3300) 568.0( 15.41 9640 1 3568 5872 7.73 58.72 Max VJE
232 0.1 11500 }0.33 11600 | 3300} >68.5} 15,421 9640 3568 3397 13.37) 33.97 lin  ZMTOT
234 1.0 {1500 t0.33¢1600 | 3300} »68.5| 15.41 1640 3568 10964 1.14 10.96 'in  SPMMT
List ol Symbols Used
QE Electric Power TC Chamber Temperaturc IMTMAX  Maximum Core Material
Temperature
QD Core Power Density PCI Total pressure, corce ZMTOT Total System Mass
Entrance
X Power Conversion F Thrust SPTMT Specific Thrust, Total System
Temperature Ratio
TSUBM  Turbine Inlet Temperature VJE Effective Exhaust Velocity SPMMT Specific Mass, Total System




V. CONCLUSIONS AND RECOMMENDATIONS
. A. Conclusions

1. The preliminary NUROC3A code described in References 1 and 2
has been proved workable and consistent by the parameter study
described in this volume.

2. The sorted list (APPENDIX C) and detailed outputs of selected
engines (APPENDIX D) indicate that performance characteristics of
the dual-mode space nuclear fission solid-core system are sufficiently
promising for certain classes of missions to warrant further
attention. This conclusion is necessarily tempered by the highly
preliminary nature of the analysis on which the computer code

is based.

B. Recommendations

1. The coarseness and sketchiness of the present analysis (Ref. 1)
require that additional attention be given to improving the
characterization of the engine system, particularly the various
power gencration subsystems.

2. Mission analyses should be performed for specific missions,
probably involving both planetocentric and heliocentric maneuvers,
in order to define quantitatively the usefulness of the dual-mode
concept. Such analyses should incorporate an improved version
of NUROC3A (see Recommendation 1) and should be formulated
to permit direct comparisons with alternative approaches; e.g.,

a combination of chemical rockets and reactor-powered electric

powerplants.
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APPENDIX A Listing of Associated Computer Codes

I Iy Y e T T I T T T TR IL Y,
FRINTEND

THIS ROUTINE IS USED I SET UP THE NXMELISTS FCR THE PAFAMETER

-STUDY. ITHE VALYa> POR TdE VARIXBLES QE, TSUBM, X, QD, BAND 17T
ARE FLED IN Tiz)dUGHd NAMELIST/IN/ AXD APE STORED IN $Q0E, $TSUBK,

$X, $0D, 2ND $72. OTHEE VRRIABLES AFE FOUND IN NAMELIST IKBUG Rli-
ONCE WEICHE ARE YSEPUL FCF CONTFOLLING THE NUPOC3R PARAMETEF STUDY.

TEE FRCGRLM JU™2UTIS NAMELISTIS INBYG :ND ONCE RIONG WITH 242
SETS COF NRMEBLISTS DEFINE, INDRLTA, ARD INPUZ, THE 243 NA“ELIS

SETS DEFINE 243 EITKET ENGINE/POWLF CONVERSIDN SYSTEM :O!BINF,IOT

COFLESFCUNDI NS TJ ALL CTMBINRIIONRS OF THE THREE VALUES PUR THE
FIVE VRAFIARLLS QE, T5U8M, X, QD, AND TC.

ZKPUO. V2RIBLES PUR CONTROLLING THE OPEIRATICN OP PRNTEND ARE P S
FCLIOW. ¢

LISTS = UNIT NUMBEE OP DEVICE WHICH NUROC32 WILIL READ NAME-
LI53I5 PFRO%.
dEF: = JNLIZ NIMBEr OF DEVTCE RECEIVING MESSAGE JUTDI"™ PRI

F2NTEND.

*#*?3&:**1_*****#***‘*#*****t*t***$**ft*##********t#**t***t**##“**ﬂ

LOSICAL*Y HUT,,Ju22,08I3,0U0I4,0975,00Ts, 931(10),852(10), B2 (10)
YEN3ICON $Q2(3),575UBX (3),%$X (3),30D(3) .$ (3)
NEMEL o7 M/3QE,$I5UBM, $%,%$0D,87°C,LIST5,NPkL ,NIN, ICASES,NUN
.,0U71,00T2,7073, Juik, 00 5, 006,831,882, B83, NSTART,NTAPE, NPRNT
N:¥EIZST/I%¥375/38331,BB,bR?
NMMEIILD/7HRCS/ LCASES,OUTT,0U0R2Z,0UT3,01T4,2075,0U76
e, FSILIT  NTADT , N22NT
NAMELZST/INDAT/QE, 2D, TC,”Q' ax, X
Dn-n 5F1/ O*-;—;MDE /'552/'() A L
LIisTe=11
NPET=6
NIN=5
NU™=1
KETAT 7=~
N"EPL="0
KPRIET =€
FEXPD(NIN,TN)
WoITE (ANPET,IY)
WIITE (NP37,9012)
WPZTL(LISTS,INBU3)
WETTE (LISTS,0NCE)
b 10 11=1,3
DC *0 Iz:z=7,
p2 1¢ 2
pC 10 I
D" 10 -

5£./,BB3/10*.FRLSE./

N e b D

U" L I T




xe?D(5,FIN, END=350))

"' GO TO 10
500  WEITE(MS3,8000)

8OO0 FORMAI ('**WAININ3*#*-- NAMELIST RIN LEPI 0UT!')
RFWIND 5

10 WEITE(MSG,RIV)
NNP=NPEMS+1

C 'TEAD IF HEADING LABLEBS
c
. READ(5,7000,BND=32)) (LB (I),LB2(I),I=1,¥NNP)

7000 FORMAT (2286)
60 TO 1%

£20  WEITE (MS3,8010) 812

RO'N  POFMAT (') ®*WARN_NG**--EXPEZCTIN3 ',I2,' PARAMETER LABLES BT NONE
.FOUKDLY)

15 CONTINUE
NEITE (®SG,8020) (LB1(I),LB2(I),I=",NND)

€C.u  FLIMIT(1X,2A3)
C
C CMMZXNCL FLADING A¥o SITORING ENGIFE DATXR ' READ/ERSINE
C
DY 10D I=1,IC5
c
C :EARD CNe ENGTHE
~

TEED(INTP,TAPS,BEND=510)

c
C
C CULTUNT ENGINES READ IN
¥NT=ENT+1
c
C SEI UP POIKTEL RRRAY POR ENGINE DATL
C
TEDX(T) =KNI
c
¢ SIOSE ENGINEZ DA™A
c

NUMA (1) =NU™BER
pCc 110 Ja=1,NP24S
PARMS (2, J) =PRAS (J)
110 CCHTINIE
100 CUNTINUF
GC TG 16
5y WETTE(®S5,3075) 125, KNT
80°5 FCRMET (**=NOTE*¥-!',14,'" FENGINES EXPECTED, ',I4,!' ENGINES FOOUVD,
-MTSSTNG FPNSINES WERE INVALID')

l®
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AR ERRREE TR RE KRR R KRR AR AR R R KRR R AR R AR R AR R Rk R R XK KR TRk R
PSORT

[CS=rAX NUMBER DF ENGINLS EXPECTED

TRTP=UNI. NUMBERX JP 03VICh STORING ENGINE DATR

LNUBEFE -~ LSPTMT = V4L EBLES 1O DEYELRMINE WHICH PARAMETERS ARE SJRIEL
' 0 ME?NS NJ 35972, 1 MEANS SORT MAX 70 MIN, 2 MEANS SORT MTN IO
NPRNT = UNIT NUMBER FOor= PARAMETER SiUDY PRINTOUT

BSG = UNIT NUMBEL PO MESSAGE PRINTOUT

151,LB2 = 1ABLE" P)Orx H&E:DING, INPUT AFTER NRMELIST BIN

FPREMS = NUFSEZ DF PaRAMELIEES INPUT AND 0USPUT, EXCLUDING ENG. NO.

XA AR AR IR AR R TR R R T R AR AR KRR KRR AR KRR R KRN R KRR KR KRR KRR AR R E KKK S

REAL*8 XDATE

REAL*8 181(29),LB82(29)
CO¥MON/1PS/LWGY82,L0E,LTSUBM,1X,10D,L72,LF,1LVJE,LZM™0T, 1S PFGE,
.LSPEMT,LSPTEN,LSPTHT
COKMIN/PS/QE,T5UBY, X,0D,TC,F,VJE, Z4TO™, SPYSEN, SPMMT,SPTENG,SPTH ™
EQUIVALENCE (LPR™5(1),LNUMBE)

EQUIVALENCE (P34>(1),QF)

DIMENSICN INDL(75J),P&R¥S (750,12) ,PRMS (12) ,LPFMS(13),K7*2 (750)
NAMEITST/TaP2/NJ483%,QE,TSUBY,X,9D,TC,F,VJIE,2MNTOT ,SPHGEN, SOM*T,
SPTENG,SPTMT

NAMBIIST/IIN/TC3,IN72,LNUMBE, LQE,LTSUBM,LY,LQD,LTC,1F,LVIE,LZNTDT
LSPMGE,LSPY¥%",L32 EN,LSP"MT,NPPN], %SG

CTRLL DATE (XDalR)

¥en=g

Ics="

KNT=0

NPEN"=F

TNTP=10

NDLME="D

NNP=12

INITIALIZE SOKT ZIONTRJ. VARIABLES

DC 5C I=7,NNP
LPIMZ (T)=0

59 CNTIKUE
LNUKBE=0

IVITIE1IZZT N(. OF

e e Xe)
<]
‘%
w4
[ ]
=<
tz
n
~N
o
b+ 4
15
e
b..’
Q
w
Ve

MASK=3©

INITIALIZE SNARINE COINTEX TO0 39 70 POXRCE INITIAL PRGE SKIP

nen

NRLCT=39

EEAD PRO&GFR® TONTROL D2TA

n NN
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<0

900D
“n1l
9073
cpzn

SUBM=§"SUBM (I4)

=$X (23)

)D=$0D (I 2) .
C=3$.2(21)

YTTE(FPPT, 9000) NUY,QE,TCUB,X,0D,TC

o~

13

WFITE(11S75,93020)

WIZTE(1I575,2NDaThk)

WFITE(1IS15,9930)

NCE=NUM+

CO¥XTINUE

SIQP

PORMAT(* ? S5X,YBY3INE ' T4, 0 QE=',P"0.7,' ISUBM=Y,P ). .1,
v X=',F'0.7," 2D=',Fi0.4," TC=',F70.4)

PORMEZ (' 17)

FOEMZL (' GEDERIVNE S5EXDY)
FCIMIT(' EINPUT GENDY)
EYD
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“6 CCNTINUE
IF (KNT .LE. 0) 32 T2 2J0

S5FT AXD PFINT 2UJ2 PAoAMETE® STUDIE:Z AS SPECIFLED BY INPOT

Nnon

Dr 120 Ki1=1,NN?

E=Ki-1
NACT=M2 SK
C
C SKIZP SORT OF PARAMETERS NOT DESIPED
C
TF (LPPMS(K1).E22.J) 30 TC 120 l
c |
C SPEZIAL SXIP POR SEAIAL LIST
C
IP (K.LE.OQ0) G2 TJ 735
CALL SCFT (INDX,PARXS(1,K),KNT)
c
C PFINT OUT ONL SORTRBD PARAMETER 3TUDY
C
12T D7 140 M=1,KNT
Ki=4
C
C ~F LPRMZ (K1) = 2, 23.K7 IN JRDEx FEOM LOW T) HIGH
c

IP(KY .EQ. 1) 30 TO 13¢

TP (LPFMS (K1) .EQ.1) "1=KNT+1-™
130 COCNTINLE

I¥® (NACT.LT.MASK) 3u TC *30

KICI=0
C
¢ PRINT HEADING
C

WPITEL (NPRNT,900J)
WEITE (NPRNT,9010)
WRITE (NPRNT,9020)
WRITE (NPRNT,9030) XDATE
®W2ITE (KPPNT,940)
WRITE (NPPNT,9050) LB1(K1),LB2(X1)
WFITE (NPRNT,9060)
WEITE (NPRNT,9065)
130 INX=INDX (M1)
WRITE (NPRNT,9070) NUMA (INX), (PAR™S(INX,L),L=1,NPEMS)
NACT=NRCT+"
140  CONTINTE
120 CCNTINLE
12  WFITE(¥SG,8050)
80%) FOFMAT (' NORMAL TERNINATION')
STIGP
200 WEITE(FS3,9030)


http://NACI.Lr.MA3K

9080 PCEMAT (' *% ATTENTION *% -- NO ENGINE DATA FOUND, J207DPUT',
. ' TABLES WITAHELD')
GC 17 121
9000 FORMAT (*1')
90°C PORNMAT('0', /)
9020 PURMET(' ',50X%,'I3Z AEROSPACE SYSTEMS LABORATORY',/,56X,'PRTNCET"
1 UNIVERSITY')
9030 FORMET('0',87X,A3)
90L0 PORMAT('0',37X,
1'DUAL MODE SJLID CORE NUCLEAR SPACE POWER/PPOPULSICN SYTTEM!)
a050 POKMMT(' ¢,37X,'NUR0C3A, SPACE NUCLEER SYSTEM PARAKETER STUDY-!,
. 218)

1 9060 PORMAT('0',15X,'ENG' , U4X, "QE* , 4X,*TSUBM!,4X,"X',6X,'0D',5X,'TC?,

«10X,'7!,6X,'VJ%! ,5X,'2MTOT! ,3X,SPMGEN' ,2X,*SPMMT?, 4X, ' SPTENG,
LUX,'SPTHT?Y)

9055 FOPMIT (' ¢, 15X, 'ND,. ', 4X, "MWE',5Y, "K', 11x, " MWT/M3,4X,'k*, 11X,
STRNT!, 58X, 'M/S! 5K, KRG " ,UX,'RG/KNWE! ,3X ,'RG/RWE', UX, ' N/K3?*,
«5X,*N/KG'))

‘9079 ¥®PORMZT (' ',15%,I3,3X,P4.2,3%,¥5.0,3%X,P4.2,2X,F5.0,3%,P5.9,

.6X,Pc,2,2%X,P5,0,34,P5.0,3X,P6.3,3%,F6.3,3X,P6.3,3X,F6.3)
END
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SUBROULIINE S RI(LIST,XPNK,L1NWN3)
R RS R AR KRR IR R KRR R R E KR AR KR AR RN XK R R KRR AR AR AKX KR KRR RS &

$937
' THIS RLUGTINE STJRES TK AZEAY LTST THE INDICES OF THE PIRST ING
t ELEMENTS OPF "HZ APRAY XPMR Tk QFDE> OF THEIP VALUE FFOM SMLLLEST
‘TO LAFGES3T.
h:**ttt#***t***#}_}ifi‘igg"':i**_*_#_*****t***tt****##**#**#t****#*ﬂ!*‘*
DIMENSICN LISI(30),XPMx (50)
c
C
IF(LNG .LT. 2) 33IJ2N
IPT = 2
L 11=1p7
‘ I2=1pT-1
¥1=LIST (IPT)
3 IP(XPM. (LIST(ZP")) .3E. YPYR(LTSI(I2))) 30 TN 6
IF(I2 -L%. 1) G) IJ) 5
1e=1I2-1
GO TC 3
€ I2=T2+"
- IF(I° .1R. I2) 30 ID 2
g LISS(I1)=1ISI(I1-1)
T1=T1-"
GC ~o
2 LIST(I2)=¥1

IP(ZPT .GE. LN3) aE2770RF
IPL=IPT+1

GL TC 4

END
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07/14/76

DUAL MODE SOLID CORE NUCLEAK SPACE POWER/PTPOPULSION SYSTEM

1-49

=
o=
L 1]

CEHBNANEWN -

NUROC3IA, SPACE NUCLEAR SYSTEM PARAMZTER STUDY-SERIAL LTST

oe TSUBN X ()] TC [ 4 vie ZMTOT SPNMGEN SPMNT SPTENG SPINT

133 K MuT /N3 K KN N/S KG KG/KWE KG/KWE N/KG LV4 ]
0.10 1300. 0.25 500. 2700. 50.50 8775, a187, 36.617 81.871 11,160 6.169
0.50 1300. 0.25 500, 2100, 50.u8 8776. 20920, 32.733 1,839 11.086 2,413
1.00 1300. 0.25 500, 2700. 50.u8 8776, 3ARB2, 32,296 36.882 11.007 1.369
0.10 1420, 0.25 500. 2700. 50.u8 8776, 7562. 30.3%3 75,625 11,151 5.675
0.50 1420, 0.25 500. 2700. 50.48 8776, 18067, 27.029 36,134 11.087 2.794
1.00 1420, 0.25 500. 2700. 50.44 8776. 31240, 26,F5) 31,200 11,007 1.616
0.10 1600, 0.25 500. 2700. 50.48 8776, 6147, 16,208 61,471 11.151 A, 212
0.50 1600. 0.25 500. 2700. 50.48 8776, 11591, 14,076 23.182 11,087 4.355
1.00 1600. 0.25 500. 2700. 50.48 8776. 18423, 13.837 18,023 11.007 2.740
.10 1100, 0.33 500. 27040, 50,18 8776, 6149, 16.596 61.889 11.123 8.140
0.50 1300. 0.33 500. 2700. 50. 38 877k, 11701. 14.270 23.402 11.033 4.305
1.00 1300. 0.33 500. 2700. 50, 38 8776, 186 20. 14,008 18.620 10,922 2.705
0.10 1420, 0.33 500. 2700, 50.38 8776, 5877, 13.473 58.766 11.122 8.572
0.50 1420, 0.33 500, 2700. 50.38 8776. 10294, 11,456 20.588 11.913 4,894
1.00 1420, 0.33 500. 2700. 50.38 8776. 15842, 11.230 15.842 10.322 3. 1420
0.10 1600, 0.33 500. 2700. 50.138 R776. 5714. 11.84% 57.138 11.122 B.816
0.50 1600. 0.33 500. 2700. 50.138 8776. 9594, 10.0%5¢ 19.188 11.033 5.251
1.00 1600. 0.33 500. 2700. 50.38 8776, 14667, 9.85% 14,467 10.922 3.482
0.10 1300. 0.50 500. 2700. HEMT PIPE TEMP. BELOW TURBINE INLET TEMP.
0.50 1300. 0.50 500. 2700. 48.59 8771. 15010. 20.370 30,020 10,070 31.237
1.00 1300. 0.50 500. 2700. 48.59 8771. 25190, 20.051 25.130 9,455 1.920
0.10 1420. 0.50 500. 2700. HEAT PIPE TEMP. BELOW TURBINE INLET TEMP.
0.50 1420, 0.50 500. 2700, HEAT PIPE TEMP. BELOW TURBINE INLET TENP.
1.00 1420. 0.50 500, 2700. HEAT PIPE TEMP. BELOW TURBINE FNIEF TEMP.
0.10 1600. 0.50 500. 2700. HEAT PIPE TEMP. RELOW TORBINE INLET TEMP.
0.50 1600. 0.50 500. 2700. HEAT PIPE TEMP. BELOW THRBINE INLE™ TEMP.

1.00 1600. 0.50 500. 2700. HEAT PIPE TEMP. BELOW TURBINE INLET TEMP.
0.10 1300. 0.25 1000. 2700. 50.49 8776. 6516, 36,617 65,164 17.685 T.748
0.50 1300. 0.25 1000, 2700. 50,49 8776. 19240, 32.733 3. 479 17.572 2.624
1.00 1300.° 0.25 1000, 2700. 50.49 87176. 35193, 32,296 35.193 17.430 1.435
0.10 1420, 0.25 1000. 2700, 50.49 8776. 5890. 30.358 58.903 17.687 8,572
0.50 1420. 0.25 1000, 2700. 50.49 8776, 16387, 27,028 32.774 17.5972 3.081
1.00 1420, 0.25 1000. 2700. 50.49 8776. 29550. 26,653 29.5%50 17.430 1.709
0.10 1600. 0.25 1000. 2700. 50.49 8776. 4475, 16. 204 44,750 17.6R7 11.2%3
0.50 1600. 0.25 1000, 2700, 50.49 8776, 9311. 14.07% 19.822 17.572 5,094
1.00 1600. 0.25 1000. 2700. 50.49 8776. 16733, 13.837 16,733 17,430 3.017
0.10 1300. 0.33 1000, 2700, 50.39 8776. 4516. 16.596 45,156 17.645 11.160
0.50 1300. 0.33 1000. 2700. 50.u4 B776. 10017, 1,270 20.035 17.499 5.035
1.00 1300, 0.33 1000. 2700, 0. 44 a7176. 16924, 14,008 16.924 17.1302 2.940
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[4: §

QE
MWE

0.10
0.50
1.00
0.10
0.50
1.00
0. 10
0.50
1.00
¢.10
0.50
1.00
0,10
0.50
1.00
0.10
0.50
1. 00
0.10
0.50
1.00
0. 10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1'00
0.10
0.50
1.00
0.10
0.50
1.00

TSUBY

14820,
1420,
1420,
1600.
1600,
1600,
1300.
1300,
1300.
1420.
1420.
1420.
1600,
1600.
1600,
1300.
1300.
1300.
1420.
1420,
1“200
1600.
1600.
1600.
1300.
1300.
1300.
1420.
1420.
1420.
1600.
1600.
1600.
1300.
1300.
1300.
1420.
1420.
1420.

077147176

DUAL HODE SOLID COREZ NUCLEAR SPACE POMER/PROPULSION SYSTEM

NURO :3a,
X oD

nHT /M3

0.33 1000,
0.33 1000,
0.33 1000,
0.33  1000.
0.33  1000.
0.33 1000,
0.50 1000,
0.50 1000,
0.50 1000,
0.50 1000.
0.50 1000,
0.50 1000,
0.50 1000,
0.50 1000,
0.50 1000,
0.25 1500.
0.25 1500,
0.25 1500,
0,25 1500,
0.25 1500,
0.25 1500,
0.25 1500,
0.25  1500.
0.25 1500.
0.33 1500,
0.33 1500,
0.33 1500,
0.33 1500,
0.33 1500,
0.33 1500,
0.33 1500,
0.33 1500,
0.33 1500,
0.50 1500,
0.50  1500.
0.50 1500,
0.50 1500,
0.50 1500,
0.50  1500.

TC
K

2700.
2700.
2700.
2700.
2700.
2700.
2700.
2700.
2700.
2700.
2700.
2700.
2700.
2700.
2700,
2700.
2700.
2700.
2700.
2700.
27900.
2700,
2700.
2700,
2700.
2700.
2700,
2700.
2700.
2700.
2700,
2700,
2700.
2700.
2700.
2700.
2700.
2700,
2700.

F
KN

50. 39
50.44
50. 44
50.39
50, 44
50.44
HEAT
HEAT
HEAT
HEAT
UEAT
HEAT
HEAT
HEAT
HEAT
50. 49
50.49
50.52
50.49
50.49
50.52
50.49
50.49
50.52
50. 36
50,40
50. 40
50.36
50.40
50.40
50.36
50,40
50.40
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT

SPACE NUCLEAR SYSTEM PARAMETER

VIE
M/s

R776.
8776.
A776.
8776,
8776,
A7176.

PIPE
PIPE
PIPE
PIPE
PIPE
PIPE
PIPE
PIPE
Pl1PE

TENMP.
TENP.
TEMP.
TEMP.
TBHPO
TENP.
TENP,
rEnp.
TENP.

8776.
8776.
8776.
8776,
8776.
8776.
8776.
a77e6.,
8776.
8776.
8776.
R7176.
8776,
87176,
8776.
8776,
8776.
8776,

PIPE
P1PE
PIPE
PIPE
PIPE
PIPR

TENMP.
TENP.
TEuP,
TENP.
TEMNP.
TENP.

STNDY-32°IAL LIST

IMTOT SPMGEN SPMHUT

KG KG/KWF KG/KWE
u203. 13,473 42,03)
8o 11, 11.456 17.221

14145, 11.230 14,145
uou1, 11.845 40.406
7911, 10.056 15.821

12770. 9.855 12.770

BELOW TURBINE TNLET
BELOW TURDINE INLET
PELOW TURBINE INLET
BELOW TURRINE INLET
BELOW TURBINE INLET
BELOW TURBINE I[NLET
BELOW TURBINE TNYET
DELOW TURBINE INLET
BRELOW TURNRINE INLET
5928, 36.61
18647, 32.71}
34597, 32.296
5302, 30.354
15795. 27.028
28954, 26.65%
3886, 16.204
9319, 14,076
16137. 13.837
3926. 16.596
9423, 14.270
16323, 14,008
b4, 13,471}
A016, 11.454
13544, 11.230
3451, 11,845
7316, 10.06
12170. 9,855
BELOW TURRINE INLET
BELOW THRBINE INLET
BELOW TURRINE INIET
BFLOW TURBINE INLET
BELOW TURBINE TNLET
BELOW TURBINE INLET

TEMP,
TENP,
TEMP,
TEMP,
TEMP,
TENRP,
TEMP,
TEMP,
TENP.

59.275
37. 295
Iy.597
53.015
31.590
28.954
38.862
18.638
16.137
319.260
18.846
16.323
36.137
16.032
13. 544
34,510
14,632
12.170

TEMP.
TEMP.
TEMD,
TEMP,
TEMP,
TEMP.

SPTENG
N/KG

17.685
17.499
17.302
17.645
17.499
17.302

22,283
22.134
21,964
22.284
22.134
21.964
22,284
22.134
21.964
22,222
22.026
21.1M
22,222
22.026
21, 1M
22,222
22.026
21.7711

SPTHT
N/KR

11.9R9
5.858
3.5h6
12.472
6.376
3.950

8.518
2.708
1,460
9,524
3.197
1.745%
12.992
5.018
3.131
12.878
5.3u48
3. 087
13.937
6,297
3.721
14,594
€.888
.14




1 §

110
(RN
112
13
118
1s
116
117

QB
MWE

0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00

TSUBN

1600,
1600.
1600.
1300.
1300.
1300.
1420.
1420,
1420,
1600,
1600.
1600.
1300.
1300,
1300.
1420,
1420.
1420,
1600,
1600.
1600.
1300.
1300.
1300.
14290,
1420,
1420,
1600.
1600,
1600,
1300.
1300.
1300.
1420,
1420.
1820,
1600.
1600.
1600.

07/14/76

DUAL MODE SOLTID CORE NHCLEAR SPACE POWEn/PRIPUISION SYSTEN

NiIROC3A,
X QoD

HeT /N3
0.50 1500.
0.50 1500.
0.50 1500.
0.25 500.
0.25 500.
0.25 500.
0.25 500.
0.25 500,
0.25 500.
0.25 500.
0.25 500,
0.25 500.
0.33 500.
0.33 500.
0.33 500.
0.33 500,
0.33 500.
0.33 500.
0.33 500.
0.33 500,
0.33 500.
0.50 500.
0.50 500.
0.50 500.
0.50 500.
0.50 500.
0.50 500.
0.50 500,
0.50 500.
0.50 500.
0.25 1000.
0.25 1000.
0.25 1000.
0.25 1000.
0.25 1000.
0.25 1000,
0.25 1000.
0.25 1000,
0.25 1000,

TC
K

2700.
2700.
2700.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000,
3000.
3000,
3000.
3000.
31000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.

F
KN

HBAT PIPE TEMP.
HEAT PIPE Teup,
HEAT PIPS TEMP,

47.26
47.26
47,26
47.26
47.26
47,26
47.26
u47.26
u7.26
47.26
47,26
47,26
47.26
47,26
47,26
47.26
47,26
47.26
u6.18
46.36
46.36
u6.18
46.36
46.136

AEAT PIPE TENP.
BEAT PIPE TENMP.
HEAT PIPE TEMP.

47.62
47.63
u7.63
47.63
47.63
47.63
47.63
47.63
47,63

vaIg
M/S

9220.
9219.
9219.
9219.
9219,
9219.
9219.
9219.
9219.
9219.
3219,
9219.
9213,
92189.
9219,
9219.
9219.
9219.
9216.
9217.
9217,
9216,
9217.
9217.

9221.
9221,
9221.
9221.
9221,
9221,
9221,
9221.
9271,

IHTO1
KG

RELOW TUKRBINE
BLLOW THOKBINE TNLET TEWMP.
BFLOW FURRINE INLET TEMP.

8154.
20885,
jénue,

7528,
18032,
31205.

6112,
1155h.
18138R,

6154,
11664,
18586.

5842,
10260.
15807.

5679.

9560,
14433,

6867.
14983,
25163,

6009,
12904.
21052,

AELOW THRBINE INLE! TEMP.
BELOW TURRINE INLET TEMP.
BELOW TURBINF INLFT TEMP.

6485,
19208,
35161,

5859.
16355,
29519,

Byut,

9379,
16702,

SPACE NUCLEAR SYSTEH PARAMETER STUDY-SERTA! TINT

SPMGEN
KG/KWE

316.617
32.733
312.296
30,358
27.021
26.653
16, 200
14.076
13.837
16.596
14,274
14,008
13.473
11,450
11.230
11.845
10.050
9.855
23,211
20,370
20,051
19.629
16,212
15.949

IR.617
32,71
32.296
310.359
27.024
26,€5)
16,204
14.074
13.837

SPHHT
KG/KWE

INLET TEMP.

81.5u0
41.769
36, RUB
75.278
36,064
31.205
61.124
23.11)
168,388
61.545
23,333
18,586
58.421
20.519
15.807
56.794
19.119
14,4313
hB.675
29.967
25.163
64,093
25,808
21.052

64,840
iB.u16
315,161
58,587
32.711
29.518
4u,433
19.759
16,702

SPTTNG
N/KG

10.519
10,460
10. 380
10.522
10.460
10.33¢0
10,522
10,460
10,384
10.515
10.439
10.1325
10.515
10.410
10.325
10.515
10,430
10,1325
10,158
3.662
9.068
10.154
9.662
3.0AR

16.868
16.761
16.623
16.872
16.7A0
16.623
16.R72
15.760
16,623

SPIMT
N/ K3

5.795
2,263
1.2483
6.778
2.621
1.515
7.732
4,090
2.570
7.679
4,01
2.543
8,030
4.607
2.990
8,322
4.944
3.275
6.725
3. 090
1.842
7.205
3.95913
2.202

7.3448
2.480
1.355
8,129
2,912
1.613
10.719
4,821
2,882




y-d

07/14776

DUAL MODE SOLID CORFE NHUCLEAR SPACE POWEE/PROPULSION SYSTEM
NUROC3A, SPACE NUCLLAR SYSTEM PAPAMETER S1UDY-SERIAL LIST

ENG OE TSUBHM X oD TC F VIR ZHTOT SPUGEN SpPMNT SPTENG SPTHT
NO. MWE K BT /N3 K KN Mm/s KG XG/KWl KG/KWE N/KG N/KG
118 0.10 1300. 0.33 1000. 3000. 47.63 9221, uyes. 16.596 un, 845 16.860 10.620
119 0.50 1300. 0.33 1000. 3000, 47.63 9221, 3786, 14.270 19,972 16,705 4,769
120 1.00 1300. 0.33 1000. 3000. 47.63 9221. 16392, 14.008 16.892 16.51F 2.819
121 0.10 1420, 0.33 1000. 3000, 47.63 9221, 4172. 13.473 81.722 16.860 11.415
122 0.50 1420. 0.33 1000, 3000. h7.63 9221, 8579, 11.456 17.158 16,705 5.551
143 1.00 1420. 0.33 1000. 3000. 47.63 9221. 14113, 11.239 14,113 16.516 3.375
124 0.10 1600. 0.33 1000. 3g400. 47,63 9221, 4009, 11.845% 40,095 16,860 11.879
125 0.50 1600. 0.33 1000, 3000. 47.63 9221. 7879, 10.056 15.758 16,705 5.045
126 1.00 1600. 0.33 1000. 3000. u7.63 9221, 12739, 9.655 12.739 15,516 3.739
127 0.10 1300. 0.50 1000. 3000. HEAT PIPE TFMP. BELOW TURBINE INLET TEMP.

128 0.50 1300. 0.50 1000. 3000, HEAT PIPE TENP. BELOW TURBINE INLET TEMD.

129 1.00 1300. 0.50 1000, 3000. HEAT PIPE TENMP. BELOW TURBINE INLET TEMP,

130 0.10 1420. 0.50 1000. 3000. HEAT PIPE TEMP. BELOW TURBINL INLET TEMP.

131 0.50 1420. 0.50 1000, 3000. HEAT PIPE TEMP. BELOW TURBINE INLET TEMP,

132 1.00 1420, 0.50 1000. 3000. HEAT PIPE TEMP. BELOW TURAINE L[NLET TEMD,

133 06.10 1600. 0.50 1000. 3000. HEAT PIPE TEMP. BELOW TURBINE INLET TEMP.

134 0.50 1600. 0,50 1000. 3000. HEAT PIPE TENMP. BELOW TURRINE INLET TEND.

135 1.00 1600. 0.50 1000. 3000. HEAT PIPE TEMP. BELOW TURBINE INLET TEMP.

136 0.10 1300. 0.25 1500. 3000. 47.78 9221. 5897, 316.617 58.969 21.374 R. 102
137 0.50 1300. 0.25 1500. 3000. 47.78 9221, 18617, 32,733 37.234 21,230 2,566
138 1.00 1300. 0.25 1500. 3000, 47.78 9221, 34566. 32.296 34.566 21.050 1.13482
139 0.10 1420. 0.25 1500. 3000. 47.78 9221. 5271%. 30. 354 52.709 21,376 9.064
140 0.50 1420, 0.25 1500. 3000. 47.78 9221, 15764. 27.028 31.529 21.230 3,031
141 1.00 1420. 0.25 1500. 3000. 47.78 9221, 28923, 26.651 28.923 21.050 1.652
142 0.10 1600. 0.25 1500, 3000. 47.78 9221, 3856. 16,204 318,555 21.376 12.392
143 0.50 1600. 0.25 1500. 3000. 47.78 9221, a288., 14,076 18.577 21.230 5. 144
4y 1.00 1600. 0.25 1500, 3000, 47.78 9221. 16106. 13.837 16.106 21,050 2.966
145 0.10 1300. 0.33 1500. 3000. 47.78 9221, 389h. 16.596 38.964 21.360 12,262
146 0.50 1300. 0.33 1500. 3000. 47.178 9221. 9391, 14.270 18.766 21,158 5.086
17 1.00 1300, V.33 1500. 3000. 47.78 9221, 162913, 14.008 16.293 20.910 2.932
148 0.10 1420, 0.33 1500. 3v00. 47.78 9221. 3584, 13.47) I5. ALY 21.350 13.331
149 0.50 1420, 0.33 1500. 3000. 47.78 9221, 7986, 11,456 15.973 21.158 5.982
150 1.00 1420, 0.33 1500, jooon. 47.78 qe21. 131515. 11.230 13.515 20.910 3.513%
151 0. 10 1600. 0.33 1500. 3000. 47.78 9221. 3421, 11.845 34,211 21,360 13.965
152 0.50 1600, 0.33 1500. 3000, u7.78 9221. 1280, 10.056 148.572 21.158 6.557
153 1.00 1600, 0.33 1500. 3000. 47.78 9221. 12140, 9.855 12. 140 20.910 3.9136
154 0.10 1300. 0.50 1500. 3000. HEAT PIPE TEMP., BELOW TURBINE INLET TEMP.

155 0.50 1300. 0.50 1500. 3000. HEAT PIPK TEMP., BELOW TURBINE INLET TEMP.

156 1.00 1300. 0.50 1500. 3000, HEAT PIPE TEMP. BELOW TURBINE INLET TEMP,




S-4

ENG
NO.

157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195

QB
MWE

0.10
0.50
1.00
0.19
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00

TSUBM

1420,
1420.
1420.
1600.
1600.
1600.
1300.
1300,
1300.
1420.
tu29.
1420.
1600.
1600.
1600.
1300,
1300.
1300.
1420.
1420.
1420.
1600.
1600.
1600.
1300.
1300.
1300.
1420.
1420.
1420,
1600.
1600.
1600.
1300.
1300.
1300.
1420.
1420.
1420.

07T/14/7¢

DUAL MODE SOLID CORE NUCIEAR SPACE POWER/PAOPULSTON SYSIEM

NUROCIA,
X oD

HWT /M3
0.50 1500.
0.50 1500.
0.50 1500.
0.50 1500.
0.50 1500.
0.50 1500.
0.25 500.
0.25 500.
0.25 500,
0.25 500.
0.25 500.
0.25 500.
0.25 500.
0.25 500,
0.25 500.
0.33 500.
0.33 500.
0.33 500.
0.33 500.
0.33 500.
0.33 500.
0.33 500.
0.33 500.
0.33 500.
0.50 500,
0.50 500.
0.50 500.
0.50 500.
0.50 500.
0.50 500.
0.50 500.
0.50 500.
V.50 500.
0.25 1600.
0.25 1000.
0.25 1000,
0.25 1000.
0. 25 1000.
0.25 1000.

TC
K

3000.
3000.
3000,
3000,
3000,
3000.
3300,
3300.
3300,
3300.
3300.
3300,
3300,
3300.
3300.
3300.
3300.
3300.
3100,
3300,
3300.
3300.
3300.
3300,
3300.
3300,
3300.
3300.
3300.
3300,
3300.
3300,
3300.
3300.
3300.
3300.
3300.
3300,
3300.

F
KN

HEAT
HEAT

HERT

HEAT

HEAT

HEAT

44 .46
uu. 47
qy.u7
4y .47
Y
uy, 47
44,47
4u.47
nu.47
44,47
44,47
4y .47
44,47
44,47
4y, 47
44,47
ay.u7
uy. 47
44,29
44.49
4u. 47
uy.29
4. 49
Ly.47
uy. 29
uy. 49
44,47
45,15
45. 16
45.16
45.16
45.16
45.16

VJE
M/S

PIPE TEMP.
PIPE TENP.
PIPE TEMP.
PIPE TENP.
PIPE TEMD,
PIPE TENP.
9636.
96136,
9636.
9636,
9636.
9636,
9636.
9636,
96136.
9636.
96136,
9636
9636,
9636,
9636,
9636,
9636.
9616,
9636.
9635,
9636,
9636.
9635,
9636.
9636.
9635,
96136,
9639,
9639.
9619,
9639,
9639.
96139,

IMTO1
KG

BELOW
BELOW
BELOW
BLI.OW
BELOW
BELOW
84126.
20857.
36820.
7500.
18004.
31177.
6084,
11528,
1360,
6126,
11639,
18558,
5814,
10232.
15779.
5051,
9532,
1u405.
68U6,
juve.
25142,
6388,
12882.
21031,
6052,
11383,
18074.
6459,
19183,
3513%6.
58313.
163130,
29493,

SPACE NUCLEAR SYSTEM PAPAMUTER STHUDY-SLRIAL LISE

SEMGFN SPHMT
KG/KWE KG/KWE
TORATNE INLET TFMP.
TURBINE INLET TEMP,
TURBINE TNLET TEMP.
TURRINE INLET TEMP.
TURBINE INLLT TEMWP.
TURBINE INLET TEMP.
36.617 81 261
32,733 41.713
32.296 36.820
30.358 74.998
27,021 36.008
?6.653 31.177
16.204 60.044
14,076 23.057
13.837 18.360
16.596 61.265
14,270 23.2717
14.004 1R.558
13.473 58.141
11.456 20. 4614
11.230 15.779
11.8u5 56.514
10.056 19.0613
9.855 14,405
23.2M1 68,463
20,370 2%.922
20,051 25,102
16.629 63.881
16,212 25.763
15.9u40 21.031
15.270 60.522
13.215 22.766
12.960 18.074
36.617 64,594
32.733 38.365
32.296 315. 136
30. 358 58.3313
27.02R8 32.660
26,651 29,493

SPTENG
N/KG

SpTuT
N/KG

e

v e

g —————




ENG
NO,

196
197
198

204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
21
232
233
234

9-4

QE
MWE

0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0. 10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
t.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00
0. 10
0.50
1.00

TSUBM

1600.
1600.
1600,
1300.
1300.
1300.
1420.
120,
1420.
1600.
1600,
1600.
1300.
1300.
1300.
1420.
1420.
1420.
1600.
1600.
1600.
1300.
1300.
1300.
1420.
1420.
1420.
1600.
1600.
1600.
1300.
1300.
1300.
1420,
1420.
1420.
1600.
1600.
1600.

07/14/76

DUNL MODE SOLID CORXE NUCLEAR SPACE POMEY/PROPULSTON SYSIEM
NUROC3AR, SPACE NUCLEAR SYSTEM PARAMETER STUDY-SER1IML LIST

X

0.25
0.25
0.25
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.2%
0.25
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33

QD
MVT /N3

1000.
1000.
1000.
1000.
1000,
1000.
1000.
1000,
1000,
1000.
1000,
1000,
1000.
1000.
1000.
1000.
1000,
1000.
1000.
1000.
1000.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.

TC
K

1300,
3100.
3300.
3300.
3300.
3100.
3300,
3300,
3300.
3300.
3300.
3300.
31300.
3300.
J300.
3300.
3300,
3io00.
3300.
31300,
3300.
3300.
3300.
3300.
3300.
3300.
3300.
3300.
3300.
3300,
3300,
3300.
3300.
31300.
3300.
3300.
3300,
3300.
3300,

P
KN

45.16
45.16
45,16
45.16
45.16
45.16
45,16
45.16
45.16
45.1b6
45.16
45,16
HEAT

44.35
44,135
HEAT

HEAT

HEAT

HEAT

HEAT

HEAT

45.41
45.42
45,42
45.42
05.42
45.42
45.42
45,42
45,42
45.42
45.42
45.42
45.42
45,42
45.42
85.42
45.42
45.42

VJE
n/s

61319,
3639.
9639,
96139,
96 39,
9639.
9619,
9639,
96139.
9639,
9639.
9639,
PIPE TEMP.
4636.
9636,
PIPE TENMP,
PIPE TENP,
PIPE TEMP.
PIPE TENP.
PIPE TENP,
PIPE TENMP.
3640.
9640,
9640.
9640.
9640,
9640,
9640,
9640,
9640.
9640.
9640,
9640,
9hy0,
9640,
96490.
9640,
3640.
3640,

ZMTOT SPMGEN SPHNT
K3 KR/KWe KG/KWE
4413, 16,204 44,179
Y854, 14,076 18.708
166 76. 13.837 16.676
unsy, 10.596 44.5%91
9960, 14.270 19.921
16867, 14,008 16.1867
4147, 13.473 U1.468
8554. 11,456 17.107
14088, 11.430 14,088
39ay, 11.845 39. 841
7454, 10.056 15.707
12713, 9.8RS 12.713
BELOW TURRINE INLET TEMP.
13199, 20.370 26.398
23288, 20.051 23.288
BELOW TURBINE INLET TEMP,
BRLOW TURDBINE INLET TEMP.
BELOW TURRINE LNLET TEMD.
RELNW TURBINE INLET TEMP,
BEIOW TURBINE INLET TEMD.
BFLOW TURBINE INILFT TEMP.
5872. 36.0617 58.723
18592, 32.733 37.184
34541, 32.296 34.541
5240. 30.358 52.463
15740. 27.028 31.479
21898, 26.653 28.898
3831. 16,204 18.309
9264, 14,076 18.527
16082, 13.8137 16.082
3n7r2. 16.596 38.717
9368, 14,270 18.737
16269, 14.008 16.269
3559, 13.473 35.594
7962. 11.456 15.923
13490. 11.230 13.490
3397. 11,845 33.967
Te62. 10.0506 14,523
12115, 9.855 12.115

SPTENG
N/KS

16,142
16.035
15.902
16.131
15.982
15.799
16.131
15.982
15,799
16.131
15.982
15.799

14,714
13.701

20.543
20.404
20,229
20.54F
20,404
20,229
20,546
20.404
20.229
20.530
20.3%4
20.013
20.530
20.1334
20.093
20,5130
20.3%
20,0913

SPTHT
N/KG

10,222
4,583
2.708

10. 127
4,534
2.677

10.890
5.279
3.205

11.335
5,750
3.552

3.360
1.904

7.733
2.441
1. 315
8.657
2.885
1,572
11.855
4,002
2.820
11.730
4, A48
2.792
12.759
5.70%
3.167
13,1370
A, 250
3.749




L-9

ENG
NO.

235
236
237
238
239
240
241
242
243

Qe
FWE

0.10
0.50
1.00
0.10
0.50
1.00
0.10
0.50
1.00

TSUBA

1300.
1300.
1300.
16420.
1420.
1420.
1600,
1600.
1600.

07/1u4/76

DUAL MODE SOLID CORg NUCLEAR EPACE POWER/PPOPULSTON SYSTEM

NUROC3A,
X QD
MWT /N3
0.50 1500.
0.50 1500.
0.50 1500.
0.50 1500.
0.50 1500.
0.50 1500.
0.50 1500.
0.50 1500.
0.50 1500,

TC
K

3300.
3300.
3300.
1300.
31300.
3300.
3300.
3300.
3300.

F
KN

HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT

PIPR
PIPE
P1PE
PIPE
PIPE
PIPE
PIPB
PIPE
PIPE

VIR
M/5

TEMP.
TEMP.
TENP.
TENP.
TEMP.
TENP.
TEMP.
TENP.
TEMP.

ZNTOT
KG

ARLOW
BELOW
BLLOW
BLLOW
BELOW
BFELOW
BELOW
RELOW
BELOW

SPHGEMN
KG/KWd

TURBINE
TURRINE
TURRINE
TURBINE
TURBINE
TUABINE
TURBINE
TURDINE
TUFBINE

SPACE NMUCLEAR SYSTEM PARMPMETER STHDY-SFERIAD LIST

INLET
INLET
INLE™
INLET
INLET
INLET
INLET
INLET
INLET

SPHHT
KG/KHWE

TEMP.
TEMP.
TEMP.
TEMP.
TENP,
TENP,
TE#MP.
TENP,
TEMP.

SPTENG
N/KG

SPTMT
N/KG




Page 1, VJE Sort 07/131/76

DUAL MODE SOLID CORE NUCLEAR SPACE POWER/PROPULSTON SYSTEM
NUROC3A, SPACE NUCLEAR SYSTEM PARAMETER SIUDY-VJIE SORT

-2

ENG QE TSUBM X QD TC P VIE ZNTOT SPHREN SPUNT SPTRNG SPTHT
NO. HWE X HRT /N3 K KN M/s KG KG /KW KG/XSE N/KG N/KG

217 0.10 1300, 0.25 1500. 33o00. 45,41 3640, 5872. 36,617 58.723 20,543 7.733
234 1.00 1600, 0,33 1500. 31300, 45.42 3640, 12115, 9,855 12,115 20.093 1.749
233 0.50 1600, 0.33 1500. 3300. bS.42 9640, 7262, 10.056 14,523 20. 334 6,254
232 0.10 1600, 0.33 1500. 3300. 45,42 9640. 3397, 11,845 33,967 20.530 13.370
231 1.00 1320, 0.33 1500. 3300, 45,42 9640, 13490, 11,230 13,490 20.7293 3.3R7
230 0.50 120, 0.33 1500. 3300. 45,42 9640. 7962. 11.456 15.923 20. 38 5.704
229 0.10 1420, 0.33 1500. 3300. 85,42 9640. 3559. 13.473 35.594 20.530 12,759
228 1.00 1300. 0.33 1500. 3300. 45.42 9640, 16269. 14.009 16,269 20.092 2.792
227 0.50 1300. 0.33 1500. 3300. 45,42 9640, 9368, 1,270 18,737 20,330 4.8u8
226 0. 10 1300, 0.33 1500. 3300, 45,42 9640. 3pIr2, 16.596 18,717 20.530 11.710
225 1.00 1600. 0.25 1500. 31300. 45.42 I6u0. 1,082, 13.837 16.082 20,2209 2,824
224 0.50 1600, 0.25 1500. 3300. 45.42 9640. 9264, 14,076 18,527 20,404 4,902
2213 0.10 1600, 0.25 1500. 3300. 45.42 96u40. RE XN N 16.204 38,300 20.5464 11.855
222 1.00 1420. 0.25 1500. 3300. 45.42 9640. 28894, 26.653 28,898 20.229 1.572
221 0.50 1420. 0.25 1500. 3300. 45.42 9640, 15740, 27.028 31.479 20.404 2. 8BRS
220 0. 10 1420. 0.25 1500. 3300. 45,42 9640. 52u6. 30. 358 52,462 20,5486 B.657
219 1.00 1300, 0.25 1500. 3300. 45.42 9640, 3as541., 32.296 34,541 20.229 1.315
218 0.50 1300. 0.25 1500. 3300. 45.42 964 0. 18592, 32.7313 37.184 20.404 2,043
190 0.10 1300. 0.25 1000, 3300. 45,15 9639, 6459, 36.617 64,594 16.140 6.990
192 1. 00 1300. 0.25 1000. 3300. 45,16 9639. 35136. 32.296 35.13% 15,302 1. 285
207 1.00 1600. 0.33 1000, 3300, 45.16 9639, 12713, 2,855 12.713 15.799 3.552
206 0. 50 1600. 0.33 1000. 3300. 45.16 9639. 7854, 10.056 15.707 15.98? 5.750
205 0.10 1600, 0.33 1000. 3300. 45.16 9639. 3984, 11,845 39,841 16. 111 11.1335
204 1.00 1420. 0.33 1000. 3300. 45.16 9639, 14088, 11.230 14,083 15.799 3.205
203 0.50 1420. 0.33 1000. 3300. 45.16 9619, 8554, 11,456 17.107 15,982 5.279
202 0.10 m20. 0.33 1000. 3300. 45.16 9639. 4147, 13.4713 41.468 16,11 10.890
201 1.00 1300. 0.33 1000. 31300. 45,16 96139, 16867, 14,0089 16. 867 15.799 2.677
200 0.50 1300, 0.33 1000. 33o0. 45.16 9639, 99610. 14.270 19.921 15,942 4,534
199 0.10 1300. 0.33 1000. 3300. 45.16 9619. 4459, 16.596 44,591 16,131 10.127
198 1.00 1600, 0.25 1000. 3300. 45,16 9639. 16676. 13.8%7 16.676 15.902 2.708
197 0.50 1600, 0.25 1000. 3300. 45.16 9639, 9454 . 14.074 19,708 16.035 4,587
196 g.10 1600, 0.25 1000. 1300. 45.16 9639. 4418, 16.204 44,179 16,142 10.222
195 1.00 14209, 0.25 1000. 3300. 45,16 96139, 29493, 26,653 29.49) 15.902 1.531
194 0.50 1420, 0.25 1000, 3300, 45.16 9639, 16330, 27.028 32.660 16.015 2.765
193 0.10 1420, 0.25 1000. 3300. 45.16 9619, 58133. 30.3%8 58.333 16,142 7.741
191 0.50 1300. 0.25 1000. 3300. 45.16 96319, 191813, 32,733 38.365 16.0135 2.1354
163 0.10 1300. 0.25 500. 3300. 4y.46 96136. 8126, 36.617 B81.261 9.959 5.071
189 1.00 1600, 0.50 500. 31300, by, 47 9616, 18074, 12.984 18.074 8.7135 2,450
186 1.00 1420, 0.50 500. 33900, 4y.u7 96136, 210131, 15,940 21.0M1 8,739 2,114

J XION3Eddv
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Page 2, VJE Sort 071713776

DUAL MODE SHLID CORE NUCLEAR SPACE POWER/PROPULSION SYSTEM
RUROC3A, SPACE NUCLEAR SYSTEM PARRAMETER STUDY-VJIE SORT

ENG QE TSUBYN X oD TC | 4 VIE ZMTOT SPHGEN SPYNT SPTENG SPTMT
NO. MWE K NWT/B3 K KN M/s KG KG/KWE KG/KWE N/KG N/RG

183 1.00 1300, 0.5¢0 500. 3300, 44.47 9636. 25142, 20,051 25.142 R, 7138 1.769
165 1.00 1300. 0.25 500. 3300. 4y, 47 9616. 36820. 32.296 36.820 9.A31 1.209
180 1.00 1600. 0.33 500. 3300. 44,47 96136. 18405, 9.855 14,405 9,774 3.087
179 0.50 1600, 0.33 500. 3300. by .47 9636. 9532. 10.056 19.063 2.874 4,666
178 0.10 1600, 0.33 500. 3300. 4,47 9616, 5651, 11.845 56.514 9.956 7.869
1177 1.00 1420, 0.33 500, 3300, 44,47 9636. 15779. 11.230 15.779 9.774 2.81A8
176 0.50 1420. 0.33 500. 3300. 44,47 96136. 10232, 11.456 20.964 9.874 4,346
175 0.10 1420, 0.33 500. 3300. bu.u7 9616, 5814, 13.473 58,1041 93.956 7.F49
174 1.00 1300. 0.33 500. 3300. 4u. 47 9636. 18558, 14.008 18,548 9.774 2. 3946
173 0.50 1300. 0.33 500. 3300. 44,87 9636. 11639, 14,270 23.2M 9.374 3.821
172 0. 10 1300. 0.33 500. 3300. 44,47 9636. 6126, 16.596 61.265 9.956 7.259
171 1.00 1600. 0.25 500. 3300. uy, 47 9636. 18360. 13.837 18.360 9.831 2,422
170 0.50 1600. 0.25 500, 3300. uy,47 9€36. 11528, 14.076 23.057 9.903 3.857
169 0.10 1600. 0.25 500. 3300. 44,47 96136. 6084, 16.204 60,844 9.962 7.1309
168 1.00 1420. 0.25 500. 3300. ya.u7 9636. 377, 26.653 31.177 9.87%1 1.426
167 0.50 1420. 0.25 500, 3300. 44,47 9636. 18004. 27.028 36.008 9,903 2.470
166 0.10 1420. 0.25 500. 3300. uu,.47 96136. 7500, 10.358 74,998 9.962 5.930
164 0,50 1300. 0.25 500. 3300. 44.47 9636. 20857, 32.731 41,713 9.904 2,132
210 1.00 1300. 0.50 1000, 3300. uy, 35 9636. 23288, 20.051 23.288 13.701 1.904
209 0.50 1300. 0.50 1000. 3300. 4y,35 96136, 13199, 20.370 26,398 1.7 3.36A0
187 0.10 1600. 0.50 500. 3300, 44.29 96136. 6052. 15.270 60,522 9,788 7.318
184 0.10 1420, 0.50 500. 3300. 44,29 9636. 6388, 18.629 63.881 9,784 fe933
181 0.10 1300. 0.50 500. 3300. 44,29 9636. 6846. 23.2M11 68. U463 9,748 6.469
188 0.50 1600, 0.50 500. 3300. 4y,u9 9635. 11383, 13,215 22.766 9,314 3.909
185 0.50 1420, 0.50 500. 3300. 44.49 9635. 12882. 16.212 25.763 9.316 3.454
182 0.50 1300. 0,50 500. 3300. 44,49 3635. 14961, 20.370 29,922 9,316 2.974
136 0.10 1300. 0.25 1500, 3000. 47.78 9221, 5897, 36.617 58,969 21,374 8.102
152 0.50 1600. 0.33 1500. 3000. 47.78 9221. 7286. 10.056 14.572 21.158 £.5%7
150 1.00 1420. 0.33 1500. 3000. 47.78 9221, 11515, 11.230 13,515 20.910 3.515
148 0.10 1420, 0.33 1500. 3000, 47.78 9221. 358y, 13.473 35.841 21,1360 13.33%
1us 0.50 1300, 0.33 1500. 3a00. 47.78 9221, 93913, 1.270 18.786 21.158 5.086
144 1.00 1600. 0.25 1500. 3000. 47.748 9221. 16106, 13.8137 16.106 21.050 2.966
142 0.10 1600, 0.25 1500. 3000. 47.78 9221, 3856. 16.204 318.55% 21.376 12.392
140 0.50 1420, 0.25 1500. 3000, 47.78 9221. 157€4., 27.028 31.529 21,230 3.0
138 1.00 1300. 0.25 1500. 3000. 47.78 9221, 34566, 32.296 I4.566 21,050 1.382
153 1.00 1600, 0.33 1500. 3000, 47.78 9221, 12140, 9.855 12.140 20,910 3,934
151 0.10 1600, 0.33 1500, 3000, 47.78 9221, Ju21, 11.845 Iy, 213 21.360 13.965
149 0.50 1420, 0.33 1500. 31000. 47.78 9221, 7986. 11.456 15.973 21.154 5.982

147 1.00 1300. 0.33 1500. 3000. 47.78 9221. 16293. 14,008 16.291 20,910 2.9132



£-0

BNG
NO.

145
13
1419
139
137
109
126
125
124
123
122
121
120
119
118
17
116
115
114
113
112
11
110

82

99
98
97
96
95
94
93
92
91
90
89
88
87
86

0B
BWE

0.10
0.50
1.00
0.10
0.50
0.10
1.00
0.50
0.10
1.00
0.50
0.10
1.00
0.50
0.10
1.00
0.50
0.10
1.00
0.50
0.10
1.00
0.50
0.10
1.00
1.00
0.50
0.10
1.00
0.50
g.10
1.00
0.50
0.10
1.00
0.50
0.10
1.00
0.50

TSUBNA

1300.
1600,
1420.
1420,
1300.
1300.
1600.
1600,
1600.
1420,
1420,
1420.
1300.
1300.
1300.
1600.
1600.
1600.
1420.
1420,
1420.
1300.
1300.
1300.
1300.
1600,
1600,
1600.
1“20.
1420.
tu20.
1300.
1300.
1300.
1600.
1600.
1600.
1420.
1420.

Page 3, VJE Sort
DUAL MODZ SOLID CORE NUCLEAR SPACE POWPR/PROPULSION SYSTEM

NURDC3A,
1 QD

HUT /83
0.33  1500.
0.25 1500,
0.25  1500.
0.25 1500,
0.25  1500.
0.25 1000,
0.33 1000,
0.33 1000,
0.33 1000,
0.33  1000.
0.33  1000.
0.33 1000,
0.33 1000,
0.33 1000,
0.33 1000,
0.25  1000.
0.25 1000.
0.25  1000.
0.25  1000.
0.25 1000,
0.25 1000,
0.25  1000.
0.25 1000.
0.25 500.
0.25 500.
0.33 500,
0.33 500.
0.33 500,
0.33 500.
0.33 500.
0.33 500.
0.33 500,
0.33 500.
0.33 500.
0.25 500.
0.25 500,
0.25 500.
0.25 500,
0.25 500.

TC
K

3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3o00.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.

| 4
KN

47.78
47.78
47.78
47.78
47.78
47.62
47.63
47.63
47.63
47.63
47.63
47.63
47.63
47.63
47.63
47.63
47.63
47.63
47.63
47,63
47.63
47.63
47.63
47.26
47.26
47.26
47.26
47,26
47.26
47.26
47,26
47.26
47.26
47.26
47.26
47.26
47.26
u47.26
47.26

Vie
n/s

9221,
9221.
9221.
9221,
9221.
3221,
9221.
9221.
9221,
9221,
9221.
9221,
9221.
9221.
9221,
9221.
9221,
9221,
9221.
9221.
9221.
9221.
9221,
9220.
9219,
9219.
9219,
9219.
9219.
9219.
9219.
9219.
9219.
9219,
9219.
9219,
9219,
9219,
9219,

IZMTOT
KG

3896,
9288,
2R9213,
S271.
18617,
AURS,
12739.
7879,
4009.
18113,
RS79,
4172,
16892.
9986.
4485,
16702.
9879.
bua3,
29519,
16355.
5859.
35161.
19208.
8154,
368u8.
14433,
9560.
5679.
15807.
10260.
58u2,
18586,
11666.
6154,
18388,
115%6.
6112,
31205.
18032,

nN1/713/76

SPACYE NUCLEAR SYSTEM PARAMETER STUDY-VJE SORT

SPAGEN
KG/KWE

16.596
14,076
26 €53
30.358
32.733
36.617
9,.A55
10.056
11.845
11.230
11.456
13.u473
14,008
14.270
16.596
13.837
14.076
16.204
26.653
27.028
30. 358
32.296
32.733
36.617
32.296
9.855
10.056
11.845
11.230
11.u56
13.473
14,008
14.270
16.5964
13.8137
14,076
16.204
26.65)
27.028

SPMNT
KG/KVWE

18.964
18.577
28.923
$2.709
37.2%4
64.8u9
12.739
15.758
40.095
14,113
17.158
41.72?2
16.R92
19.972
44, 845
16.702
19.759
Uy.u33
29.519
32.711
58.587
35.161
3f. 416
81,540
J6.848
14.433
19. 119
56.704
15.807
20.519
S8.u21
18.586
23.31%3
61,545
18,388
23,112
61.124
31.205
36.064

SPTENG
N/KG

21.360
21.230
21,050
21,375
21.230
16.868
16.516
16.705
16.860
16.51F
16.705
16.8€0
16.516
16.705
16. 860
16.623
16,760
16.872
16,621
16.760
16.872
16,623
16.761
10.519
10, 344y
10,325
10.430
10.515
10.325
10,430
10.515
10. 325
10.430
10.515
10, 384
10.460
10.522
10. 384
10. 460

SPTHT
N/KG

12.26°
S5.144
1.652
9.0f8
2.566
7,344
3.739
heOU5
11.4979
3.775
5.551
11,4815
2.819
4,769
10.620
2.852
4,821
10.719
1.613
2.912
A.129
1.1355%
2,480
5.795
1.281
3.275
4.9un
8,322
2.990
4,607
8,090
2.543
4.051
7.679
2.570
4,090
7.732
1.515
2.6721




-3

ENG
NO.

8S

105
104
102
101
103
100
55
28
62
59
56

58

uy
a1
38
45
42
39
18
17
16
15
14
13
12
"
63
60
57
36
35
k] ]
R R
32
31

QB
MWE

0.10
0.50
1.00
0.50
1.00
0.50
0.10
0.10
0.10
0.10
0.50
0.50
0.50
0.10
0.10
0.50
0.50
0.50
0.50
1.00
1.00
1.00
1.00
0.50
0.10
1.00
0.50
0.10
1.00
0.50
1.00
1.00
1.00
1.00
0.50
0.10
1.00
0.50
0.10

TS7BN

1420,
1300,
1420,
1420.
1300,
1300.
1420.
1300.
1300.
1300.
1600,
1420,
1300.
1600.
1420,
1300.
1600,
14240.
1300.
1600.
1420.
11300.
1600.
1600,
1600.
1420,
1“20.
1420,
1300.
1300.
1600.
1420,
1300.
1600.
1600,
1600,
1420,
1420.
1420.

Page 4, VJE Sort
DUAL MODRB SOLID CORE NUCLEAR SPACE POWER/PRNOPULSION SYSTEM

NURNC3A,
X 0o

MWT /N3
0.25 500,
0.25 500.
0.50 500.
0.50 500.
0.50 500.
0.50 500,
0.50 500.
0.50 500,
0.25 1500,
0.25 1000.
0.25 1500.
0.25 1500,
0.25 1500.
0.25 1500.
0.25 1500,
0.25 500.
0.33 1000.
0.33 1000,
0.33 1000,
0.33 1000.
0.33 1000,
0.33 1000,
0.33 500.
0.33 500,
0.33 500,
0.33 500.
0.33 500,
0.33 500,
0.33 500.
0.33 500.
0.25 1500.
0.25 1500,
0.25 1500.
0.25 1000,
0.25 1000,
0.25 1000,
0.25 1000.
0.25 1000.
0.25 1000,

TC
K

3000.
3000.
3000.
3000.
3000.
3000.
3000.
3000.
2700.
2700,
2700,
2700.
2700.
2700.
2700.
2700.
2700,
2700.
2700,
2700.
2700.
2700.
2700,
2700.
2700.
2700.
2700.
2700.
2700.
2700.
2700.
2700.
2700.
2700.
2700.
2700,
2700.
2700.
2700.

F

VJE
N/S

9219,
9219.
9217.
9217.
9217.
9217.
9216.
9216.
3776.
8776.
8776,
8776,
8776.
8776.
B776.,
8776.
8776.
8776.
8776.
8776.
8776.
87176.
8776.
8776,
8776,
8776.
8776,
8776.
8776.
R776.
A776.
8776,
87176,
B776.
8776,
8776,
8776,
8776.
8776.

ZMTOT
KG

7528.
20985.
21052.
12904,
25163.
149813,

6409,

6867.

59.28.

6516,

9319.
15795.
18647,

3886.

5302,
20920,

7911,

8611,
10017,
12770.
141485,
16924,
10467,

9594,

5714,
15842,
10294,

5877.
18620.
11701,
16137,
28954,
34597,
16733,

9911.

4475,
29550,
16387,

5890.

07/13/70

SPACE NUCLEAR SYSTEM PARAMETER SIUDY-VJE SORT

SPMGEN
KG/KWFE

10.358
32.733
15,940
16.212
20,051
20.370
18.629
23.211
36.617
36.617
14.076
27.029
32.733
16.204
30,358
32,733
10.056
11.456
14.270

9.85%5
11.230
14,008

9.855
10.056
11.845
11.230
11,456
13.473
14.008
14.270
13.837
26.69)
32.296
13.8137
14,076
16.204
26.65)
27.02nR
30.1354

SPMNT
KG/KWE

75.278
41.769
21.052
25.808
25.163
29.967
64,093
£8.675
59.27%
65.164
10.63A8
31.590
37.295
31.862
53.015
41.839
15.821
17.221
20.035
12.770
14. 145
16.924
14,467
19. 188
57.138
15.842
20.588
58.766
18.620
23.402
16.137
28,954
3,597
16.733
19.822
44,750
29.550
32.774
58.903

SPTEMG
N/KG

10.522
10.460
9.0AR
9.6A2
9.068
9.662
10. 158
10.158
22.283
17.68%
22.134
22.134
22.134
22.284
22,284
11.086
17.499
17.499
17.499
17.302
17.302
17.302
10.922
11.033
11.122
10,922
11.033
11,122
10.922
11.033
21,964
21,960
21.961%
17.430
17.572
17.687
17.830
17.572
17.687

SPTMT
N/KG

6.278
2.263
2,202
3.593
1.842
1.094
7.205
6725
8.518
7.748
5.419
3. 197
2.708
12.992
9.524
2.413
6.37A
5. 858
5.015
3.950
3.566
2,980
3.u82
954251
8.816
3. 180
4,894
8.572
2.705
4,305
3. 131
1.745
1.460
3.017
5.094
11.283
1.709
3.081
8.572

v

o

——
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§-0

ENG
NO.

(4]
MWE

1.00
00 50
0.10
1.00
0.50
0.10
1.00
0.50
0.10
1.00
0.10
0.10
0.10
1.00
0.50
1.00
0.50
1.00
0.50
0.10
0.10
0.10
0.10
1.00
0.50

TSOBN

1300.
1300.
1300,
1600.
1600.
1600,
1420.
1420.
1420,
1300.
1600,
1420.
1300.
1600,
1600.
1420.
1420.
1300.
1300.
1600.
1420.
1300.
1300,
1300.
1300.

Page 5, VIR Sort

DUAL MODE SOLID CORE NUCIEAR SPACE POWER/PROPULSTON SYSTEM

NURODC3A, SPACE

X

0.25
0.25
0.33
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.25
0.50
0.50

0D
RYT /N3

1000.
1000.
500.
500.
500.
500.
500.

07/13/7%

NUCLEAR SYSTEM PARAMETER STUDY-VJE SORT

TC
K

2700.
2700.
2700.
2700.
2700.
2700.
2700.
2700,
2700.
2700.
2700.
2700,
2700.
2700.
2700.
2700,
2700.
2700.
2700.
2700.
2700.
2700.
2700.
2700.
2700.

4
KN

50.49
50,49
50. 38
50.u8
50.u48
50.48
50. 48
50.48
50,48
50.48
50.39
50.39
50.39
50.40
50.40
50.40
50.40
50.40
50.40
50. 36
50. 136
50. 36
50.50
48.59
48.59

ViE
M/s

8776.
8776,
B776.
8776,
8776,
8776.
B776.
8776.
8776.
8776.
8776.
8776,
8776.
8776.
8776.
8776.
8776.
8776.
8776,
8776.
8776.
8776.
3775,
8771,
8771.

mToT
KG

35193,
19240,
6189.
18423,
11591,
6147,
31240,
18067.
71562,
36882,
4041,
4203.
us16.,
12170.
7316.
13544,
8016.
163213,
9423.
3us1,
3614,
3926.
8187,
25190,
15010,

SPMNGEN
KG/KWE

32.294
12.713
16.596
11.8137
14.076
16,204
26.653
27.029
30.358
32.296
11.845
13.u73
16.596

9.855
10.056
11.230
11.456
14,008
14.270
11.845
13.473
16.596
36.617
20.051
20.370

seunt
KG/KWE

35.193
38,479
61,889
18,423
23.182
61,471
11,240
16. 134
75.625
16.882
40.406
42,033
45.156
12.170
14.632
13.5u4
16.032
16,323
18.0u46
34,510
36.137
39.260
81.871
25.190
30.020

SPTENG
N/KG

17.830
17.572
11.123
11.007
11.087
11.151
11.007
11.087
11.151
11.007
17.645
17.645%
17.645
21.771
22.026
21.771
22.026
21,7171
22.026
22.222
22,222
22,722
11.160

9.u45%
10.070

SPTMT
N/KG

1.435
2,624
B.140
2.740
4,355
8.212
1.616
2.794
6,675
1.3A9
12,472
11.989
11,160
u,141
A.ARA
1,721
6.287
3.087
5,348
14,59
13.937
12.828
6.169
1.929
3.237

-
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9-2

ENG
NO.

232
151

70
229
148

67
223
142
226

61
145

205
124

43
202
121

40
196
115
199

118
317
220
139
58
178

16
175
193

94
112
217

13

31
136

55

QB
MWE

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0. 10
0.10
0.10
0.10
.10
0.10
e.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

TSUBY

1600.
1600.
1600,
1420,
1420,
1420,
1600,
1600.
1300,
1600.
1300,
113100,
1600.
1600.
1600,
1420.
20,
1420,
1600.
1600.
1300.
1600.
1300,
1300.
1420.
1420,
1420,
1600.
1600,
1600.
1420.
1420.
1420.
1420.
1300.
14 20.
1420.
1300.
1300.

Page 1, ZMTOT Sort

DUAL HODE SOLID CORE RUCLEAR SPACE POWPR/PROPNLSION

07/13/76

NUROC3A, SPACE NUCLEAR SYSTRM PARAMETER STUDY-ZMTOT SORT

X

0.33
0.33
0.33
0.33
0.33
0.33
0.25
0.25
0.33
0.25
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.25
0.25
0.33
0.25
0.33
0.33
0.25
0.25
0.25
0.33
0.33
0.33
0.33
0.25
0.33
0.25
0.25
0.33
0.25
0.25
0.25

QD
MWT /43

1500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1500.
1500,
1500,
1000.
1000.
1000,
1000.
1000.
1000.
1000,
1000,
1000.
1000.
1000.
1000.
1500,
1500.
1500.

500.

500.

500.

500‘
1000,

500.
1000,
1500.

500.
1000.
1500.
1500.

TC
K

3300.
3000.
2700.
3300.
3000.
2700.
3300.
3000.
3300.
2700.
3000.
2700.
3300.
3000.
2700.
3300.
3000.
2700,
3300.
3000.
3300.
2700.
3000.
2700.
3300.
3000.
2700.
3300.
3000.
2700,
3300.
3300.
3000.
3000.
3300.
2700.
2700.
3000.
2700.

P
KN

45.42
47.78
50, 36
45,42
47.78
50. 36
45,42
47.78
45,42
50.49
47.78
50. 36
45,16
47.63
50.39
45.16
47.63
50.39
45,16
47.63
45,16
50.49
47.63
50.139
45,42
47.78
50.49
by, 47
47.26
50. 38
44 .47
45.16
47.26
47.63
45,41
50.138
50.49
u7.78
50,49

VIE
M/S

9640.
9221,
8776,
9640,
9221.
877s6.
9640,
9221,
9640,
8776,
9221.
8776,
9639,
9221.
8776.
9619,
9221,
8776.
9639.
9221,
96139,
8776.
9221,
8776.
9640,
9221,
8776.
2636.
9219.
8776,
9636,
9639.
9219,
9221,
9¢eu0,
B776.
8776.
9221.
8776,

ZATOT
KG

3397.
3421,
3451,
3559,
3584,
3614,
3431,
3856.
3B72.
38B6,
3896.
3926.
3oB4,
4009,
sont.,
4147,
U172,
4203.
4418,
4443,
4459,
ay7s.
448s.
4516.
5246,
5271.
5302.
5651.
5679.
5714,
5814,
5831.
5842,
5859.
5872.
5877.
5890.
5897.
5928,

SPMGEN
KG/KWE

11.845
11.845
11.845
13.473
13.473
13.4713
16.20u
16.204
16.596
16. 204
16.596
16.596
11. 845
11.845
11.845
13.471
13.473
13.473
16,200
16.204
16.596
16.204
16.596
16.596
30.3%8
30,358
30,1358
11.845
11.845
11.845
13,473
310. 358
13. 473
10,358
6.617
13.473
30.358
36.617
IF. 617

SYSTEM

SPHuMT
KG/KWE

33.967
34,211
34,510
35.594
15.841
36.137
38,309
38,555
18.717
38. 862
38,96u
39.260
39,841
40.095
40,006
41.468
41,722
42.033
44,179
4y, 433
44,591
44,750
uy.8us5
45,156
52.462
52,709
53.015
56.514
56.7%4
57.138
58,141
58.313
58,421
58,587
58,723
58.766
58.903
58,969
59.275

SPTENG
N/KG

20.530
21.360
22.222
20.530
21,360
22.222
20,546
21.376
20,530
22,284
21.360
22.227
16.131
16.9860
17.645
16.131
16. 860
17.645
16. 142
16.8372
16.131
17.687
16.860
17.645
20,548
21.376
22.284
9.956
10.515
11.122
9.956
16.102
10.%15
16,872
20.543
11.122
17.687
21.37u
22.282

SPTMT
N/KG

13.370
11.965
14,594
12,759
13,11
13.9137
11.85%
12.392
11.730
12.992
12,262
12.824
11,335
11.879
12.472
10.890
11,815
11,989
10.222
10,719
10.127
11.283
10.620
11.160
A.657
9,064
9,524
7.869
8.322
8,R16
7.649
7.741
8.090
8.129
7.733
8.572
4,572
8.102
3.518




L-D

ENG
NO.

187
169

88
172

91
10
184
103
190
109

181
100
233
152

71
166

85

206
125
uy
230
149
68
163
82

203
122

41
224
143

62
227
146

179

QE
MWE

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.50
0.50
0.50
0.10
0.10
0.10
0.50
0.50
0.50
0.50
0.50
0.50
0.10
0.10
0.10
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50

TSUBN
K

1600.
1600,
1600.
1300.
1600.
1300.
1300.
1420,
1420.
1300.
1300.
1300.
1300.
1300,
1600.
1600,
1600.
1420,
1420.
1420,
1600.
1600.
1600.
1420.
1420.
1420.
1300.
1300.
1300.
1420.
1420,
1420,
1600,
1600.
1600.
1300.
1300,
1300.
1600.

Page 2, ZMTOT Sort

DUAL MODE SYLID CORE NUCI EAR SPACE POWEI/PRIPULSTON SYSTFEM
NUROC3A, SPACE NNCLEAR SYSTEM PARAMRTER SIUDY-ZMTOT <ORT

X

0.50
Q.25
0.25
0.33
0.25
0.33
0.33
0.50
0.50
0.25
0.25
0.25
0.50
0.50
0.33
0.33
0.33
0.25
0.25
0.25
0.33
0.33
0.33
0.33
0.33
0.33
0.25
0.25
0.25
0.33
0.33
0.33
0.25
0.25
0.25
0.33
0.33
0.33
0.33

Qb
MWT /M3

500.
500.
500.
500.
500.
500.
500.
500.
500.
1000,
1000.
1000,
500.
500.
1500.
1500.
1500.
500.
500.
500.
1000.
1000,
1000.
1500,
1500,
1500.
500.
500.
500.
1000.
1000.
1000.
1500.
1500.
1500,
1500.
1500.
1500.
500.

TC
X

3300.
3300.
3000,
3300.
2700.
3000.
2700.
3300.
3000.
31300.
3000.
2700,
31300,
3000,
3300.
3000.
2700.
3300.
3000.
2700.
3300.
3000.
2700.
33100.
3000.
2700,
3300.
3000.
2700.
J300.
3000.
2700,
3300.
3000.
2700.
3300.
3000.
2700.
3300,

P
KN

44.29
ny. 47
47.26
uy.47
50, 48
47.26
50.38
4y, 29
46.18
45.15
47.62
50.49
44,29
u6.18
us5.42
u7.78
50,40
Ha, 47
47,26
50.48
45.16
47.63
50,44
45,42
47.78
50.40
4,46
47.26
50.50
45.16
47.63
50.44
45.42
47.78
50.49
45,42
47.78
50,40
qu,.47

VJIF
n/s

961316,
96136.
2219,
9636.
8776.
9219.
8776.
96136,
2216.
9639.
9221.
8776.
9676.
9214,
96u0.
9221.
8776.
q6}6.
9219,
8776.
96139,
9221.
8776.
9640,
a221.
8776,
9616,
9220.
8775,
9639.
9221.
8776.
9640,
9221.
8776.
3640.
9221.
8776,
9636,

ZMIOT
KG

6052,
6084,
6112,
126,
6147,
6154,
6189,
6388,
6409,
6459,
6485,
6516,
6846,
6867,
7262,
7286,
7316,
7500,
7528.
7562.
7854,
7879.
7911.
7962.
7386.
RU16.
8126,
8154,
B187.
ASS5y,
8579,
R611.,
9264,
9288,
9319,
9368,
9393,
9u23,
9532.

07/13/76

SPMGEN
KG/Kun

15.270
16.204
16.204
16.59%
16.204
16.596
16.596
18,629
1R.629
16.617
36.617
36.617
23.211
23.211
10,056
10,056
10.056
30,358
30.358
30.358
10.056
10.056
10.056
11.485K
11,456
11.4%a
36.617
36.617
WHR.617
11.456
11. 856
11.456
14,076
14,076
m.076
14,270
14,270
14,270
10.056

SPMMT
KG/KWF

60,522
Q. 8ul
61.124
61,265
61.471
61,5085
61.8R9
63.9881
64,003
64, 594
64,849
65. 164
68.463
AB.675
14,523
18.572
14.632
74,998
75.278
75.625
15,707
15.758
15.821
15.923
16,973
16,032
81,261
81.540
81.A71
17.107
17.158
17.2214
18.527
18.577
18.638
18.737
18.78¢
18.846
19.0063

SPTENG
N/KG

9,788
9,962
10.522
Q. qu
11.151
10.515
11,123
9.788
10,158
16,140
16.868
17.685
9.788
10,158
20. 314
21,158
22.026
9.962
10.522
11.151
15.947
16,705
17.499
20.33%4
21.1519
22.024
9.959
10.519
11,160
15.982
16.705
17.499
20,404
21,230
22,134
20,334
21,158
22.026
9.874

5pTMT
N/Ka

7.318
7.1309
7.732
7.259
A.212
7.679
2,140
£.933
7.205
6.990
7. 344
7.74R
f.069
6.725
5.254
6.557
6.488
5.930
6.278
6,675
5.750
6.005
6.376
5.704
5,982
6.287
5.471
5.795
. 169
5.279
5.551
5.858
4,902
5,144
5.418
n,8u8
5,0R6
5,348
B,.6h6



8-0

01/13/76
Page 3 ZMTOT Sort
DUAL HMODE SOLID CORE NUCLEAR SPACE POMEER/PROPULSTION SYSTEN
NUROC3A, SPACE NUCLEAR SYSTEM PARAMETER STHDY-ZMTO[f SORT

BRG OE TSUBM X oD TC P VIE ZMTOT SPMGEN SPHNT SPTERG SPTHT
NO. MVE K MET /N3 K KN M/8 KG KG/KWE KG/KWE N/KG N/KG
98 0.50 1600, 0.33 500. 3000. 47.26 9219, 9560. 10.056 19.119 10. 430 4,944
17 0.50 1600. 0.33 500. 2700. 50.138 BI76. 9594, 10.056 19.188 11.033 5.251
197 0.50 1600. 0.25 1000. 3300. 45.16 9619, 3854, 14.076 19.708 16.035 4.583
116 0.50 1600, 0.25 1000. 3000. 47.63 9221, 9879, 14,076 19.759 16,760 4,821
35 0.50 1600. 0.25 1000. 2700. 50.49 8776, 9911. 14.076 19.A22 17.572 5.094
200 0.50 1300, 0.33 1000. 3300. 45.16 9639. 9960, 14.270 19,921 15.982 4.534
119 0.50 1300. 0.33 1000. 3000. 47.63 9221, 9986. 14,270 19.972 16.705 4.769
38 0.50 1300. 0.33 1000. 2700. 50.u44 8776. 10017, 14.270 20,035 17.499 5.035
176 0.50 1420. 0.33 500. 3300. 4y 47 9636. 10232. 11.456 20. 464 9.874 4.3k
95 0.50 1420, 0.33 500. 3000. 47.26 9219, 10260, 11.456 20.519 10.430 4,607
L] 0.50 1420. 0.3) 500. 2700. 50.38 87176. 10294, 11. 456 20,588 11.033 W, R34
188 0.50 1600. 0.50 500. 3300. by, u9 9635, 11383, 13.215 22.766 9.316 3.908
170 0.50 1600. 0.25 500. 3300. 44 .47 9616, 11528, 14.076 23.057 9.903 3.857
89 0.50 1600. 0.25 500. 3o000. 47.26 9219. 11556, 14.076 23.112 10.460 4,090
8 0.50 1600, 0.25 500. 2700. 50.48 8776. 11591, 14.076 23.182 11.087 4,355
173 0.50 1300. 0.33 500. 3300. 44,47 963h, 11639. 14.270 23,277 9.874 1,821
92 0.50 1300. 0.33 500. 3000. u47.26 9219. 11666, 14,270 23.1333 10.430 4,051
11 0.50 1300. 0.33 500. 2700. 50. 38 8776. 11701, 14.270 23,402 11.033 4,305
234 1.00 1600. 0.33 1500. 3300. 45,42 9640, 12115, 9.855 12.115 20.093 3.749
153 1.00 1600. 0.33 1500. 3000. 47.78 9221, 12140, 9.855 12,140 20.910 3.93A
72 1.00 1600. 0.33 1500. 2700, 50.40 8776. 12170. 9.855 12. 170 21.771 8,141
207 1.00 1600. 0.33 1000. 3300. 45,16 96139, 12713, 3.855 12.713 15.79¢9 3.55H2
126 1.00 1600. 0.33 1000. 3000. 47.63 9221. 12739. 9.855 12.739 16.516 1.739
45 1.00 1600. 0.33 1000. 2700, 50.u4 8776. 12770. 9,855 12.770 17.302 1.950
185 0.50 1420, 0.50 500. 3300. 44,49 96135. 12882, 16.212 25.763 9,316 3.454
108 0.50 1420. 0.50 500. 3000. 46.36 92117. 12904, 16.212 25,808 9.662 31,591
209 0.50 1300. 0.50 1000. 3300. by, 35 9636. 13199. 20.370 26,398 tH.714 3.360
231 1.00 1420. 0.33 1500. 3300. 45,42 9640. 13490. 11.230 13,490 20.093 3.367
150 1.00 1420. 0.33 1500, 3000. 47,78 9221. 13515, 11.230 13.515 20.910 3.935
69 1.00 1420. 0.33 1500. 2700, 50.40 8776. 13544, 11.230 13.544 2t.77N11 3. 721
204 1.00 1u420. 0.33 1000. 3300. 45.16 9619, 14088, 11.230 14,088 15.799 3. 205
123 1.00 1420. 0.33 1000. 3000. 47.63 9221. 14113, 11.230 14,113 16.516 3.375
42 1.00 1u20. 0.33 1000. 2700. 50.44 8776. 14145, 11.230 14. 145 17.302 3.566
180 1.00 1600. 0.33 500. 3300. 44,47 96136, 14405, 9,855 14.005 9.774 3.087
99 1.00 1600. 0.33 500. 3000. 47.26 9219. 14433, 9.855 14,433 10.325 3.27s
18 1.00 1600. 0.33 500. 2700. 50.38 B8776. 14467, 9.855 14,467 10.922 3.4A2
182 0.50 1300. 0.50 500. 3300. 44,49 96135. 14961, 20.370 29,922 9.316 2,974
101 0.50 1300. 0.50 500. 3000. 16.36 a2117. 14983, 20.370 29.967 9.662 3,004

20 0.50 1300. 0.50 500. 2700. 48.59 8771, 15010. 20.370 30.020 10.070 3,237




6-0
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DUAL MJIDE SOLTD CORE NUCLEAR SPACE POWER/PROPULISIDN SYSTEM
NUROC3A, SPACE NUCLEAR SYSTEM PARAMETER STUDY-ZMTOT SORT

ENG QFE TSUBY X QD TC F VIE ZNTOT SPMGEN SPMNT SPTENG SPTMT
NO. MWE K MWT /M3 K KN M/S KG KG/KWE KG/KWE N/KA N/RG
221 0.50 1420, 0.25 1500, 31300. 45,42 9640, 15740, 27.028 31.479 20,408 2.R85
140 0.50 1420, 0.25 1500. 3000. 47.74 9221. 15764. 27,028 31.529 21.230 J.odn
177 1.00 1420. 0.33 500, 31300. 44,47 9636. 15779. 11.230 15.779 9.774 2,818
59 0.50 1420, 0.25 1500. 2700. 50.49 8776. 15795, 27.028 31.590 22.134 3.197
96 1.00 1420. 0.33 500. 3000. 47,26 9219, 15807. 11.230 15.807 10. 325 2.990
15 1.00 1420. 0.31 500. 2700, 50.38 8776, 15842, 11.2130 15. 842 10.922 3.180
225 1.00 1600. 0.25 1500. 3300. 45,42 9640. 16082. 13.81%7 16.0Aa2 20.229 2.824
144 1.00 1600. 0.25 1500. 3000. 47.78 3221. 16106, 13.837 16.106 21.050 2.966
63 1.00 1600. 0.25 1500. 2700. 50.52 8776. 16137, 13.837 16. 137 21.964 3.3
228 1.00 1300. 0.33 1500, 3300. 45,42 964 0. 16269. 14.008 16.269 20.093 2,792
147 1.00 1300. 0.33 1500, 3000, 47.78 9221. 16293, 14,008 16.293 20.910 2.932
66 1.00 1300. 0.33 1500, 2700. 50.40 8776, 16323, 14.008 16.321 21.77 1,087
194 0.50 1420. 0.25 1000. 3300, 45.16 9639. 16330. 27.02A 32.660 16,035 2.765
113 0.50 1420, 0.25 1000, 3000, 47.63 9221. 16355, 27.028 32.71 16.760 2,912
32 0.50 1420, 0.25 1000. 2700. 50.49 8776. 16387. 27.028 32,774 17.572 3.081
198 1.00 1600, 0.25 1000. 3300. 45,16 96139. 16676, 13.8137 16,676 15.902 2.708
17 1.00 1600. 0.25 1000. 3o00. 47.63 9221. 16702. 13.837 16.702 16.623 2.R52
36 1.00 1600. 0.25 1000. 2700, 50.49 8776, 16733. 13.8137 16.733 17.430 3.on7
201 1.00 1300. 0.33 1000. 3300. 45.16 9639, 16867. 1.008 16.867 15.799 2,r77
120 1.00 1300. 0.33 1000. 3000. 47.63 9221. 16892, 14,008 16.892 16.516 2.819
39 1.00 1300. 0.33 1000. 2700, 50,44 8776. 16924, 14.008 16.924 17.302 2.9R0
167 0.50 1420. 0.25 500. 3300. uy,47 96 36, 18004. 27.029 16. 008 9.903 2.470
86 0.50 1420. 0.25 500. 3000. 47.26 9219, 18032, 27.028 36. 064 10.460 2,621
5 0.50 1420, 0.25 500. 2700, 50.48 8776. 18067. 27.028 36.134 11.087 2.794
189 1.00 1600. 0.50 500. 31300. 44,47 96136. 18074. 12.984 18.074 8,715 2.460
171 1.00 1600. 0.25 500, 3300, 4u,.47 9636. 18360. 13.8137 18,360 9.831 2,422
90 1.00 1600. 0.25 500. 3000. 47.26 9219, 18388, 13.837 18. 388 10.388 2.5790
9 1.00 1600. 0.25 500. 2700. 50.48 8776, 18423, 11,837 18.4213 11.007 2.740
174 1.00 1300. 0.33 500. 3300. 44,47 96136. 18558, 14.008 18.558 9.774 2.6
93 1.00 1300. 0.33 500. 3000. 47.26 9219. 18586. 14,008 18.586 10.325 2.543
218 0.580 1300. 0,25 1500. 3300. 45.42 96u0. 18592. 12.733 17.184 20. 404 2,441
137 0.50 1300. 0.25 1500. 3000. 47.78 9221. 18617, 32,733 37.234 21.230 2.566
12 1.00 1300. 0.33 500. 2700. 50. 38 8776. 186 20. 14.008 18.620 10.922 2,705
56 0.50 1300. 0.25 1500. 2700. 50.49 8776. 18647, 32.733 37.295 22.134 2,708
191 0.50 1300, 0.25 1000, 3100, 45.16 9639. 19183, 32,733 38,365 16,0135 2,354
110 0.50 1300. 0.25 1000. 3000. 47.63 9221, 19204, 32.733 18.416 16.761 2,480
29 0.50 1300. 0.25 1000. 2700. 50.49 8776. 192u0,. 32.733 38.479 17.572 2.624
164 0.50 1300. 0.25 500. 3300. 44.47 96 36. 20857. 32.733 81.713 9.90u 2.132

83 0.50 1300. 0.25 500. 3000. 47.26 3219. 20885, 32.733 41,769 10,460 2.263




01-0

ENG
N0,

186
105
210
183
102

21
222
1

60
195
114

168
87

219
138

192
111

30
165

TSUBM
K

1300,
1420.
1420,
1300,
1300,
1300.
1300.
1420.
1420.
1420.
1420.
1420,
16420,
1420.
1420,
1420.
1300.
1300.
1300.
1300.
1300.
1300,
1300.
1300.
1300,

Page 5, ZMTOT Sort

DUAL MODB SOLID CNRE NUCLEAR SPACE POWELR/PROPULSTIN SYSTEM
SPACE NUCLEARR SYSTEM PARAMERTER STUDY-ZMTOT SORT

NUROCJ3A,
X 0D

MWT /M)
0.25 500,
0.50 500.
0.50 500.
0.50 1000.
0.50 500.
0.50 500.
0.50 500.
0.25 1500.
0.25 1500,
0.25 1500,
0.25 1000.
0.25 1000,
0.25 1000.
0.25 500.
0.25 500.
0.25 500.
0.25 1500.
0.25 1500.
0.25 1500.
0.25 1000.
0.25 1000.
0.25 1000.
0.25 500,
0.25 500.
0.25 500.

TC
K

2700.
3300.
3000.
3300.
31300.
3000,
2700.
3300.
3000.
2700.
3300.
3000.
2700.
3300.
3000.
2700.
3300.
3000,
2700,
3300.
3000.
2700,
3300.
3000.
2700,

P
KN

50.48
ug. 47
46,36
44,35
ha. 47
46,36
48.59
45,42
47.78
50.52
45.16
47.63
50.49
uyg,. a7
47,26
50, 48
45,42
47.78
50.52
45.16
47.63
50.49
4u. 47
47.26
50.48

vie
M/S

A776.
9636.
9217.
36136.
96136.
2217,
8771,
9640,
3221,
8776.
9639,
9221.
8776.
36136,
9219,
8776.
9640.
9221.
8776.
96139.
9221,
8776.
96136.
9219,
8776.

ZNTOT
KG

20920.
21031,
21052,
23288.
25142,
251613,
25190.
284898,
28923,
28954,
29493,
29519.
29550,
31177.
31205,
31240,
3us541.
34566.
34597,
35136,
35161,
35193,
36820.
36848,
3qB82,

071 /13 /7%

SPMGEN
KG/KWE

32.713
15.940
15.940
20.051
20.051
20.051
20.051
26.653
26,653
26,653
26.b53
26.65)
26.653
26.653
26,653
26.651
32.296
32.296
32.296
32,296
12,294
12,296
32.29s
32.296
32,296

SPMNT
KG/KWE

41,839
21. 031
21,052
23.288
25.142
25.163
25,190
28.8918
28,923
28.954
29,493
29.518
29.550
31,177
31,205
31,240
34,541
34.566
314,597
35,136
35.1¢61
35.193
36.820
36.848
36.882

SPTENG
N/KG

11.086
R.735
9.068

13.701
8.735
9.068
9,455

20,229

21.050

21.964

15.90?

16.623

17.430
9.8

10.384

11.007

20.229

21.050

21.964

15,902

1F.623

17.430
9.8

10. 384

11.007

SP™MT
R/KG

2.413
2.1
2,202
1.904
1.769
1.842
1.979
1.572
1.652
1.745
1.531
1.613
1.709
1.426
1.515%
1.616
1. 315
1.382
1.460
1.285
1. 355
1.435%
1.208
1.283
1.369



11-0

ENG
NO.

234
153
72
207
126
45
231
150
69
204
123
42
180
99
18
233
152

206
125
177
96
uy
15
230
149

225
144
63
228
147
66
198
m
36
201
120
39

QE
MWE

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.50
0.50
0.50
0.50
0.50
1. 00
1.00
0.50
1.00
0.50
0.50
0.50
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

TSUBN

1600.
1600.
1600,
1600.
1600.
1600,
1420.
1420.
1420,
1420.
1420,
1420,
1600.
1600,
1600,
1600.
1600,
1600.
1600,
1600,
1420.
1420,
1600,
1420.
14620.
1420,
1420,
1600,
1600,
1600.
1300.
1300.
1300,
1600.
1600.
1600,
1300.
1300.
1300.

Page 1, SPMMT Sort 07/13/7»

DUAL MODE SOLID CORE NUCLEAR SPRCE PNOMER/PROPULSION SYSTEM
NUROC3A, SPACE NUCLEAR SYSTEM PARAMEBETER STUDY-SPMMT SORT

X oD TC P VIE ZNTOT SPMGEN
MWT /83 K KN M/S KG KG/KWE

0.33 1500. 3300. 45,42 1R40. 12115, 9.855
0.33 1500. 3000. 47.78 9221. 12140, 9,.R855
0.33 1500. 2700. 50.40 8776. 12170, 9.855
0.33 1000, 3300. 45,16 9639, 12713, 9,085
0.33 1000, 3000. 47.63 9221. 12739. 9.655
0.33 1000. 2700. 50.44 8776. 12770, 9.855
0.33 1500. 3300. 45,42 9640. 13490. 11.230
0.33 1500. 3000. 47.78 9221. 13515, 11.230
0.33 1500. 2700, 50.40 8776, 13544, 11.230
0.33 1000, 3300, 45.16 3639. 14088, 11.230
0.33 1000. 3000. 47.63 9221, 14113, 11.230
0.33 1000. 2700, 50.44 8776. 14145, 11.230
0.33 500. 3300. 44,47 9636. 1mu05, 9.855
0.33 500, 3000. b7.26 9219. 14433, 9.A55
0.33 500. 2700. 50. 38 8776. 14467, 9.855
0.33 1500. 31300. 45,42 9640, 7262. 10.0556
0.33 1500, 3000. 47.78 9221. 7286. 10.056
0.33 1500. 2700. 50.40 8776. 7316, 10.056
0.33 1000. 3300. 45.16 9639. 7854, 10.056
0.33 1000. 3000. 47.63 9221. 7879, 10,056
0.33 500, 3300. 44.47 9616. 15779. 11.230
0.33 500. 3000. 47.26 9219. 15807, 11.230
0.33 1000, 2700. 50.04 8776. 7911, 10.056
0.33 500. 2700. 50.38 8776. 15842, 11.230
0.33 1500, 3300. 45.42 9640. 7962, 11.456
0.33 1500, 3000. 47.780 9221. 7986, 11.456
0.33 1500. 2700. 50.40 8776. BO16. 11. U506
0.25 1500, 3100. 45.42 J6u40. 16082. 13.837
0.25 1500, 3ooo. 47,78 9221. 16106. 13.837
0.25 1500. 2700. 50.52 8776. 16137, 13.837
0.33 1500, 3300. 45.42 9640, 16269, 14.008
0.33 1500. 3000. u7.78 9221. 16293, 14.008
0.33 1500, 2700. 50,40 8776. 16323, 14,008
0.25 1000, 3300. 45.16 3639. 16676. 13.837
0.25 1000. 3000. 47.63 92z1. 16702. 13.837
0.25 1000. 2700. 50.49 8776. 16733. 13.837
0.33 1000, 3300. 45.16 9639. 16867. 14.008
0.33 1000, 3000. 47.63 9221. 16892, 14,008

0.33 1000. 2700. 50. 44 8776. 16924, 14.008

SPMMT
KG/KWE

12.115
12. 140
12.170
12.713
12.739
12,770
13.490
13.515
13,548
14,088
14,113
14,145
14,405
14.433
14,467
14,523
14,572
14,632
15.707
15,758
15.779
15.807
15,821
15.842
15.923
15.973
16,032
16,082
16.106
16.1137
16.269
16.293
16.1323
1€.676
16.702
16.733
16.867
16,892
16.924

SPTENG
N/KG

20,0093
20,910
21.771
15.799
16.516
17.302
20,093
20.910
21.771
15,799
16.516
17.130?

9,774
10.325
10,92
20.334
21.158
22,026
15.982
16.705

2.774
10,125
17.499
10.92?2
20,334
21,158
22,024
z20.229
21.050
21.964
20.091
20.910
21,77
15.902
16.623
17.430
15.799
16.516
17.302

SPTHMT
N/KG

3.7u9
3.93h
4,141
3.552
3.739
3.9%0
3.357
3.5135
1.721
3.205
3.375
3.5¢6
3.087
3.275
3.4R2
f. 254
6.557
6.8RA
5.750
6.0u85
?.81R
2.990
6.376
3.1°0
5.704
5.982
€.297
2.824u
2.96h
3.1
2.792
2.932
3.0R7
2.708
2.852
1,017
2.677
2.819
2.980




Z1-0

ENG
NO.

203
122

189
171
90

224
174
3
93
12
62
227
146
65
179
98
17
197
116
35
200
119
38
176
95
LL
186
105
198
170
89

8
173
210

92

183

0E
NUE

0.50
0.50
0.50
1.00
1.00
1.00
1.00
0.50
1.00
0. 50
1.00
1.00
0.50
0.50
0.50
0.50
0. 50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
1.00
1.00
0.50
0.50
0.50
0.50
0.50
1.00
0.50
0.50
1.00

T508H

1420.
1420.
1420.
1600.
1600,
1600.
1600.
1600.
1300.
1600.
1300.
1300.
1600.
1300.
1300.
1300.
1600.
1600.
1600.
1600.
1600.
1600,
1300.
1300.
1300,
1420.
1420.
1420.
1420.
1420,
1600.
1600.
1600,
1600,
1300,
1300,
1300.
1300,
1300.

Page 2, SPMMT Sort
DUAL MODE SOLID CORE NUCLEBAR SPACE POWER/PRDPULSTOIN SYSTEM

NUJROC 3A,
X ob

MMT /83
0.33 1000.
0.33 1000.
0.33 1000.
0.50 500.
0.25 500.
0.25 500.
0.25 500.
0.25 1500.
0.33 500.
0.25 1500.
0.33 500.
0.33 500.
0.25 1500.
0.313 1500.
0.33 1500.
0.33 1500.
0.133 500.
0.33 500.
0.3 500.
0.25 1000.
0.25 1000.
0.25 1000.
0.33 1000.
0.33 1000.
0.33 1000.
0.33 500.
0,33 500.
0.33 500.
0.50 500.
0.50 500.
0.50 500.
0.25 500.
0.25 500.
0.25 500.
0.33 500.
0.50 1000.
0.33 500.
0.33 500.
0.50 500.

TC
K

3y00.
3000.
2700.
3300.
3300.
3000.
2700.
3300.
3300.
3000.
3000.
2700.
2700,
3100.
3000.
2700,
3300.
3000.
2700.
3300,
3000.
2700.
3300.
3000.
2700.
3300.
3000.
2700.
3300.
3000.
3300.
3300.
3000.
2700.
3300.
3300.
3000.
2700.
3300.

P
KN

45,16
47.63
50,44
44,47
4y, 47
47,26
50,48
45,42
Uy, 47
47.74
47.26
50.138
50.49
45.42
47.78
50.40
64,47
47,26
50. 38
85.16
47.63
50.49
45.16
47.63
50,44
44,47
47.26
50.38
44,47
46. 36
44.49
ub, 47
47.26
50,48
64,47
44,35
47.26
50.38
4y, 47

VJE
M/Ss

9639,
9221,
8776.
96136,
9636,
9219.
B776.
9640,
96 3R,
9221.
9219,
a7176.
8776.
960,
9221.
8776.
9636,
9219.
8776,
9619,
9221,
8776.
9639.
9221.
8776.
96 36.
9219,
8776.
3636.
9217.
9635,
9€36.
9219.
81776,
96136.
9636,
9219,
8776.
96136.

ZMTOT
KG

as554,
a579,
8611,
18074,
18360.
18388,
18423,
926u4.
18558,
9288.
18586.
18620.
9319.
9368.
2393,
9423.
9532.
9560.
9594,
9854,
9879,
99 11.
9960.
9986.
10017,
10232.
10260,
10294.
21031,
21052,
11383,
11528,
115%6.
11591.
11639.
23288.
11666.
11701,
25142,

07/13/776

SPACE NUCLEAR SYSTEM PARAMETRR STUDY-SPMMT SOR™

SPHGEN
KG/KWE

11,456
11.456
11,456
12.934
13,837
13.837
13.8137
14,076
16,008
14.076
14,008
14.008
14.076
14.270
4.270
14.270
10.056
10.056
10.056
14.076
14.076
14,076
14,270
14.270
u.270
11,456
11.456
11,456
15.940
15.940
13.215
1,076
14.076
14,076
14,270
20.051
1,270
14.270
20.051

SPNNT
KG/KVE

17.107
17.1%8
17.221
18,074
1R. 360
18,388
18,423
18.527
18.558
18.577
18.546
18.620
18.638
18.737
18.786
18.846
19.06/3
19.119
19,188
19.708
19.7%9
19.822
19.921
19.972
20.035
20. 464
20.519
20.588
21.0%
21.052
22.766
23.057
23.112
23,182
23.217
23.288
23.1333
23.402
25,142

SPTENG
N/KG

15.982
16,705
17.499
8,735
9.831
10.384
11.007
20,804
9.774
21,214
10.132%5
10,922
22,134
20,334
21.158
22,076
9.874
10.4130
11.0313
16,0135
16.760
17.572
15.982
16. 705
17.u439
9,874
10.430
11,033
B.735
9.068
9. 31¢
9.903
10,460
11.0R7
9.874
13.701
10. 4730
11.033
8.735

SPTMT
N/KG

5.279
5.651
5.958
2.460
2,122
2.570
2.740
4,902
2.376
5. 144
2.543
2.70%
5.418
4,848
5.086
5.348
4.666
8,90y
5.251
4,582
u,A21
5.094
4,534
4.769
5.0125
u.346
u.607
u.A9Y
2.114
2.202
3,908
3.A57
4.090
u,.155
3.821
1.904
4,051
4. 305
1.769




£1-0

ENG
RO.

102

185
104
209
222
11

60
195
114

182
101
20
168
87

221
140
59
194
113
32
232
151
70
219
138
57
192
1M1
30
229
18
167
86

67
165

OB
MWE

1.00
1.00
0.50
0.50
0.50
1.00
1.00
1.00
1.00
1.00
1.00
0.50
0.50
0.50
1.00
1.00
1.00
0.50
0.50
0.50
0.50
0.50
0.50
0.10
0.10
0.10
1.00
1.00
1.00
1.00
1.00
1.00
0.10
0.10
0.50
0.50
0.50
0.10
1.00

TSuBM

1300.
1300,
1420.
1420,
1300.
1420.
1420,
1420,
1420.
1420,
1420,
1300,
1300.
1300,
1420,
1420,
1420,
1420,
1420,
1420,
1420,
1420,
1420,
1600,
1600.
1600,
1300.
1300.
1300.
1300.
1300.
1300.
1420,
1420.
1420,
1420,
1u20.
1420,
1300.

Page 3, SPMMT Sort
DIIAL #ODE SOLID CNRE NUCLEAR SPACE POWFR! /PROPULSTON SYSTEM

NURNC3A,
X oD
MWT /M3
0.50 500,
0.50 500,
0.50 500,
0.50 500.
0.50 1000,
0.25 1500.
0.25  1500.
0.25 1500.
0.25 1000.
0.25 1000.
0.25  1000.
0.50 500.
0.50 500.
0,50 500.
0.25 500.
0.25 500.
0.25 500,
0.25 1500.
0.25  1500.
0.25  1500.
0.25 1000,
0.25 1000.
0.25 1000.
0.331 1500,
0.33  1500.
0.33  1500.
0.25 1500.
0.25 1500,
0.25  1500.
0.25 1000.
0.25 1000.
0.25  1000.
0.33 1500,
0.33  1500.
0.25 500.
0.25 500.
0.25 500.
0.33 1500,
0.25 500.

F
KN

46,36
48.59
44,49
46.36
44,35
45.42
47.78
50.52
45.16
47.63
50. 49
44.49
46.36
48,59
Hu.47
47.26
50.48
45.42
47.78
50.49
45,16
47.63
50.49
45.42
47.78
50. 36
45,42
47.78
50.52
45.16
47.63
50.49
45,42
47.78
44.47
47.26
50.48
50.36
44,47

VIE
M/S

9217,
8771.
9615.
9217.
9636.
9640,
9221,
8776.
9639,
9221.
8776.
9635.
9217.
8771.
9636.
9219.
7176,
I6u40.
9221%.
8776.
9639,
9221.
8776.
9640.
3221,
87176,
9640,
9221,
8776.
9639.
9221,
8776.
96n0.
9221,
9616.
9219.
8776.
8776,
7636,

Z8TOoT
KG

25163,
251490,
12882,
12904,
13199.
28898.
28923,
28954,
29493.
29519,
29550,
14961,
14983,
15010.
311177,
31205.
31240.
15740,
15764,
15795.
16330,
16355.
16387.

3397,

3y21.

3451,
34541,
3u566.
Jus597,
35136,
35161,
35193,

3559,

3584,
18004,
18032,
18067,

3614,
26820,

07/13/76

SPACE NUCLEARF SYSTEM PARAMETER STUDY~-SPMMT SOKRT

SPMGEN
KG/KWP

20,051
20,051
16,212
16.212
20.370
2,653
26,651
26.653
26,653
26.653
26,653
20.370
20,370
20.370
26,653
26.653
26.653
27.028
27.028
27.02R
27.028
27,028
27.028
11.845
11.845
11.8485
32.296
32,296
32.296
32.296
32.296
32,296
13.473
13.473
27.0/78
27.028
27.029
13,473
32.296

SPNNT
KG/KWE

25.163
25.190
25.763
25.808
26.398
28.898
28.923
28.954
29,493
29.518
29.550
29.922
29.967
30.020
31.177
311,205
31,240
31.479
31.529
31.590
32.660
32.711
32.774
33.967
34.213
34.510
34,541
Ju,.566
34,597
35. 136
15.161
35,193
35,594
315.841
36.008
36.064
36. 134
316.137
36.820

SPTENG
N/KG

9.068
a,45%
9.316
9,6A2
1u.714
20,229
21.050
21.960
15,902
16.623
17.430
9.316
9.662
10.070
9.831
10, 384
11.007
20.404
21.230
22.134
16.035
16.760
17.572
20.530
21.360
22.222
20.229
21,050
21.964
15.902
16.623
17.430
20.530
21,360
3.9013
10.460
11.0R7
22.222
9.°911

SPTHT
N/KG

1.842
1.929
J. 454
3.5913
3.160
1.572
1.652
1.7u45
1.531
1.613
1.709
2.974
3. 094
3.237
1.476
1.515
1.616
2.88%
.01
1,197
2,765
2.912
3.081
13.1370
13.965
14,594
1. 315
1.382
1.460
1.2a85
1.35%
1.435
12.75¢9
13.3N
2.470
2.621
2,794
13.917
1.208




#1-0

BNG
NO.

au

218
137

56
223
191
110

142
226

145
64
205
124
43
202
164
121
83

40
196
115
199

118
37
220
139
58
178
97
16
175
193

112

oE
MWE

1.00
1.00
0.50
0.50
0.50
0.10
0.50
0.50
0.50
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.50
0.10
0.50
0.50
0.10
6,10
0.10
0. 10
0.10
0.10
0.10
0.10
0.10
.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

TSUBN

1300.
1300,
1300.
1300.
1300.
1600.
1300,
1300.
1300.
1600.
1300.
1600.
1300.
1300.
1600.
1600,
1600.
1420.
1300.
1420,
1300.
1300.
1420.
1600.
1600.
1300.
1600.
1300.
1300,
1420,
1420.
1420.
1600.
1600,
1600.
1420,
1420.
1420.
1420.

Page 4, SPMMT Sort
DUAL MODE S)LID CORE NUCLEAR SPACE POWER/PROPULSTION SYSTEM

NURQC3A,
X QoD

MRT/M)]
0.25 500.
0.25 500.
0.25 1500.
0.25 1500.
0.25 1500.
0.25 1500.
0.25 1000.
0.25 1000.
0.25 1000.
0.25 1500.
0.33 1500.
0.25 1500.
0.33 1500.
0.33 1500.
0.33 1000.
0.313 1000.
0.33 1000.
0.33 1000.
0.25 500.
0.33 1000.
0.25 500.
0.25 500.
0.33 1000.
0.25 1000,
0.25 1000.
0.33 1000.
0.25 1000,
0.33 1000.
0.33 1000,
0.25 1500.
0.25 1500.
0.25 1500,
0.33 500.
0.33 500.
0.33 500.
0.33 500.
0.25 1000.
0.33 500.
0.25 1000.

TC
K

3000,
2700.
3io00.
3000.
2700.
3300.
3300.
3000.
2700.
3000.
3300.
2700.
3000.
2700.
31300.
3000.
2700.
3300.
3100.
3000.
3000,
2700.
2700.
31300.
3000.
3300.
2700.
3ooo.
2700,
3300.
3000.
2700,
3300.
3000.
2700.
3300.
3300,
3000.
3000,

| 4
KN

47.26
50.48
45.42
47.78
50.49
45,42
45.16
47.63
50.49
47.78
45.42
50.u9
47.78
50,36
45,16
47.63
50.39
45.16
44.47
47.63
47.26
50.48
50.39
45,16
47.63
45.16
50.49
47.63
50,39
45,42
47.78
50.49
44,47
47.26
50.138
4y,.47
45,16
47.26
47.63

VIE
M/s

9219.
8776.
9640.
9221,
8776,
9640.
96139,
9221,
8776.
9221%.
9640,
8776.
9221,
8776.
96139.
9221.
8776.
3639,
9616.
9221.
9219,
8776.
8776.
96139,
9221,
9639,
B776.
9221.
8776.
9640,
9221.
8776.
9€36.
9219.
8776.
9636.
9619.
9219.
9221.

ZMTOT
kG

jaHuB.,
16882,
18592,
18617,
168647,
3831,
19183,
19208,
192u0.
igse,
3872.
3ga6,
3896.
3926,
3984,
40n9.
4ou1,
4147,
20857,
4172,
20885,
20920.
42013,
4418.
uuy3,
hus9,
4u7rs.
u48s.
4516,
5246,
5271.
5302,
5651,
5679.
2714,
5814,
5R33.
5842,
5859.

071713/76

SPACE NUCLEAR SYSTEM PARMMETER STUDY-SPMMT SOR™

SPNGREN
KG/KWE

32.296
32.296
32.7133
32.71313
32.7133
16.204
32.733
32.733
32.7133
16,204
16.596
16.204
16.596
16.596
11.845
11,845
11.845
13.473
32.733
13.473
32.733
32,733
13,473
16,204
16.204
16.5%6
16,204
16.596
16.596
30,1354
30.1358
10,358
11.845
11,885
11,845
13.473
30.35%
13.473
30.358

SPUNT
KG/KWE

16.86u48
36.882
37.194
37.234
317.295
38.309
3R.365
38.415
IB. 479
38.555
38.717
38.862
1R.964
39,260
39.841
40.095
40,406
41.468
41.713
41.722
41.769
41.839
42.033
au. 179
44.4833
uy,.591
44,750
4u, 845
45. 196
52.462
52.709
53.015
56.514
56,794
57.13R8
58. 141
58.333
58.421
58.587

SPTENG
N/KG

10.384u
11,007
20.404
21.230
22.1n
20,546
16.035
16.761
17.572
21.376
20.530
22.2R4
21.360
22,222
16,1131
16.860
17.645
16.131

9.904
16.860
10,460
11.086
17,645
16.142
16.872
16,131
17.687
16.R60
17.645
20.546
21.1374
22.284

9,956
10,515
11,122

9.956
1o.142
10.515
16.872

sprme
N/KG

1.383
1.369
?.u03
2.5h6
2.708
11.855
2.1350
2.480
2.624
12,1392
11.730
12.992
12.262
12.928
11,135
11.879
12.072
10.240
2.132
11,815
2.263
2.413
11,9189
10,222
10,719
10,127
11,281
10.620
11,160
3,657
9,00
9,524
7.8h9
8.322
A.816
7.649
7,741
8.070
8.129




S1-2

ENG
NO.

217
13
n

136
55

187

169

172

91
10
184
103
190
109
28
181
100
166
85

163
82

QE
MWE

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

TSupHy
K

1300.
1420.
1420.
1300.
1300.
1600.
1600.
1600,
1300.
1600.
1300.
1300.
1420.
1420,
1300.
1300.
1300.
1300.
1300.
1420,
1420,
1420.
1300,
1300,
1300.

Page 5, SPMMT Sort 07/13/76

DUAL MODE SOLID CORE NUCLEAR SPACE POWER/PROPULSTON SYSTEM
NUROC3A, SPACE NUCLEAR SYSTiEW PARAMETER STUDY-SPHUMT SORT

X (U] TC P YJE ZNTOT SPMGEN
MWT/M3 K KN M/5 KG KG/KW8

0.25 1500, 31300. us5.u1 9640, SR72. 36.617
0.33 500. 2700. 50,38 8776. S877. 13.073
0.25 1000, 2700. 50.49 8776. 5890. 30,358
0.25 1500, 3000. 47.78 9221, 5897, 36.617
0.25 1500, 2700. 50.49 8776. 5928. 36.617
0.50 500. 3390. 44,29 3636. 6052, 15.270
0.25 500. 3300. 44.47 9636. 6084, 16.204
0.25 500. 3000. 47.26 9219, 6112, 16.204
0.31 500. 3300, 4y, 47 96136. 6126. 16.576
0.25 500. 2700, 50.48 B8776. 6147, 16,204
0.33 500. 3000. 47.26 9219. 6154, 16,596
0.33 500. 2700. 50, 38 A776. 6189, 16.596
0.50 500. 3300. 454.29 9636, 6388, 18,6209
0.50 500. 3000, 46,18 9216. 6409, 18,629
0.25 1000. 3300. 45,15 9639, 6459, 36.617
0.25 1000. 3000. b7.62 9221. 6485. 36.617
0.25 1000. 2700. 50.49 8776. 6516, 16.617
0.50 500. 3300. 44,29 9616, 6846, 23.211
0.50 500. 3000. 46.18 9216. 6867, 23,210
0.25 500. 3300. 44.47 9636. 7500, 30.358
0.25 500. 3000, 47.26 9219, 7528, 30. 354
0.25 500. 2700. 50.48 8776. 71562, 30,1358
0.25 500. Ji00. 44,496 9636. 8126, 36,617
0.25 500, 3000. 07.26 9220. 8154, 36.617
0.25 500. 2700. 50.50 8775, 8187. 36.617

SPYm1
KG/RWE

58,723 .

58.766
58.90)3
58.969
59.275
©0.522
60,844
61.124
61,25
61.471
69.5u5
61.889
63.881
64.093
b, 590
64.849
65.1A4
68.U63
58,675
74.998
75.278
15.625
81.261
B81.540
81.871

SPTERG
N/KG

20.543
11,122
17.687
21.374
22.283
9.788
9.962
10.572
9.956
11.151
10,515
11.123
9.78R
10. 158
16,140
16.86R
17.6R%
9,788
10.158
9.962
10.522
11151
9,959
10.519
11.160

SPIAT
N/EG

7.733
8.572
8,572
4,102
1.518
7.318
7.1309
7.732
7.259
a,212
7.679
A.140
6.931
7.705
6.990
7,344
7.7u8
A. 469
6.72%
5.730
£.278
B.hTS
S5.471
5.79%
6.169




91-0

115
118
196
199

58
139

220
13
31
55
97

10
112
136

94
178

28

QE
MWE

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

TSUBNM

1600.
1500.
1420,
1600.
1420,
1600.
1300.
1420.
1600.
1600,
1300.
1420,
1600.
1600.
1300.
1420,
1600,
1600.
13q0.
1420,
1600.
1300.
1600.
1300.
1620,
1820.
1600.
1420,
1420,
1420,
1300,
1600.
1600,
1300.
1420.
1300.
1420.
1600.
1300.

Page 1, SPIMT Sort
DA MODE SOLID CORE NUCLEBAR SPACE POWEP/PROPULSION SYSTEM

NURUC 3A,
X ob

MWT /M3
0.33  1500.
0.33  1500.
0.33 1500,
0.33 1500,
0.33 1500,
0.25  1500.
0.33  1500.
0.33  1500.
0.33 1000,
0.25 1500,
0.33 1500,
0.33 1000,
0.33 1000,
0.25 1500,
0.33 1500,
0.33 1000,
0.33  1000.
0.25 1000,
0.33 1000,
0.33 1000,
0.25 1000,
0.33 1000,
0.25 1000.
0.33 1000,
0.25 1500.
0.25 1500.
0.33 500.
0.25 1500,
0.33 500,
0.25 1000,
0.25 1500.
0.33 500.
0.25 500.
0.33 500.
0.25 1000,
0.25 1500.
0.33 500,
0.33 500.
0.25 1000.

TC
K

2700.
3000.
2700.
3300.
3000.
2700.
2700.
3300.
2700.
3ooo.
3000.
2700.
3000.
3300.
31300,
3000.
3300.
2700.
2700,
3300.
3000.
3000.
3300.
3300.
2700.
3000.
2700.
3300.
2700.
2700.
2700.
3000.
2700.
2700.
3000,
3000.
3000.
3300.
2700.

F
KN

50.36
47.78
50.36
45,42
47.78
50.49
50.36
45,42
50.39
47.78
47.78
50.39
47.63
45.42
45,42
47.63
45.16
50.49
50,39
45.16
47.63
47.63
45.16
45.16
50.49
47.78
50. 38
45.42
50.38
50.49
50. 49
47.26
50.48
50.38
47.63
47.78
47.26
4y.47
50.49

VJR
M/s

8776.
9271,
8776.
9640,
9221,
8776.
8776.
9640,
8776,
9221,
9221,
8776.
9221,
9640,
9640,
9221.
9619,
8776.
8776.
9639.
9221,
3221,
9619,
9639,
A776.
9221,
8776,
9640,
8776,
87176.
8776,
9219.
8776.
8776.
9221.
9221,
9219.
9636.
8776.

ZMTOT
KG

3451.
3421,
IA1Y.
33197.
3584.
3886.
3926.
3559.
404y,
3856.
3896,
4203.
4009.
1831,
31872.
u172.
3984.
u“?f‘o
4516.
8147,
quu3,
4485,
Bu18.
4459,
5302.
5271.
5714,
5246.
5877,
5890,
5928,
5679.
147,
6189,
5859,
5897.
SAu2.
5651,
£516.

07/713/76

SPACE NUCLEAR SYSI'EM PARAMETER SCUDY-SPTMT SOR™

SPMGEN
KG/KWE

11.845
11.845
13.473
11.845
13.473
16.204
16.596
13.473
1.845
165.204
16.596
13.473
11.845
16.204
16.596
13.473
11.845
16,204
16.596
13,473
16.204
16.596
16,2048
16.596
30,358
30. 1358
11.845
30,358
13.473
30,758
h.617
11,845
16.20u
16.596
30.358
16.617
13.473
11.8u5
36.617

SPMMT
KG/KWE

34,510
IN,.213
36.137
33.967
35. 841
38.862
39,260
35.594
40,406
3B8.%555
39.964
42.033
40. 095
38,309
38.717
41.722
39,841
44,750
45.156
41.468
4,033
44,845
ug,179
44,591
53.015
52.709
57.138
52,462
58.766
58.903
59.2175
56,794
61,471
A1.889
58,57
58.969
58,421
56,514
£S5, 1¢F0

SPTENG
N/KG

22.222
21.340
22,222
20.530
21.360
22.284
22.222
20.530
17.645
21.1376
21.360
17.645
16.860
20.54%
20.530
16.860
16.11
17.+A87
17.A/85
16.131
16.872
16.860
16. 142
16.131
22.284
21.176
11.122
20.54%
1.122
17.687
22.287
10.515
11,151
11.123
16.872
21.374
10.515
9.954
17.A85

SPTMT
N/RG

14,594
13.965%
11.937
13.370
13.31N
12.992
12.828
12.759
12,872
12,192
12.7°62
11.9R9
11.470
11,855
11.730
11.415
11,135
11.203
11,160
10,890
10.719
10.620
10,222
10. 127
9,524
3.0A4
8.816
3.657
4.572
R.572
8.518
9,122
8,212
8.140
8,129
8.102
R.090
7.869
7.748

e T e - —




LT-0

ENG
NO.

193
217

88

91
175
109
187
169
172

QR
MWE

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.50
0.10
0.10
0.50
0.10
0.50
0.50
0.10
0.50
0.10
0. 50
0.50
0.10
0.50
0.10
0.50
0.50
0.50
0.10
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50

rsusy

1420.
1300.
1600.
1300.
1420.
1300.
1600.
1600.
1300.
1420,
1300.
1420,
1600.
1300.
1420.
1600.
1300.
1600,
1420.
1420,
1600.
1300.
1600.
1420,
1420.
1420.
1300.
1600.
1420,
1420.
1300.
1600.
1300,
1420.
16500,
1600.
1600.
1300.
1300,

Page 2, SPTMT Sort
DUAL MODE SJOLID COYRE NUCLEAR SPRCE POWEkR/PROPULSION SYSTEM

NUROC 3,
X QD

MWT/M3
0.25 1000.
0.25 1500,
0.25 500,
0.33 500.
0.33 500,
0.25 1000.
0.50 500.
0.25 500.
0.33 500.
0.50 500.
0.25 1000.
0.50 500,
0.3) 1500.
0.50 500.
0.25 500.
0.33 1500.
0.50 500.
0.33 1000.
0.33 1500.
0.25 500.
0.33 1500.
0.25 500.
0.33 1000.
0.33 1500,
0.25 500.
0.33 1000.
0.25 500.
0.33 1000.
0.33 1500.
0.33 1000.
0.25 500.
0.25 1500.
0.33 1500,
0.33 1000.
0.33 500.
0.25 1500.
0.25 1000.
0.33 1500.
0.33 1000.

TC
K

3300.
31300.
3000.
3000.
3300,
3000.
3300.
3300.
3300,
3000.
3300.
3300.
2700.
3000.
2700.
3000.
3300,
2700.
2700.
3000.
3300.
2700.
3000.
3000.
3300.
2700.
3000.
3300.
3300.
3000.
3100.
2700.
2700.
3300.
2700.
3000.
2700.
3000.
2700.

| 4
KN

45. 16
45,41
47,26
47.26
44,47
47.62
4y, 29
by 47
Ty
46.18
45,15
4u,29
50. 40
u6.18
50.48
47,78
4y, 29
50.44
50.40
47.26
45.42
50.50
47.63
47.78
ug. 47
50.44
47.26
4s.16
45,42
47.63
ugy. 46
50.49
50,40
45.16
$0.38
47.78
50.49
47.78
50. 44

VIJE
n/s

9639,
9640,
3219.
9219.
96136R,
9221,
9636.
9636.
9636.
9216.
96139.
9636.
B776.
9216.
8776.
9221,
9636.
8776.
8776.
9219,
9640,
8775.
9221,
9221.
9636.
B8776.
9220,
96139.
9640,
9221,
96136.
8716,
A7176.
9639,
B77h.
9221.
8776.
9221,
8776.

2MTO™
KG

5833,
5872.
6112,
6154,
5814,
6485,
6052,
6084,
6126,
6409,
6459,
63819,
7316.
6867.
7562,
7286,
6846,
7911,
8016,
7528,
7262,
8187,
7879.
7986,
7500,
8611,
8154,
7854,
7962,
A579,
8126.
9319,
9423,
8554,
9594,
9288,
9911.
9393,
10017,

07/13/776

SPACE NUCLEAR SYSTIEM PARAMETER STUDY-SPTMI SOPT

SPMGEN
KG/KWE

30. 357
36.617
16. 200
16.596
11,473
36,617
15.270
16,204
16.596
18,629
16.617
10,629
10.056
23,211
30.358
10.055
23.211
10.056
11,456
30.358
10.056
36.617
10.056
11.456
30,358
11,456
36.617
10,056
11,456
11,456
36.617
14,076
14,270
11,456
10.056
14,076
14,076
14,270
14.270

SPMMT
RG/KWE

58, 333
58,723
61.124
61,5485
58,141
6u4.849
60,522
650.8ub
61.265
64,093
64,59y
63.8P1
146,632
68,675
75. 625
8,572
fB,463
15.821
1,032
75.278
14,523
81.871
15.758
15.973
74.998
17.221
81,540
15.707
15.9213
17.158
31.261
18,638
18,846
17.107
19,1488
18.577
19.822
18,786
20,035

N

SPTENR
N/RG

16. 142
20,587
10.522
10.515
9,956
16.868
J.789
9,962
9,946
10.158
16.140
9,788
22.026
10.158
11.151
21.158
9.788
17.499
22.07%6
10.522
20, 334
11.160
16.705
21.158
9.962
17.499
10.519
15.982
20, 3%
16.705
9.959
22.134
22.026
15.982
11.033
21,230
17.%72
21.158
17.49°

SPTMT
N/KG

T.791
7.733
7.732
7.679
7.649
7. 3uy
7.318
7. 309
7.2%9
7.205
f.990
6.91313
f.838
6.725
6.675
6.557
hoU69
. 376
6.287
f.278
6. 254
6.169
h.045
5.992
5.930
5,858
5.795
5.750
5.704
5.5%1
5.0871
5.u418
5. 348
5,279
5.251
5. 144
5. 094
5. 086
5.035




81-0

BNG
NO.

QE
MWE

0.50
0.50
0.50
0.590
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
1.00
0.50
0.50
1.00
1.00
0.50
0.50
0.50
1.00
1.00
1.00
0.50
1.00
1.00
1.00
1.00
0.50
1.00
1.00
0.50
1.00
0.50
1.00
0.50
1.00
1.00

A
Page 3, SPTMI Sort 07/13/76

DUAL MODE SOLID COKE NUCLEAR SPACE POJEL/PROPHLSINN SYSTEM
HURCC3A, SPACE NUZLEAF SYSTREM PARAMRCTER STUDY-SPTMT SORT

X QD TC F VJE ZMTOT SPMGEN
MWT/M3 K KN M/S KG KG/KWE

0.33 500. 3000. 47.26 9219. 9560, 10.056
0.25 1500. 3300, 45,42 9640, 9264, 1.076
0.33 500. 2700. 50.38 8776. 10294, 11,456
0.33 1500. 3300. 45.42 9640, %368, 14.270
0.25 1000, 3000. 47.63 9221. 9879, 14.076
0.33 1000. 3000. 47.63 9221. 998¢6. 14,270
0.33 500. 3300. LU 9616, 9532. 10.056
0.33 500. 3000. 47,26 9219, 102640, 11.456
0.25 1000, 3300. 45, 16 9639. 9ns54. 1.076
0.33 1000. 3300. 45,16 9619. 9960. 1,270
0.25 500. 2700. 50.48 8776, 11591, 14,074
0.33 500. 3300. 44,47 9636, 10232, 11.456
0.33 500. 2700. 50.38 A776. 11701. 1,270
0.33 1500. 2700. 50, 40 8776, 12170. 9.855
0.25 500. 3000. 47,26 9219, 11556. 14.076
0.3) 500. 3000. 47,26 9219, 11666, 14,2790
0.33 1000. 2700. 50. 44 8776. 12770. 9,885
0.33 1500. 3000. 47.78 3221%. 12140, 9.P55
0.50 500. 3300. u4,49 9635. 11383. 13.215
0.25 500. 3300. 44,47 9616, 11524, 14.076h
0.33 500. 3300. uy.,47 96 36. 11639, 1,270
0.33 1500. 3300. 45,42 964 0. 12115. 9.855
0.33 1000. 3000. 47.63 9221, 12739, 9,855
0.33 1500. 2700. 50.40 8776, 13544, 11.230
0.50 500. 3000. 46. 36 9217. 12904, 16,212
0.33 1000. 2700. 50.44 8776. 14145, 11.230
0.33 1000. 3300. 45.16 9639. 12713, 9.855
0.33 1500. 1000. 47.78 9221. 13515. 11.210
0.33 500. 2700. 50.38 8776. 14467, 9.855
0.50 500. 3300. 4y, 49 9635. 12882, 16.212
0.33 1000. 3000. 07,63 9221. 1113, 11.230
0.33 1500. 3300. 45,42 9640, 13490, 11.230
0.50 1000. 1300. 44, 35 9636, 13199, 20.370
0.33 500. 3000. 47.26 9219. 14433, 2.855
0.50 500. 2700, 48,59 8771. 15010. 20.370
0.33 1000. 3100. 45,16 9639. 14088, 11.230
0.25 1500. 2700. 50.49 9776. 15795. 27.028
0.33 500. 2700. 50.38 1776. 15842, 11.230
0.25 1500. 2700, 50.52 8776, 16137. 13.817

spMuT
KG/KWE

19.119
18.527
20.588
18.737
19,759
19.972
19.061
20.519
19.708
19.921
23.182
20,464
23,402
12.170
23,112
23,333
12.770
12.140
22.766
23.057
23,27
12.115%
12.739
13.544
25.R08
14,145
12.713
13.51%
14,467
25.761
14.113
13,490
26,398
14,8133
30.020
th,0488
31.590
15.847
16.1137

SPTENG
N/KG

10.4130
20,404
11.033
20.334
16.760
16,705
9.874
10.410
16.035
15.982
11.0R7
9,874
11.033
21,7111
10. 460
10,430
17.302
20.910
9,316
9.903
9,874
20,093
16.516
21,771
A, k2
17.1302
15.799
20.910
10,922
9.316
16.516
20,093
14,7148
10.325%
10.070
15.799
22.134
10.972
21.964

T e A —— o

W A - e s




61-0

137

110
167
189
218
171

174
191
A3

oe
MWE

0.50
1.00
1.00
0.50
0.50
1.00
1.00
1.00
0.50
1.00
1.00
0.50
0.50
1.00
1.00
1.00
1.00
0.50
1.00
0.50
1.00
1.00
0.50
1.00
1.00
0.50
0.50
1.00
0.50
1.00
0.590
0.50
1.00
0.50
1.00
0.50
1.00
0.50
0.50

TSUBH

1300.
11300.
1600.
1420,
1420.
1600.
1420,
1300,
1300.
1600.
1300.
1420,
1420,
1600,
1600,
1300.
1420.
1420.
1300.
1420,
1600.
1600.
1300.
1300.
1300,
1300.
1420.
1600.
1300.
1300,
1300.
1420.
1600,
1300.
1600.
1300,
1300.
1300.
1300.

Page 4, SPIMT Sort
DUAL MODE SOLID CORE NUCLEAR SPACE POWER/PROPULSTION SYSTEM

NURNC 3N,
X QD

MUT /M3
0.50 500.
0.33 1500.
0.33 5900,
0.25 1000.
0.25 1500.
0.25 1000.
0.33 500.
0.33 1000.
0.50 500.
0.25 1500.
0.33 1500.
0.25 1000.
0.25 1500.
0.25 1000,
0.25 1500.
0.33 1000,
0.33 500.
0.25 500.
0.33 1500,
0.25% 1000.
0.25 500.
0.25 1000,
0.25 1500,
0.33 500,
0.33 1000,
0.25 1000,
0.25 500,
0.25% 500.
0.25 1500,
0.33 500.
0.25% 1000.
0.25 500.
0.50 500.
0.25 1500.
0.25 500.
0.25 500.
0.33 500,
0.25 1000.
0.25 500.

TC
K

3000.
2700.
3300.
2700.
3000.
2700.
3000.
2700.
ERII1IN
3000.
3000.
3000.
3100.
3000.
3300.
3000.
3300.
2700,
3300.
3300.
2700.
3300.
2700,
2700,
3300.
2700.
3000.
3000.
3000.
3000.
3000.
3300.
3300.
3300.
33o0.
2700,
31300.
3100.
3000.

| 4
KN

46,36
50,40
44,47
50.49
47.78
50. 49
47,26
50. 44
44,49
47.78
47.78
47.63
45.42
47.63
45,42
u7.€63
44.47
50. 48
45.42
45.16
50.48
45.16
50.49
50,38
45,16
50,49
47.26
47,26
n7.78
47.26
47.63
uy,47
uy,u7
45,42
uy 47
50.u8
44,47
45,16
47,26

vie
M/S

92117,
8776.
7636,
8776,
9221.
B3776.
3219.
8776.
96135.
9221,
9221,
9221.
9640.
9221.
9640.
9221,
9636.
8776.
9640,
9639.
8776,
96139.
a776.
8776.
9639.
8776,
9219,
9219,
9221.
9219,
9221.
9636,
9636.
J6u0,
96136,
8776.
9616.
9619.
9219,

ZNTOT
KG

14983,
163123,
144405,
16387.
15764,
16733,
15807.
16924,
14961,
16106,
16293,
16355,
15780,
16702.
16082,
16092,
15779.
18067.
16269.
163130,
10423,
16676.
18647,
18620,
16867.
192u0.
18032,
18388.
18617.
185686.
19208.
168004.
18074,
18592.
1R 360.
20920.
18558.
19183,
20885,

07/13/7¢

SPACE NUCLEAR SYSTEM PARAMRTER STUDY~-SPTMNT SORT

SPNGEN
KG/KWE

20.370
14.008

9,855
27.029
27.028
13.837
11.230
14.008
20.370
13.837
1u.008
27.028
27.028
11.837
13.8%7
14.009
11.23%0
27.028
14.00R8
27.028
13.837
13.837
32.733
14.008
14.008
32.733
27.028
13.837
32.733
14.008
12.733
27.028
12.984
32.733
13.837
12.733
14.008
32.70)
32.733

SPHUNT
KG/KWE

29,967
16.323
14,405
32,774
31.529
16,733
15,807
16,924
29.922
16,106
16,293
32.711
31.479
16,702
16.082
16.892
15.779
16,134
16.269
32.660
18.423
16.676
37,295
18.620
16,867
318.479
36,064
18.388
37.234
18.586
3A.416
36,008
18.074
37.184
18. 360
41,839
18.55A
38, 3s5
41,769

SPTENG
N/K

9.662
21,771
9,774
17.572
21.2130
17.4130
10.325
17.302
9,316
21.050
20.91%0
16.760
20. 404
16.6213
20.229
16.516
9.774
11.087
20.093
16.015
11.007
15.902
22.134
10.922
15.799
17.572
10.460
10.384
21.230
10.325
16.761
9.903
8.735
20.u0u
3.8131
11.0R6
9.774
16,015
10,460

spTaT
N/KG

J.09y
3. 087
31.0%7
1.081
3.031
3.017
2.990
2,980
2.974
2.966
2.932
2.912
2.895
2,857
2.R24
2,919
2.818
2.794
2.792
2.765%
2.740
2.708
2.708
2.705
2.617
2.R24
2.621
2.570
2.566
2.541
2.430
2.470
2.460
2.447
2,422
2.413
2.396
2,354
2.263
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DUAL MODE SOLTD CORE NUCLEAX SPACE POWER/PROPHISTON SYSIFEM
NUROC3h, SPACE NUCLEAR SYSTEW PARAMETER STUDY-SPTMT SOPT

0¢-0

QE TSUBN X QD TC P vie ZMTNT SPMGEN = SPMMT SPTENG SPTHT
MWE K MUT /N3 K KN M/S KG K5 /7KWE KG/KWE N/KG N/KG
1.00 1420, 0.50 500. 3oo00. Ué.36 9217. 21062, 15,940 21,052 9.06R 2.207
0.50 1300. 0.25 500, 3300. ah, 47 95136. 20857. 32.733 41,713 9.904 2.132
1.00 1420. 0.50 500, 3300, uy.47 96136, 210131, 15.940 21,0 8.73° 2,114
1.00 1300. 0.50 500. 2700. u8.59 8771, 25190. 20.051 25,190 9,455 1.929
1.00 1300. 0.50 1000. 3300. 4u.35 9636. 232468, 20.051 23.204 13.701 1.904
1.00 1300. 0.50 500. 3000. 46.36 9217. 25163, 20.051 25.163 9.068 1.342
1.00 1300. 0.50 500. 3300. uu .47 9636. 25142, 20.051 25, 142 8.735 1.769
1.00 1420, 0.25 1500, 2700. 50.52 8776. 28954, 26,653 29,954 21,964 1.745
1.00 1420, 0.25 1000. 2700. S0.49 8776. 29550, 26.651 29.550 17.4130 1.709
1.00 1420. 0.25 1500. 30490. 47.78 9221. 289213. 26.651 28,923 21.050 1.6%2
1.00 1420, 0.25 500. 2700. 50.48 87176, 31240, 26.653 11,780 11.007 1.616
1.00 1420. 0.25 1000. 3000. 47.61 9221. 29519. 26.653 29.518 16.623 1.613
1.00 1420. 0.25 1500. 3100, 45.42 96u0, 28898, 26.6513 28.898 20,229 1.572
1.00 1420, 0.25 1000, 3300. 45.16 9639, 29493, 26.65) 29,493 15.902 1.5
1.00 1420. 0.25 500, 3000. 47.26 9219, 31205. 26,653 31.205 10.384 1.515
1.00 1300. 0.25 1500. 2700. 50.52 8776, 3u597, 32,294 34.597 21.964 1.460
1.00 1300. 0.25 1000, 2700. 50,49 3776. 35193, 32,296 35.193 17.430 1.4135
1.00 1420. 0.25 500, 3300. uy, 47 9636, 31177, 26.653 31,177 9.831 1.426
1.00 1300. 0.25 1500, 3000. 47.78 9221, 34566. 32.296 W,566 21.050 1. 382
1.00 1300, 0.25 500. 2700. 50.48 8776. 368R2, 32,294 36.8R2 11.007 1.369
1.00 1300. 0.25 1000. 3000. 47.63 9221, 35161. 32,2964 35,161 16.623 1. 355
1.00 1300. 0.25 1500. 31300. 45,42 9640, 34541, 32.296 14,5041 20.229 1.315
1.00 1300. 0.25 1000. 3300. 45.16 9619. 35136, 32.296 35.136 15.902 1.285
1.00 1300. 0.25 500. 3000. 47.26 9219. 36848, 32,296 36,848 10.3684 1.281
1.00 1300. 0.25 500. 3300. 44.47 9b36. 36820. 32.296 36.920 9.8131 1.208




APPENDIX D: Code Output for Selected Engines

Maximum SPTMT

THE AERISPACE SYSTEMS LABORATORY

PRINCEION UNIVERSITY

07/13/76

DUAL MCDEk SOLIT CORE NUCLEAF SPACE POWER/PROPULSION SYSTEK

NURKCC3A CODE ENGINE NUMBER

LIST 07 INPUT PARAMETERS

REACTO2 CORE PARAMETERS AND CONSTRAINTS

AR
CHX

CL
CLRT

e
P

IPUTL

R™

T

ZNHd

BEEAT PIPE

HTCdPp

4

£y

FD
THPYAX

TI
T0S

TOW
VAPIT

XEACTOT AREL, M*¥Z

PUEL ELEMENT HEX-PLAT™ DIMEN-
STON, CM

CCRE LENGTH, M

TOTAI EEACTOR CYLINDRICAL

1LENGTH, M

COFE COOLANT PLSSAGE DIAMETER, CH
UFANTUN FUEL ISOTOPE

CORE RADIUS, M

IEFLECTOR THICKKESS, ¥

NUMBER OF PPODPELLANT PASSA3ES PET
FJEI ELEMENT

PAFAMcTEPS AND CONSTRARINTS

HELT TIANSFEr COEFFICIENT, HEAT
PIPE SCLID/SOLID,wI/CM**2 K
FADIUS OF HERT PIPET INNER
CAVITY, CHM

REDIUS OF H®WAT PIPE, CM

MAXTMUOM HERT PIPE MATEFIAL TEMP-
ERATURE, K

THICKNESS OF HEAT PIPE INNER
WALL, CHM

THICKKESS OF OUTEP SKIN, CM
THICKNESS OF HEAT PIPE WICK, CM
LATENT HEAT OF VAPORIZATIONR OF
HEEXT PIPE FLUID, MEGAJOULES
FRACTION OF WICK VOLUME OCCUPIED
BY LIQUID

PAGE 1 OF 2

0.58820

4.,00000
0.88900

1.52400
0.30000
U - 233
0.24429
0.,1469¢%

60,00000

0.10000

0.0
2.50000

1800.00000

0.0

0.10000
0.50000
1.96400

0.90000




THE AEROSPACE SYSTEMS LABORATORY
PRINCETCN ONIVERSITY

07,/13/7¢

DUAL MODE SCOIILC CORE WNUCLEAR SPACE POWER/PROPULSION SYSTEM
NUROC3A COUE ENGINE NUMBER = 70

LIST OF INPUT PAKAMETERS PAGE 2 OF 2

NOZZLE AND PROPULSIVE PARAMETERS

ANC NCZZLE COOLING JRACKET RRER, M**2 0.50000
ANDZ NOZZLE SURPACE AREA, M**2 0.70000
ARXTIO NGZZLE EXIT TO THROAT AREAR RATID 200,00000
ETAN NOZZLE EFFICIENCY 0.97000

TEMPERATURE ANL PRESSUKE CONSIRAINTS AND PARAMETERS

pC STAGNATIOM PRESSUERE IN CHAMBER,

N/CH*%x2 300.00000
PTNK PRESSURE IN PROPELIANT TANK,

X/Cwx*kD 13.80000
TC TOTAL CORE EXIT TLMPERATURE, K 2700.00000
TMMAL FAXI™UM PERMISSIBLE CORE MATERIAL

TEMNEFERATURE, F 3600.00000
TWAAX MAXIMUY PERMISSIBLE COOLING

CHANNEL WALL TEMPERATUFE, K 3500.00000
ZMNRJ MACH NUMBER IN CONDUIT 0.65000

PRESSUTE SHELI PARAMETERS

DMPS PRESSURE SHEI1 COOLLRNT MASS FLOW,

KG/SEC 0.30000
TPSI TEMPERATURE OF COOLANT ENTERING

PRESSUEE SHELL, K 200.00000
TRT TEMPERATURE OF PPESSURE SHELL

W2l1l, K 800.00000

MISSICN DESCRIETICN

MSNAME DESTINLTION MRERS
IORB MISSION AN ORBITER
TIMM TEIF TIME, DAYS 125.00000
TIMP POWERED TIME AT DESTINATION, S 0.0
TTHM EATIO OF THRUSTING TIME

TO MISSION DUFATION 0.0
CQ FATIO OF KEACTOR POWEER DURING

COAST PHASE TO PULL POWER 0.10000
PQ RATIO OF REACTOE POWEER AT

PLANET TO FULI POWER 1.00000

D-2



THE
PRINCETON UNIVERSITY

AEBROSPACE SYSTEES LABORATORY

07,13/76

DUAL MODE SOLID CORE NUCLEAK SPACE POWER/PROPULSION SYSTEM

NUROC32 CODE ENGINE NUMBER =

PROPULSIVE AND POWER MODE OUTPUT PARAMETERS

OVERALL DATA SCMMARY

PROPULSIVE MODE

CKIT

DM
F
PLYXMAX

oc
QHP
QKC
02
OR
QSE
vJ
VIE
M3

POWER MODE
QE

QFE

QHPPM

0?s

QRPM

ETAS

EFPECTIVE MULTIPLICATION FACTOR
(MUST BE GREATER THAN 1)

MASS FLOW, HYDROGEN, KG/S

THRUST, KILONEWTONS

MAXI¥U™ ALLOWABLE HERT PIPE POWEP
FLUX, %34T

COEE POWER REFOVED BY COOLANT,
HEAT PIPE POWER, MWT

NOZ.ZLE COOLENT JACKET POWER,
PU¥P POWER, MWT

TUTAT REACTOX POWER, MW?
SIDE REFLEZTO® POWER, MWT
VELOCITY OF EYHAUST JET, M/SEC
EFFECTIVE JET VELOZIT , M/SEC
MACH NUMBER AT THE NOZZLE EXIT

MWI

MuT

ELECTRIC POWEL, MWE

FAN EILECTRIC POWEEK, MWE

HEAT PIPE POWER IN POWER MODE,
PRESSURE SHELL GASEOUS COOLANT

MRT

POWER, MWT

TOTAL REACTOR POWER IN POWER
MODE, M®T

POWER CONVEESION SYSTE™ EFFI-
CIENCY

70

PAGE 1 OF 5

2.35994
5.73885
50.36398

22.35452
237.67622
2.32352
30.00000
0.5u4€85
250.00000
9.99999
8899.25000
8775.96875
6.84950

0.10000
0.05409
0.40164
0.07963
0.48126

0.24898
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THE AEFOSPACE SYSTEMS LABORATORY
PRINCEION UNIVERSITY

07/13/76

DUAL MODE SOLILC CORE NUCLEAR SPRACE POWER/PROPULSION SYSTE™
NURCC3X CODE ENGINE NDUMBER = 70

PROPULSIVE AND POWEL MODE OUTPUT PARAMETEPS PAGE 2 OF 5

STATE PCINT D2TA

PROPJULSIVE MODE

TC2 TOTAL TEMPERATURE AT THE NOZZLE

ENTRANCE, K 2616.89600
TCZ TOTAL TEMPZRATURE AT THE CORE

ENTFENCE, K 218.31763
I5R IOTAL TEMPERATIORE AT THE SIDE

FLFLECTOF EXI7, K 218.31763
TNC TOTEL TEYMPERATURXRE AT THE COOLANT

JACKELT EXIT, K 113.9033u
T? TCTAL TEMPE2ATUXRE AT THE PUMP

EXIT, K 29.20918
TXNE STRTIC TEMPE=RTURE AT THE NOZZLE

EXIT, ¥ 307.63501
WIMEY ACTUAZL COOLING WRLL MAXIMUM TEMP-

ERATUPE, K 2873.48511
ZMTMAY ACTULL MAXINNM CORE MATERIAL

TZMEERLTURE, K 2951.36084
THP HEAT PIPE MATERIARL TEMPErRaTURE, K 1€75.00000
PCI TOTAL PRESSURE AT THE COPE IN-

LET, N/CM¥x2 381.04028
PNC PRESSURE AT THE COOLANT JACKET

EXIT, N/CM*x%x2 415.12622
p? TOTAL PRESSURE AT PUMP EXIT

R/CHu*%2 455.90845
DELPC CORE PRESSURE DROP, N/CM**2 81.04048
DELPSR SIDE REFLECTOF PRESSURE DROP,

K/CM*x2 34.08589
DELPNC NOZZLE COOLANT PASSAGE PRESSURE

DROPE, N/CN**2 40.78229
PNE STATIC PRESSURE AT THE NOZZLE

EXIT, N/CH*xx*2 0.04384

D-4




THE AEXOSPACE SYSTEMS LABORATORY
PRINCETON UNIVERSTTY

07/13/76

DUAL MODE SOLID CORZ NUCLEZAR SPACE POWER/PROPULSION SYSTE®

NUROC3A CODE ENGINE NUMBER =
PROPULSIVE AND POVEEK MODZ OUTPUT PARAMETERS
STATE PCINT DATA (COTINUED)

POWER MODE

TP SO TEMPERATJRE OF THE COOLANT LEAV-
ING THE PRESSURE SHELL, K

TPSR TEMPERATURE OF THE CCOLANT LEAV-
ING THE RADIRTOR, K

TMPMAX MAXIMUNM CORE MATErIAL TEMPERATURE

IN THE POYWEF FKODE, K

70

PAGE 3 OF 5

215.914€9
191.78391

1881.72778
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THE AEROSPACE SYSTEMS LABORATORY
PRINCETCN UNIVEESITY

07/13/76

DURL MODE SOLID CORE NUZLEAR SPACE POWER/PROPTLSION SYSTEM
NUFOC3k CODE ENGINE KUMBER = 70
PROPULSIVE AND POWER MODE OUTPUT FARAMETERS PAGE 4 OF 5

STATE POINT DRTA (COTINUED)

=== PROPULSIVE MODE----- |==--POWEF MCDE---|
CORE LENGTH CORE MATERIAL GAS PASSAGE CORE MATERIAL
(METELES) TEMPERATURE WALL TEMPERA- TEMPERATURE
(X) TURE, (K) (K)
0.0t 364.019 339.456 18A6.706
0.053 495,370 453.612 1868.832
0.089 642.073 582.551 1€70.883
0.1¢4 800.1¢€2 724.372 1872.829
0.160 907.976 876.983 1874.642
0.196 1142.9%87 1038.132 1876.294
0.231 1322.5%2 1205.443 1877.7¢2
0.207 1504.113 1376.446 1879.024
€.302 168L.9¢1 1548.620 1880.060
0.338 18€2.431 1719.426 1880.856
0.373 2033.504 1886.345 1881.4C0
0.L09 2196.847 2046.911 1881.684
O.b4uy 2348.862 2198.761 1881.704
0.480 2487.704 2339.651 1881.459
0.516 2611.325 2467.505 1880.954
0.551 2717.903 2580.4 36 1880.194
0.587 2805.862 2676.777 1879.193
0.622 2873.308 2755.109 1877.9¢4
0.658 2921.038 2814.,277 1876.526
0.693 2%46.554 2853.406 1874.900
0.729 2950.082 2871.921 1873.109
0.7¢5 2931.568 2869.547 1871.181
0.800 2891.284 2846.317 1869.143
0.836 2829.830 2802.581 1867.026
0.871% 2748.104 2738.975 1864.862
D-6



DUAL ¥ODE SCLIL CORE NUCLEAR

THE BEROSPACE SYSTEMS LRBORATORY
PRINCETON UNIVERSITY

NOROC 342 CODE ENGINE NUMBEER =

SYSTEF MASS BREAKDOWN

Z¥PFS1
ZF¥PFS2
ZMPFS

ZM¥NC
Z¥ D

ZMS
ZMN

2rIic
ZMVA
ZMTS

ZMSP

ZMN
ZMRO
ZMERP
ZMCFF
ZnCS
Z¥SPS
Z¥%SHD
ZMPYVY

ZMER

ZMENG
ZMPSCP
ZNPSCF
ZMPSCP

ZMPSsC

ZMES

PCSH
WESUM

ZMTOT

PIPING MATERIAL MASS, KG
PUME MATERIAL MASS, K&
PROPELLANT FLED SYSTEM MASS, KG

CONVEERSENT NOZZLE SYSTEY M25S, KG

COOLED PORTION DIVERGENT NOZZLE
MASS, KG
UNCONLED NOZZLE SKIRI MRSS, KG

TOTAL NOZZLE MASS, KG
INSTRUKENIS AND CONIROLS MASS, K3
VLLVES AND ACTIUATORS MASS, KG
THPUST AND GINBAL ASSEMBLY

FASS, K3

SUPPORZ PLRTE MRESES, KG
INSULATION AND DUCIING MASS, KG
CTHER HARDWEIRE MPSS, KG
PERIPHERAL STr.UCTUPE MASS, KG
FUEL ELEMENT MA5S5, KG

CGCRE STRUCTUnk MASS, KRG

SIDE REFLECTOR MRSS, KG

INTERNAL (FEONT) SHIELD MRSS, KG
PEESSURE VESSEL KASS, KG

TOTAL REACTOR MASS, KG

ENGINE MASS, KS
PEESSURE VESSEL SYSTEN
PIPING MASS, K&
PRESSURE VESSEL
FLN MA5S, KG
PRESSURE VESSEL COOLANT
EADIATOR MASS, KG

PEESSURE VESSEL COOLANIT
MASS, KG

COOLANT
COOLANT SYSTEM
SYISTEM

SYSTEM

ENGINE SYSTEM MASS, KG

POWER CONVERSION SYSTEM
TOTAL RADIATOR MASS, KG

MARSS, KG

TOTAL SYSTEM MASS, KG

D-7

07/13/76

SPACE POWER/PROPULSION SYSTEXM

70

PAGE 5 OF 5

11.07935
4,64085
15.72021

73.46599
113.322417
66.67122
253. 46062

142.25078
115.2695¢6

44.58713
91.19423
36.41200
127.60€623
93.95287
B26.44141
295.8378¢9
433.33032
202.13800
95.18042
1674.48682

2245.77490

11.07935
2.58221
6.99318

20.65573

2266.,43042

328.09912
685.u41382

3279.94336

.




THZ RERCSPACE SYSTEMS LABORATORY
PRINCETON UNIVERSITY

07/13/76

DUAZL MO2DE SOLID CORL NUCLEAR SPACE POWER/PROPULSION SYSTEM

NUROC3A CODz ENGINE NUMBER =
POWLR CCNVERSION SYSTEM/RADIATOR OUTPUT DATA

BRAYTON CYCLE DATA

QE PCWER PLANT OUTPUT, MWE

QHPPHM HEAT PIPE POWER, MWT

X TEFPEPATURE FATIO

TB1 COMPRESSOR INLET TEMPERATURE, K
TE2D KEGENERATOR INLET TEMPERARTURE

(hIGH PRESSURE SIDE), K

T31p FEAT EXCHANGEF INLET TEMPERATUFE, X
TSUBY TURPINE INLET TEMPERATURE, K
TB5D REGENERATOR INLET TEMPERATURE
(LO¥ PRESSUREZ SIDE), K
TEED FADIATOR IKLET TEMPERATUPRE, K

ETRAS SYSTEM EFFICIENCY
ETACY CYCIE EPFICIENCY

JRIZENTATION

70

PAGE 1 OF 1

0.10000
0.40164
0.33000
527.99976

706.68628

1216.63330
1600.00000

1317.86084
737.24487
0.24898
0.33087

NO}=C2RIFNTEL ¥FLAT PLANE EADIATORS WITH HEAT PIPE EXTENSIONS

20 FEZOBABILITY OF NON-RUPTUPE

PRIMARY RADIRTCR

RSP EEDUNDANCY

QSUBP HEAT REJECTiON, MWT

TBES (1) FEAN TEMPERLTURE, K

TSI (1) SINK TEMPERATURE, K

ATI (1) EEAT TRANSFEn RAREA, M*x*2
W3II (1) FASS, KG

AUAILIARY REDIATOX

RS2 PEDUNDANCY

QSUL:? EE2AT REJECIION, MWT

TBES (2) MEAN TEMPERLTURE, K

TSI (2) SINR TEMPEKATUAE, K

ATI(2) HEEAT TRANSFEn AREA, M*x2

WRI(2) ¥2SS, KG

SUMMARY

ATO TOTRAL RADIATOR SURFACE AREA, M*¥2
WRSONM TOTAL RADIATOR MASS, KG

PCSK

POWER CONVEESION %}STEH MASS, KG
D-

0.99000

0.28000
0.26875
606.57080
287.2646€5

70.32674
366.89502

0.28000
0.02960
392.69678
287.26U65
61.05392
318.51880

131.38066
685.41382
328.09912

(¢ -
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THE LEROSPACE SYSTEMS LABORATORY
PRINCLTON UNIVERSITY

07/13/76

DUAL MODE SCLID CORE NUZCIEAR SPACE POWER/PROPULSION SYSTE™
NUROCC32 CODE ENGINE NOUMBEKR = 70

PERFOPMANCE PAPAMETERS - SPECIFIC MAS53, SPECIFIC THRUST PASE 1 OF 1

SPECIFIC MASS CATA

SPMGEN (POWEER SYSTEM MASS + RADIATOR MASS)
/ POWER PLANT OUTPUT , KG/KWE 10.13%14
SPMMT TCTAL S5YSTeEM MASS / POWER PLANT
00TPUT , KG/KWE 32.79947
SPMKIN TOTAL SYSTEM MASS / EXHAUST KINETIC
ENERGY, KG/KW¥X 0.00001

SPECIFIC THFUST DT

SPTENG TERUST / TOTAL ENGINE MASS, NT/KG 22.22171
SpImT THRUST / TOIAL SYSTEM MASS, NT/KG 15.35514
D-9
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THE AE20SPACE SYSTEMS LABORATORY
PRINCETON UNIVEPSITY

. Maximum SPTMT
@QE=500 KWe

07/13/7¢

DUXZL HKODE SCIID CORE NUCLEAR SPACE POWEK/PROPULSION SYSTEW
NUERCC3a CODE ENGINE NOMBER = 71

LIST OF INPOUOT PRRAMETERS PAGE 1 OF 2

RERCTCE COFE PARAMETEES AND CONSTRAINTS

13 TEaCTOR AREAL, M**2 0.58820
CHY FUEL ELEMENT HEX-FLAT DIMEN-

SIJK, CHM 4.00000
cL CORE LENGTH, M 0.88500
CLRC TOTAL REACTOR CYLINDRICAL

LENGTH, % 1.52400
DCC CORE COOLANT PASSAGE DIAMETER, CM 0. 30000
IFUCL UFANIU™ PUEL ISOTOPE U - 233
RC COXE 3ADIUS, ¥ 0.24429
P FPEFLECTOR IHICKNESS, M 0.14695
ZNEW MU'KRER O% PROPELLANT PASSAGE3 PE:

FI'21 ELcMEKNT €0.00000
HE2T PIPEZ PITAVETERS AND CONSTRAINTS
HTCup HEAT TRANSFEx COEFFICIENT, HEAT

PIPE SOLID/SOLID,WI/CM*%2 K 0.10000
3z TADIUS OF HEAT PIPE INNER

CAVITY, CH 0.0
RO FADIUS OF HEAT PIPE, CHM 2.50000
THE4AX FLYIMU% HEAT PIPE MATEFIRL TEMP-

ERATURE, K 1800.00000
TI THICKNESS OF HEAT PIPE INNER

WALL, CM 0.0
TOS THICKNESS OF OUTER SKIN, CM 0.10000
TOW THICKNESS OF HEAT PIPE WICK, CM 0.50000
VLPLT LATENT HEAT OF VAPORIZATION OF

HEAT PIPE FLUID, MEGAJOULES 1,96400
W FRACTION OF WICK VOLUME OCCUPIED

RY LIQUID 0.9€000

D-10
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THE AEROSPACE SYSTEMS LABORATORY
PRINCEICN UNIVERSITY

07/13/76

DUAL MCLPE SOLIL CORE NUCLEAR SPACE POWER/PROPULSION SYSTE¥
KUROC3A CODE ENGINE NUMBER = 71

LIST OF INPUT PARAMETERS PAGE 2 OF 2

NOZZ1LEF RNL PEOPULSIVE PARAMETERS

ANC NC7ZLE CCOLING JACKET 2RER, M*%2 0.50000
ENCZ KCZZLE SURF4CE AREA, M**2 0.7000C
AXATIO NOZZLE EXIT TO THROAT AREA RATIO 200.00000
ETEKN NOZZLE EFFICIENCY 0.97000

+3

EMPEPATUXE PND PRESSURZ CONSTRAINTS AND PAKAMETERS

P STAGHATION PRESSURE IN CHAMBER,

N/CM**2 300,00000
PTNK PRESSURE IM PROPELLANT TANK,

h/CHx%2 13.80000
~C TOTAL CORE EXIT TEMPERATURE, K 2700.00000
“hM2X MPXIMNUM PEEMISSIBLE CORE MATERIAL

TEMFERATURE, K 3600.00000
TRMEX YAXTMUY PERIMISSIBLE COOLING

CHANNEL WALL TEMFERATURE, K 3500.00000
ZMXRJ MECh NUMBEF IK CONDUIT 0.65000

PAofSUIE SWELL PARAMELERS

DMPE FPESSURE SHELL COOLANI MASS FLOW,

KG/SEC 0.30000
TPSZ TENMPERATURE OF COOLANT ENTERING

PRESSURE SFELL, K 200.00000
TRT TEMPERATURE OF PREESSURE SHELL

WALI, K 800.00000

MISSICN DESCRIPTION

MSNAME DESTINARTION KARS
IORE MISSION AN ORBITER
TIMM TRIP TIME, DAYS 125.00000
TINKP POWEZED TIXE AT DESTINATION, S 0.9
TTH™ RRTIO OF THPJUSTING TIKE

TO PISSIJN DIKATION 0.0
CcoQ FRTIO OF REACTOR POWEE DUPING

COAST PHASE TO PULL POWEK 0.10000
PQ FRATIO OF REACTOR POWER AT

PLANET TO FULL PCWER 1.00000

D-11



THBE AEROSPACE SYSTEMS LABORATORY
PRINCETION UNIVERSITY

07/13/76

DUAL MOD: SCLID CORE NUCLEARK SPACE POWER/PROPULSION SYSTEM

PLOPULSIVE

RUROC3A CODE ENGINE NUMBER =

LND POW#WE2 MODE OUTPUT PARAMETERS

OVEFAI1l DATA SUMMARY

PxQOPUI SIVE FKODE

CrZI7T

D™
4
FLX™BX

oC
QuP
ey C
QPr
0x
QSF
VJ
var
ZrJ
POWLT MCD:
QT

QFE
QHPPM
QPs

QKPM

EFFECTIVE MULTIPLICATION FACTOR
(MUST BE GREATER THAN 1)

¥ASS FLOW, HYDROGEN, KG/S

THEUST, KILONEWTONS

¥2LXIMUM ALLOWABLE HEAT PIPE POWER
FLUX, MWT

CCRE POWEEK REMOVED BY COOLANT,
EEAT PIPE POWER, MWT
NOZZLE TOOLANT JACKET
PUME POWER, MWT

TOTAL REACIOR POWEFR, MWT

SIDE RFFLECTOR POWER, MWT
VELOCITY OP EXHAUST JET, M/SEC
FFPECTIVE JET VELOCITY , M/SEC
¥RCH NUMBER AT THE NOZZLE EXIT

L 1LY

POWER, MWT

LLECTRIC POWEF, MWE

FAN ELECTRIC POWEkK, MWE

HERT PIPE POWER IN PORER MODE,
PRESSURE SHELL GASEOUS COOLANT
POWER, MWT

TOTAL REACTOR POWER IN POWER
MODE, MWT

POWER CONVERSION SYSTEM EPFI-
CIENCY

MWT

D-12

71

PAGE 1 OF 5

2.35994
5.74238
50.39543

22.35452
237.83322
2.1€€61
30.00000
0.54733
250.00000
9.99599
8809,33203
8776.05078
6.84650

0.50000
0.05409
1.85192
0.09983
1.95175

0.26999



THE AEROSPACE SYSTEMS LABOJRATORY

PaINCETON DONIVERSITY

07/13/70

DUAL MCILE SCLID CORE NUCLEAR SPACE POWER/PROPULSION SYSTEN

NUROC32 COWE ENGINE NUMBER

PROFULSIVE BXD POWER MODE OUTPUT PARAMETERS

STETE FCINT

" PrRCPULSIVL

TNE

WMz XY

AN -

TH?

pPC>

PXC

PP

DELPC
DEIPSF

DELPKC

PNE

DATA
MODE

TOTAL IEMPERLTURE AT THE NOZZLE
ENTRANCE, K

TOTAL TEMPERATURE AT THE CORE
ENTPANCE, K

TOTAL TEMPERATURE AT THE SIDE
FEPLECIJR EXIT, K

TOTAL TEMPERRTURE AT THE COOLANT
JACKET EXTT, K

TCTAL TEMPERATURE AT THE PUMP
EXIT, K

STATIC TEMPERATURE AT THE NOZZLE
FXIT, X

ACTUAL COOLING WALL MAXIMUX TENMP-
EFATURE, K

ACTUAL MAXIMUM CORE MATERIAL
TE¥PEEATURE, K

FEAT PIPE MATERIAL TEMPERRTURE, K

TCTEL PRESSURE AT THE CORE IN-
LET, N/CM*%2
PRESSURE AT THE COOLANT JACKET
EXIT, N/CM*%x2
I0TAL PRESSURE AT PUMP EXIT
K/CH*x*2
CORE PRESSURE DROP, N/CH*%2
SZDE REFLECTORk PRESSURE DROP,
N/CH*x%2
KOZZLE COOJOLANI PASSAGE PRESSURE
DEOP, N/CHM*%*2

TATIC PRESSURE AT THE NOZZLE
EXIT, N/CHM*x)

D-13

71

PRGE 2 OF 5

2616.94385
218.2067S
218.20679
113.85€70

29.21012
307.640€3

2873.53320

2951.47021

1700.00000
381.13232
415.23145

456.02417
81.13239

34.09918
40.79269

0.04384
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THE AEROSPACE SYSTENS L2BORATORY
PEINCEICN UNIVEFSITY

07/13/76

DUAL MODE SOLID CORE NUCLEAR SPACE POWEx/PRIPULSION SYSTEM
NUROCC3A CODE ENGINE NUMBER = 71

PROPULSIVE ANKD POWER MODE OUTFPUT PARAMETERS PAGE 3 QOF 5

STATE POIXT DATA (COTINJED)

POWF: ¥CDL
Tpso TEMEERATURE OF THE CGOLANT LEAV-

ING THE PRESSURE SHELL, K 219.95187
IpET TEMEERATURF O9F THE COOLANT LEAV-

ING THE RADIATOR, K 191.78391
UiTvARX FRXIMUM CORE FMRTEFIAL TEMPERATIJRE

IN TEE POWEXZ MODE, K 2176.84351

D-14



THE AERJISPACE SYSTEMS LABORATORY
PRINCETION UNIVERSITY

07/13/76

DULL MODE SOLID CORE NUCLEAF SPACE POWER/PROPULSION SYSTEM

NUROC3A CODE ENGINE NUMBER = 71
PROPULSIVE AND POWER MODE OUTPUT PARAMETERS PAGE 4 OF 5
STATE POINT DATA (COTINUED)
| ====-- PROPJLSIVE MODE-----|---POWER MODE~-~-|

CORE LENGTIH CCRE MATERIAL GAS PASSAGE CORE MATERTIAL

(BETEES) TEMPERATURE WALL TEMPERA- TEMPERATURE
(X) TURE, (K) (K)

0.018 363.943 339.364 2107.576
0.0%5 495.321 453,535 2117.379
0.089 642.357 582.430 2126.838
0.124 803.196 724.326 2135.813
0.1€0 968.005 876.952 2144.171
0. 196 1143.010 1038.116 2151.791
0.231 132,528 1205.441 2158.558
0.2¢7 1504.209 1376.458 2164.374
0.302 1085.076 1548.644 2169.153
0.33¢8 1862.5€1 1719.462 2172.823
€.373 2034.0456 1886.390 2175.332
C.409 2137.001 2046.967 2176.642
O.bdd 23493,0:23 2196.823 2176.733
0.48¢ 2437 .8¢€9 2239%.719 2175.604
0.57¢ 2611.490 2467.575 2173.273
0.551 2718.064 2580.506 2169.773
0.587 2806.019 2676.848 2165. 156
0.622 2874,055 2755.177 2159.489
0.€58 2921.175 2814, 344 2152.858
0.693 2946 .675 2853.465 2145.359
0.729 2950.184 2671.971 2137.103
0.7¢5 2931.650 2869.587 2128.211
0.800 2891.347 2846,350 2118.816
0.82¢4 2829.866 2802.599 2109.056
0.871 2748.116 2738.981 2099.074

D-15



THE REROSPACE SYSTEMS LABORATORY

PRINCETON UNIVERSITY

07/13/76

DURL MOLFE SCLID CORE NUCLEAR SPACE POWEQ/PROPULSION SYSTE¥

NURCC32 CODE ENGINE NUMBER

SYSTEM MASS BRERKDOWN

ZHPFS1
2Z¥PFS2
Z¥DPFS

ZVKC
ZXND

AL
ZMN

yAES
ZmMy?
VAR

Z¥S?
ZKE
ZMRO
ZMXP
ZFCF &
7MC5
Z¥SES
ZMSHD
ZV PV
ZME

ZMENG

ZMPSCF

Z¥PSCF

ZNFPSCr

ZEPSC

ZEES

PCSH
WESUONM

2r7T0T

PIPING MATERIAL MASS, KG
PUME MATERIAL MASS, KG
FFOFELLANT FEED SYSTEM MASS, KG

CCNVERGZENT NGZZLE SYSTEM MASS, KG
CCO1ED PORTION DIVERGENT NOZZLE
MASS, KG

UNCCOLED NOZZLE SKIRT MASS, KG
TOTAL NOZZLE MASS, KG

TNSTRUMENTS AKD COUNTROLS MASS, KG
VALVES AND ACTUATOFS MASS, KG
THRUST AND GIMBAL ASSEMBLY

MASS, KG

SUTPPORT PLATE M2SS, KG
INSULATION AND DUCTING MASS, KG
O1HEF HARDWARE M2S5S5, KG
PERIPHERRL SIFUCTURE MASS, KG
FUEL ELEMENT PFASS, Ko

CORE SIRUTIURE MESS, KG

SIDE REFLECTOF MESS, KG

INTERNAL (FROMNT) SHIELD MRSS, KG
PRESSUFE VLSSEL MASS, KG

TOTAL REACTOR MASS, KG

ENGTNE MARSS, KG

PRESSUFE VESSEL COOLANT SYSTEM
PIPING MASS, KG

PRESSUKE VESSEL COOLANT SYSTEM
FAN MASS, KG

PEESSUFE VESSEL CCOLANT SYSTEM
PLDIATOR MASS, KG

PRESSURE VESSEL COOLANT SYSTEM
¥ASS, KG

ENGINE SYSTEM MASS, KG

PORER CONVERSION SYSTEM HMASS, KG
TOTAL RADIATOR MASS, KG

TOTAL SYSTEM MASS, KG

D-16

71
PAGE 5 QF 5
11.08957
4.64276
15.73233
73.46526
113.32341
66.71283
253.50150

142.25079
115.37590

44.59134
91.22867
36.42142
127.65009
93.95287
426.44141
285,.83789
433.33032
202.13800
95.20451
1674.55444

22u46.00610

11.08857
2.58427
28.36049
42.03433
2288.0u4028

1640.49854
2783.59033

6712.128MN
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THE AEROSPACE SYSTEMS LABORARTOKRY
PRINCETON UNIVERSITY

07/13/76

DUR1 MCDE SOLYD CORE NOCLEAER SPACE POWEX/PROPULSION SYSTE¥
RUPOC32 CODZ ENGINE NUMBER = 71

PCWEE CONVERSIGCN SYSTEM/FADIATOE OUTPUT DAT2 PAGE 1 OF 1

BRAYTCN CYCLE LCAT:

QE POWER PLANT OUTIPUI, MWE €.50000
QHPPNM REAT PIPE POWER, MWT 1.85192
X TEMPERRIURE RATIC 0.33000
TR1 COMFRESSOR INLET TEMPERATURE, K 527.99576
TB2P REGENERATOR INLET TEMPERATURE

(HIGH PRESSURE SIDZE), K 706.68628
TB2P HERT EYXCHRNGZR INLET TEMPERATURE, K 1216.63330
TSCDM TUPPINz IKLET TEMPERATURE, K 1600.00000
TRSP FEGENERATOR INLET TEMPERATURE

(LOK PPESSORE SIDE), K 1217.86084
TBEP FEDIATOF INLET TEMPERATURE, K 737.24u87
ETAS SYSTEM EFFICIENCY 0.26959
ETACY CYCIE EFFICIENCY 0.33087
ORZENTRTICON

NON-QORIENTED PLET PLANE FRDTATORS WITH HEAT PIPE EXTENSIOVNS
PO PEOEABILITY OJF XNJUN-RUPTURE 6.99C0¢0C

PRIMAREY PADIRATCE

ESP BREDUNDANCY 0.28000
QSUBP HEAT REJECTION, HMWT 1.23%17
TRES (1) MEAN TEMPERATUPE, K 606.57080
TSI (1) SINEK TEMPERAZIURE, K 287.26465
ATI () HEAT TEANSFER ARER, M*%2 324.27124
WRI (1) MASS, KRG 1691.72681

AUXILIARY EADIATOE

RSA REDUNDANCY 0.28000
QSUBA HEAT REJECTION, MWT 0.10147
TBES (2) MELN TEMPERATURE, K 392.69678
TSI (2) SINK TEMPERATURE, K 2B7.26465
ATI(2) HEAT TRANSPER AREA, M%%2 209.28912
WRI(2) M2SS, KG 1091.86353
SUMMAEY

ATO TOTAL RADIATOR SURFACE AREA, M*#2 533.56030
WRSUK TOTAL RADIATOR MASS, KG 2783.59033
PCSHM POWEF CONVERSION SYSTEM MASS, KG 1640.49854

D-17
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THE REFOSPACE SYSTEMS 1ABORATORY
PRINCETON UKNIVERSITY

07/13/76

DUAL MODE SOLIC COXE NUZLERAR SPACE POWER/PROPULSION SYSTEM

NUPCC3A CODE ENGINE NUMBER = 71

PEREFOFPMANCE PARAMETERS - SPECIPIC MASS, SPECIFIC THEUST PAGE 1

SPECIFIC MASS LATR

SPMGEN (PCWEFE SYSTFM MASS + RLDIATOR MASS)
s POWEER PILANT OUTPUT , KS5/KWE
SPMNT TCTRL SYSTEK MASS / POWER PLANT
0UTPUT , KG/KWE
SPMKIN TCTAL SYSTEM MASS / EXHAUST KINETIC

ENERGY, KG/KWM
SPECIFIC THFPUST DATA

SPTENG THPUST / TITAL ENGINE MATS, NTI/KG
SPTMT THRUST / TOTAL SYSTEM MASS, NT/KG

D-18

g.8u817
13.42426

0.00003

22.02559
7.50812
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Maximum VJE THE AEROSPACE SYSTEMS LABORATORY
PRINCEZCN UNIVERSITY
07/13/76
DUAL FMCCE SCLID CORE NUCLEAF SPACZ POWER/PROPULSION SYSTE™
NUROZ3%L CODE ENGINE NUMBER = 217
LIST OF INDPUT PARAMETERS PAGE 1 OF 2
PEACTCF CCRE PARAMETEES AND CONSTRAINTS
Ax KEACTOR RAREL, M**2 0.58820
chny FJEL ELEMZNT HEX-FLAT DIMEN-
SION, CHM 4.00000
cL CORE LENGTH, M 0.88900
CL?C "OTAL REACTOR CYLIFDRICAL
1ENGTH, M 1.52400
pce COFE COOLANT PASSAGE DIAMETER, C™ 0.30000
IFTUTL "RLNIUN FUEL ISOTOPE U - 233
®C CHORE RADIUS, M 0.24429
20 *EPLECTOIR THICKNESS, K 0.14696
ZY¥ 4k NUMBER OF PROFELLANT PASSAGES PER
FUEL ELEMENI 60.00000

HE2T PZPL PATAMETEPS AND CONSTRRINTS

HTCH? FELT TRANSFE? COEFFICIENT, HEAT

PIPE S50LID/SOLID,WI/CM*%*2 K 0.10000
K- FLDIUS OF HER2T PLPi IMNER

CAVITY, CHM 0.0
PO RXADIUS OJF HEAT PiPzZ, CHM 2.50000
THPFLEX MAXIMUM HEAT FPIPx MATEFIRL TEMP-

ERATURE, K 1800.00000
T THICKNESS OF HERT PIPE INNER

Wirl1, CH 0.0
TOS THICKNESS OF OCUTEP SKIN, CHM 0.10000
TOW THICKNESS OF HEAT PIPE WICK, CWM 0.50000
VaPLIT LATENT HEAT OF VAPORIZRTION OF

HEART PIPE FLUID, MEGAJCULES 1.96400
W FEACTION OF WICK VOLUME OCCUPIED

BY 1IQUID 0.90000

D-19




THE AEROSPACE SYSTEMS LABORATORY
PRINCETON UNIVERSITY

07/13/76

DU21 MODE SOLID CORE NUCIEARR SPACE POWER/PROPULSION SYSTIEM

PRPQOPULSIVE AND POWER MODE OUTPUT

NURCC3A CODE

PARAMETERS

OVEFARLL DRTR SUEKMRARY

PFOFJLSIVE KJDE

C

-
.

Pl

D™
F
PLYVAYX

oC
PQHY
ONT
oP
QX
QSF
V2
va E
YA

POWLR

¥ODo

EFPECTIVE MULTIPLICATION FACTOR
(WUST BEZ GREATER THAN 1)

2SS PLOW, HYDROGEN, KG/S

THRUST, KILONEWTONS

MLXTMU¥ ALLOWLBLE HEAT PIPE POWEF
FLUX, MWT

CORE POIWER FEMOVED BY COOLANT,
HEAT PIPE POWER, MWT

MOZZLE COOLANT JACKET POWER,
PUMP POWER, MWT

TOTAL REACTCE POWEF, MWT
SIDi REPLECTCP PGWER, MWT
VELOCITY OF EXHAUST JET, M/SEC
EFFECTIVE J2T VELOCITY , M/SEC
MACH NUMBEE 4T THE NOZZLE EXIT

MWZ

MWT

ELECTKIC PUWEP, MWE

FAN ELECTRIC POWER, MWE

HEAT PIPE POWER IN POWER MODE,
PFES3URE SHZLL GASEOUS COOLANT
POWER, MAT

TOTAEL REACTOR POWER IN POWER
MODE, MWT

POWER CONVERSION SYSTEM EFPI-
CIBNCY

HWT

D-20

ENGINE NUMBER =

217

PAGE 1 OF 5

2.3599¢
4.71107
45.41530

22.35452
235.81877
4.18107
20.00000
0.43406
250.00000
$.99¢99
8775.67188
9640.25000
6.84950

0.100600
0.05409
0.28858
0.07805
0.36€63

0.34652
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THE ABRCSPACE SYSTEMS LABORATORY
PRINCETON UNIVERSITY

07,13/7¢

DUARL MODE SNOLID CORE NUCLEARR SPACE POWER/PRIOPULSICN SYSTEM
NUFOT3A CODE ENGINE NUMBER = 217

PFOPULSIVE 2ND POWER MJODE OUTPUT PARAMETEPS PRGE 2 OF 5

STETE POIKNT D2TA

PP JDPJI SIVE MODE

TCZ TCTIRAL TEYPEZATURE AT THE NOZZLE

ENTRANCE, K 3157.71338
FROD S TCTAL TEZMPERATURE AT THE CORE

ENTFANCE, K 298,42285
TSE TCTRL TEMPERATURE AT THE SIDE

AEFLECTOR EXIT, K 298,42285
TKRC TCTLL TEMPEEATURE AT THE COCLANT

JACKET EXIT, K 171.13972
P TOT2L TEMPERATURE AT THE PUMP

EXI7, ¥ 29.08973
TNE STLIIC TEZMPERATURE AT THE NOZZLE

FXIT, K 371.21191
WIprex ACTUal COOJLING WRALL MAXIMUN TENP-

ERATURE, K 3u94,76001
Z¥7TrAY LCTUAL MAXIMJ¥ CORE MATEPIAL

TL¥FERATIRE, K 3568.99854
TED REAT PIPE MATFRIAL TEMPERATURE, K 1800.00000
PCZ T0TAL PRESSYRE AT THE CORE IN-

LET, N/CM*%x. 368.31909
PNC PRESSURE AT THE COOLANT JACKET

EXIT, N/CM*x%2 401.80835
PP TCTAL PRESSUXE AT PUMP EXIT

N/CH%%x2 441,28247
DELFPC CORKE PRESSUKEZ DROP, N/CN**2 66.31918
DELPSF SIDE REFLECTOR PRESSURE DROP,

N/CM*%x2 33.48940
DELFNC NOZZLE COOLANT PASSAGE PRESSURE

DROP, N/CM*x? 39.47398
PNE STATIC PRESSURE AT THE NOZZLE

EXIT, N/CM**2 0.0u384

D-21




THE AERQCSPACE SYSTEMS LABORATORY
PRINCETON UNIVERSITY

07/13/76

DUAL MODE SOLIL CORE NUCLEAR SPRCE POWER/PROPULSION SYSTEN
NUROC3A CODE ENGINE NUMBER = 217

PROPULSIVE AND POWER MODE OUTPUT PARAMETERS PAGE 3 OF 5

STATE POINT DATA (COTINUED)

POWER MODE

TPSO TEMPERATJRE OF THE COOLANT LEAV-

ING THE PRESSURE SHELL, K 215.59998
TPSR TEMFERATURE OFP THE COOLANT LEAV-

ING THE RADIATOR, K 191.78291
TMPMEX MAXIMUM COFE MATEPIAL TEMPERATURE

IN THE POWLEE MODL, K 1858.72192

D-22




. THE AEROSPACE SYSTEMS LABORATORY
PoINCEICN UNIVERSITY

07/13/76

DUAL ™MODE SOLID CORE NUCLEAR SPACE POWER/PROPULSIOKR SYSTEW
NUROC3a CODZE ENGINE NUMBER = 217

PROPULSIVE AND POWER MODE OUTPUT PARAMETERS PAGE 4 OF 5
STATE POIXT DATA (COTINUED)

= PROPULSIVE MODr-—---- }===-POWER MODE---|
CCRE “ATEERIAL G&S

COP:2 LENGTH PASSAGE CORE MATERIAL

(METERS) TEMPERATURE  WALL TEMPERA- TEMPERATURE
(K) TURE, (K) (K)
0.018 464.093 439.722 1847,928
0.053 616,041 574.014 1849.456
0.089 785.382 726.319 1850.930
0.1z 969.618 894.390 1852.228
0.1€0 11656.032 1075.750 1853. 631
0.196 1371.726 1267.721 1854.818
0.221 1583.6€7 1467.473 1855.673
0.2¢7 1798.728 1672.058 1856.779
0.302 2013.736 1878. 459 1857.523
0.338 2225.521 2083.634 1858. 095
0.373 2430.958 2284.553 1858.486
0.409 2627.016 2478,252 1858.€90
0.454 2810.807 2661.879 1858.705
0.480 2979.615 2832.719 1858.529
0.5%6 3130.952 2988.255 1858.166
.551 3262.586 3126.194 1857.620
0.587 3372.575 3244.499 1856.901
0.622 3459.297 3341.426 1856.018
0.653 3521.473 3415.546 1854.984
0.693 3558.181 3465.760 1853.816
0.729 3568.888 3491.337 1852.529
0.765 3553.432 3491.895 1851. 144
0.800 3512.036 3467.420 1849.680
0.835 3645.319 3418.282 1848.159
0.871 3354.260 3345.202 1846.603
® D-23
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THE AEROSPACE SYSTEMS LABORATORY
PRINZETON OUNIVEESITY

07/13/76
DUOAL MODE SOLID CORE NUCLEAR SPACE POWER/PROPULSICN SYSTEM
NUROC3% CODE ENGINE NUMBER = 217
SYSTEM MASS BREAKDOWNXN PAGE 5 OF 5
ZMPFS1 PIPING MATERXRIRL MASS, KG 8.24039
ZMPPS2 PUMF MATERIAL MASS, KG 4.06871
ZEPFS PROFELLANT FEED SYSTEM ™MAS5S, KG 12.30910
ZEAC CCNVERGENT NOZZLE SYSTEX MASS, KG 73.58330
ZMND CCGOLED PORTION DIVERGENT NOZZLE
MASS, KG 113.32341
ZMS DNCCOLED ROZZLE SKIRT MASS, KG 60.12016
Z¥N TOTAL NJZZLE MASS, KG 247.02687
ZMIC INSTRUMZINTS AND CCNIROLS MRSS, KG 142.25073
ZMva VALVES AND ACTUATOERS KASS, KG 85.73299
ZMTS THEUST AND GI¥BAL ASSEMBLY
MASS, KG 43.65543
ZMS?P SUPPOR™ PLATE MASS, KG 86.14857
yA.34 INSULRTION AND DUCTING MASS, KG 33.67212
ZMRO OTHExX HARDWARE MASS, KG 119.82069
ZYRP PERIPHERAL STIPUCTURE MASS, KG 93.95287
ZECFE FUEL ELEMENT MASS, K35 426.44141
ZMCS COKE STRUCTURE MRASS, KG 295.,83789
ZMS5RS SIDE REFLECTOR MASS, KG 433.33032
ZM3HD INTERNAL (FEOXT) SHInLD MASS, KG 202.13800
AR PrESSURZ VESSEL MASS5, KG 92.1268y
ZME TOTAL REACTJIR MASS, KG 1663.64746
ZM ENG ENGINE MASS, KG 2194.62256
Z¥PSCP PRESSURE VESSEL COOLANT SYSTEM
PIPING M¥ASS, KG 8.24039
ZMPSCP PRESSURE VESSEL COOLANT SYSTEX
FAN EASS, K5 2.26474
ZMPSCR PRESSURE VESSEL COOLANT SYSTEM
RADIATOR MASS, KG 5.32748
ZuPSsC PRESSURE VESSEL COOLANT SYSTEM
MASS, KG 15.83261
ZMES ENGINE SYSIEM MASS, KG 2210.45508
PCSH POWER CONVERSION SYSTEM MASS, KG 112.99979
WRSUM TOTAL RADIATOFR M2SS, KG 2904.65234
Z¥T0T TOTAL SYSTE™M MASS, KG 5228.10547

D-24
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THE BPEROSPACE SYSTEMS LABORATOPY
PRINCETON UNIVERSITY

07/13/76

JLIL CORE NUCLEAR SPACE POWER/PRIPULSION SYSTEM
NUEROC3k CODE ENSINE NUMBER = 217

POWZR CONVEERSION SYSTE4/FADIATOR OUTIPUT DATA PAGE 1 OF 1

BTAYION CYCLE DATaA

DE
QHPDY
X

TB1
TBZY®

~82p
ITS5U3N
TBEP

TBEP
ETAS

RCY

b

QRIENTRATION

POWEX PLANT OUTPUT, MWE 0.10000
HEAT PIPE POWEER, MWT 0.28858
TEMEERATURE RATIO 0.25000
COMERESSOR INLET TEMPEPATURE, K 325.00000
REGENERATOR INLET TEMPERATURE

(HIGH PRESSUKE SIDE), K 456.83404
HedT EXCHANGEF INLET TEMPERATURE, K 956.€3354
TTTREINE INLET TEKPERATURE, K 1300.60000
PEGENERATOR INLET TEMPERATUFE

(LOW PSESSUREZ SIDa&), K 1031.02979
FADIATOR INLET TEMPERATUEKE, K 485.60083
SYSTEN EFFICIENCY 0.34652
CYCLE EFFICIERCY 0.46049

NON-ORIENTED FIAT PLANE FADIATORS WITH HEAT PIPE EXTENSIONS

PO

PROBABTLITY OF NON-RUPIURE 0.99000

PrnIT¥dARY RADIATCOR

RSP
QsuUBpP
TBES (1)
T5I(1)

AT (1)
WRI (T

AUXILIARY B

RSA
QSUB2A
TBES (2)
TSI (2)
ATT (2)
#RI (2)

SUMMARY
270

WRSOM
PCSN

REDUNDANCY 0.28000
HEAT REJECTION, HMWT 0.15569
MEAN TEMPERATURE, K 366.64160
SINK TEMPERATURE, K 287.26465
HEAT THANSPER RREA, M**2 495,71167
MASS5, KG 2586.13354
ADIATOP

REDUNDANCY 0.28000
HEERT REJEZTION, MWT 0.02960
MEAN TEMPEFATURE, K 392.69678
SINK TEMPERATURE, K 287.26465
HEAT TRANSFEF ARER, MN¥*2 61.05392
MASS, XG 318.518¢80
TOTRL RADIATOR SURFACE AREA, N*x*x 556.76538
TOTAL RADIATOR MASS, KG 2904.65234

POWER CONVERSION S%ngn MASS, KG 112.99979

L}
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TPE AEROSPACE SYSTEKS LABORATORY
PRINCETZON UNIVERSITY

07/13/76

DUAL MODZE SCIIL CORE NUCLEAR SPACE POWER/PROPULSION SYSTEM™
NJROC3: CODE ENGINE NOUMBER = 217

PERFOEMANCE PAFRAMETERS - SPECIF®FIC MASS, SPECIPIC TBRUST PAGE 1 OF 1

SPECIFIC MASS DATA

SOHMGEN (POWER SYSTEM MASS + RADIATOR MASS)
/ POWRR PLANT OUIPUT , KG/KWE 30.17654

SPMAT TOTREL SYSTEM MASS / POWER PLANT

OUTPUT , KG/EKWE 52.28111
SPMRIN TOTRL SYSTEY MASS / EXHAUST KINETT

ENERGY, KG/RKWHM 0.00002
SPECIFIC THRUST D27TA
SPTENG THRUST / TOTAL ENGINE MASS, NT/KG 20.54567
SPTMT THRUST / TOTRI SYSTEM MASS, NT/KG 8.68B676

D-26
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THE REIOSPACE SYSTEMS LABORATORY

PXINCETON UNIVEERSITY

07/13/76

DURL MODE SCIID CORE WITCLEAF SPACE POWER/PROPULSICN SYSTEM

KUPOC32 CODE ENGINE NUMBER

LIST OF INPUT PARAMETEPS

REACTOER CCRE PARAMLZTERS AND CONSTRAINTS

4R
CHX

CL
CLFC

DCC
IFUEL
RC

T m
a

ZNHhH
HEAT
HTCHP
RI

rO
THPMAX

TI
T0S

T0W
VAPLT

FEACTOR AREXZ, M**2

PUEI ELEMENT HEX-FLAT DIMEN-
SI0N, CHM

CORE LENGTH, ¥

TOTAL KEACIOR CYLINDRICAL
LENGTH, ¥
CORE CODJLANC
UPANIONM PIEL ISOTOPE
CORE RADIUS, ¥
REFLECTIOP THICKNESS, M
NUMBER OF PrOPELLENT
FUEL ELEMENT

PIFE PRFAMETERS AND CONSTRAINTS

HEATI TPANSFPEF COEFFICIENT,
PIPE SOLID/SOLID,WI/CM*x*2 K
ZEDIUS OF HEAT PIPE INNER
CRVITY, CHM

raADIUS OF HEAT PIPE, CHM
MRXIMUM HEAT PIPE MATERIAL TEMP-
ERATURE, K

TEICKNESS OF HEAT PIPE IFNER
WALL, CHM

THICKNESS OF CUTEE SKIN, CM
THICKNESS OF HEAT PIPE WICK, CHM
LATENT HEAT OF VAPORIZATION OF
HEAT PIPE PLUID, MEGAJOULES
FRACTION OF WICK VOLUME OCCUPIED
BY 1IQUID

HEAT

D-27

PASSAGE DIAMETER, CH

PLSSEGES PER

232

PAG

18

E 1 0F 2

0.58820

4.,00000
0.88900

1.52400
0.30000
U - 233
0.24429
0.14696

60.00000

0.10000

0.0
2.50000

00.00000
0.0
0.10000
0.50000
1.96400

0.50000



THE 2EROJSPACE SYSTENMS LABORATORY
PrRINCETON UNIVERSITY

07/13/76

DUAL MOLE SCLID CORE NUCLEAK SPRCE POWER/PROPULSICN SYSTEM
NUROC3h CODE ENGINE NUOMBER = 232

LIST OF INPOT PAFAMETERS PAGE 2 OF 2

NOZZLE AND PROPULSIVZ PAFRMETERS

ANC

NCZ7ZLE CCIJLING JACKET ARER, M*x*2 0.50000
MOZZLE STJXFACE ARER, M¥%2 0.70000
KOZZLE EXIT TC THROAT AREA RATIO 200.00000
NOZZLE EFPICIENCY 0.97000

TEX¥PEXRATUTE BNL PRESSURE CONSTRAINTS AND PARAMETERS

ARER

STAGNATION PRESSURE IN CHAMBER,

K/C M*x*2 300.00009
PEESSURE IN PROPELLANT TANK,

K /CH%AD 13.80000
TCTRL COXE EXIT TEMPEFALTURE, K 3300.00000
¥LXIMUM PERMISSIBLE CORE MATERIAL

“EXPERLTURE, K 3600. 00000
MELYXTNU% PEFMISSIBLE COOLING

CHLNKEL WALL T EMPEFATURE, K 3500.00000
MACH NTMBER IN CONDUIT 0.65000

PTECSUZE SYFLIL PArAMETERS

pMng

TpsSI

TRT

PRESSUREZ SHELL COOLANT MASS PLOW,

KG/SEC 0.30000
TEMPERATURE OF CCOLANT ENTERING

PEESSURE SHELLl, K 200.00000
TEMPERATURE OF PRESSUFL SHELL

WALL, K 800.00000

KZSSICY DESCRIPTION

MSHIME
IORB
TIM~
TINMP
TT*

CcQ
PQ

DESTINATION EARS
MISSION AN ORBITER
TRIP TIME, DAYS 125.00000
POWERED TIME 2T DESTINATION, 5 0.0
RRTIO OF THPUSTING TIME

TO KISSION DUFATION 0.0
FATIO OF REACTOR POWEF DUPRING

COAST PHASE TO FULL POWER 0.10000
PATIO OF REACTOR POWZER AT

PLANET TO FULL POWER 1.00000

D-28
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THE BEROSPACE SYSTEMS LABORATORY
PRINCZETON UNIVERSITY

NURCC3A CODE ENGINE NUMBER =

END POWER MODL OUTPUT PARAMETERS

OVEFALL DATR SUMMARY

PROPULSIVE
CkI7

D?
F
FIY~¥AY

or
QHE
oNC
oP
or
QS H
vJ
VJE
zrJ

POWER MCD:Z

QE
QFE
QEDPPM
0pS

MODE

EFPECTIVE MULTIPLICATION FACTOK
(MUST BE GREATER THAN 1)

¥2cS FLOW, HYDROGEN, KG/S

THRUST, KILONEWTONS

MAXIMUM ALLOWABLE HEAT PIPE POWER
FLUX, MWT

COFE POWER KEMOVED BY COOLANT,
HEAT PIDE POWER, MWT

XCZZLE COOLENT JACKET PCWER,
PUMP POWER, MWT

TCTAL REACIOF POWFE, MWT
SIDE REFLECTOF POWLE, MWT
VELOCITY JF EXFAUST JET, M/SEC
EFFECTIVE JEI VELOCITY , M/SEC
Y2CH NUMBEP AT THE NDZZLE EXIT

MWT

MWT

ELECTRIC POWER, MWE
FAN ELECTRIC PCWER, MWE

HEAT PIPE POWER IN POWER MODE, MWT
PFESSURZ SHELL GASEOUS COOLANT
POWER, MWT

TOTAL REACTOR POWER IN POWER

KODE, MWT

POWEF CONVERSION SYSTEM EPPI-
CIENCY

D-29

07/13/76

¥GDE SCLID CO2E NUCLEAR SPACE POWER/PROPULSION SYSTEM™
232

PAGE 1 OF 5

2.35994
4,71066
45.41295

22.35452
235.81134
4.18849
30.00000
0.43471
250.00000
9.986999
9775.8984u
9640,L47€56
6.84950

0.100600
0.05409
0.40164
0.07963
0.48126

0.24898



THE AEROSPACE SYSTEMS LABORATORY
PRINCETON UNIVEFSITY

07/13/76

DUTAL MCDE SCLID CORE NUCLEAF SPACE POWER/PROPULSION SYSTEM
NUFOC3A CODE ENGINE NUMBER = 232

PROPULSIVE LX¥D POWER MODE OUTPUT PARAMETEFRS PAGE 2 OF 5

STATE POINT DATA

PPOPULSIVE MODE

Icz TCTLL TEMPERATURE AT THE NOZZLE

ENTRANCE, K 3157.85986
TCI TOTAL TEMPERATURE AT THE CORE

ENTRANCE, K 301.84692
TSw TCTAL TEMPERATURE AT THE SIDE

REFLECTOR EXIT, K 301.84692
INC TOTAL TEMPERATURE AT THE COOLANT

JACKET EXIT, K 174.70500
TP TOTAL TEMPERATURE AT THE PUMP

EXIT, K 29.09526
TNE STRTIC TEYPERATURE AT THE NOZZLE

EXIZ, K 371.22925
WTMAX ACTURL COOLING WALL MAXIMUM TEMP-

EEATURE, K 3494,€1987
Z™M TMAX ACTUAL ™MAXIMIM COEE MATERIAL

TEMPEERTURE, K 3568.87207
THP HEET PIPE MATERIAL TEMPERATURE, K 1800.00000
PCI TCTAL PRESSUEE AT THE CORE 1IN~

LET, N/CH¥*2 368.46484
PXC PRESSURE AT THE COOLANT JACKET

EXIT, N/CH*x%x2 402.41821
PP TOTAL PRESSURE AT PUMP EXIT

N/CHx%x2 441.95215
DELPC CORE PRESSURE DROP, KN/CH**2 68.46509
DELPSF SIDE REPLECTOr PRESSUEE DROP,

N/CHx=*?2 33.95219
DELPNC NOZZLE COODLENT PASSAGE PRESSURE

DEOP, N/CM*x*x2 39.53389
PNE STATIC PRESSURE AT THE NOZZILE

EXTIT, N/CM*%x2 0.04384

D-30



THE AEROSPACE SYSTEMS LABORATORY
PRINCETON UNIVERSITY

07/13/76

DJAL MODE SOLID CORE NUCLEAR SPACE POWER/PROPULSICN SYSTEM
NUROC32 CODE ENGINE NUMBER = 232

PPOPULSIVE AND POWEEK MODE OUTPUT PARAMETERS PAGE 3 OF 5

STATE POINT DATRA (COTINUED)

POWER MODE
TPSO TEMPERATURE OF THE COCLANT LEAV-

ING THE PRESSURE SBELL, K 215.91469
TPSF TFMPERATURE OF THE COOLANT LEAV-

ING THE RADIATOR, K 191.78391
TMPMRX MELXZMO® CORE MATERIAL TEMPERATURE

IN THE POWZIR MODE, K 1881.72778

D-31
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THE BEROSPACE SYSTENS LABORATORY
PRINCETON UNIVERSITY

07/13/76

DUAL MODE SOLID CORE NUCLERR SPACE POWER/PROPULSION SYSTEM
NUFOC3R2 CODZ ENGINE NUMBER = 232

PROPUI SIVE AND POWER MODE OUTPUT PRRAMETEFS PAGE 4 OF 5
STATE POINT DATA (COTINUED)
f-—--- PROPULSIVE MODE----- |-~-POWER MODE---|

CORE LENGTH CORE MATERIAL GAS PASSAGE CORE MATERIAL

(METERS) TEMPERATUEE WALL TEMPERA- TEMPERATURE
(X) TORE, (K) (X)

0.018 467.384 La3.013 1860.706
0.0523 619.198 577.173 1868.832
0.089 783.385 729.324 1870.883
0.124 372.448 897.223 1872.829
0.160 1168.672 1078.393 1874.642
0.19% 1374.164 1270.161 1876.294
0.231 1585.8651 1469.700 1€77.762
0.267 1800.730 1674.054 1€79.024
0.302 2015.512 1880.240 1880.060
0.338 2227.072 2085.189 1880.856
0.373 2432.284 2285.8383 1881.400
0.40¢ 2623.124 2479,.3565 1881.684
0.44L 2811.705 2662.781 1881.704
0.u80 239890.317 2833.426 1881.459
0.516 3131.471 2988.779 1880.954
0.551 3262.941 3126.552 1880.194
0.587 3372.785 3244,.713 1879.193
0.622 3453.384 3341.516 1877.964
0.658 3521.4¢€0 3415.537 1876.526
0.693 3558.097 3465.680 1874.900
0.729 3568.759 3491.210 1873.109
0.765 3553.283 3491.748 1871.181
0.800 3511.898 3467.284 1863.143
0.836 3445.214 3418.179 1867.026
0.871 3354.219 33u45.162 1864.862
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PRINCETON UNIVERSITY
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DUAL MODF SOLIL COKE NUCLEAF SPACE POWER/PROPULSICN SYSTEM
NURCC3A CODE ENGINE NUMBER = 232

SYSTEY MASS BY EAKDOWN PAGE 5 OF 5

ZHPFs1 PIPING MATERIAL MASS, FG 8.23945
Z¥PFSZ PUMP MATERIAL MASS, KG 4.06851
Z¥PFS PRCPELLANT FEED SYSTEM MASS, KG 12.30796
Z¥NC COKVERGENT NOZZLE SYSTEM MASS, K3 73.58334

ZMND COJLED PORTION DIVERGENT NUZZLE
MASS, KG 113.32341
288 UNCCOLED NJZZLE SKIRT MASS5, KG 60.11708
ZMK TOTRL NOZZLE KASS, KG 247,02383
yAREY INSTRUMERTS AND CONTROLS MESS, KG 142.25079
Z¥VR VALVES AND ACTUATORS MRASS, KG 85.72325

7% 3 THRUST AND GIMBAL ARSSEMBLY

MAES, KG 43,65889
ZMSP SUPEDRT PLRTE MRASS, K6 £6.20979
M~ INSULATION AND DUCTING MASS, KG 33.67117
Z¥FO OTHER HARDWARE MASS, KG 119.88097
ZMRP PERIPHEPAL STRUCTURE MASS, KG 93.95287
ZMCFE FOFEL ELEMENT MASS, KG 426.44141
Z¥C5E CCRE STEUCTURE MASS, XG 295.83789
72%5%S STIDE REFLECTOL MnSS5, KG 433.33032
Z¥.SHLD INTERNAL (FRONT) SHIELD MASS, KG 202.13800
AN PFESSURE VESSEL MASS, KG 92.26669
ZM% TOTAL RE2CTOR MASS, KG 1663.84766
ZEING ENGINE MASS, KG 2194.81226

ZMPSCP PRESSURE VESSEL COOLANT SYSTEM
PIPING MASS, KG 8.23945

ZMPSCF FRESSURE VESSEL COOLANT SYSTEM
FAN MASS, KG 2.26U463

ZE¥PSCE PRESSURE VEZS3EL COOLANT SYSTEM
KADIATOR MASS, KG 6.99318

ZMPSC PPESSJURE VESSEL COOLANT SYSTEM
MrSsS, KG 17.49725
ZMES ENGINE SYSTEM MASS, KG 2212.30933
PCSY POWER CONVEESION SYSTEM MASS, KG 328.09912
WRSUY TOTZL RADIATOR MASS, KG 685.41382
Z¥70T TOTAL SYSTEM MASS, KG 3225.82227
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DOAL MODEz SCLID COKRE NUCLEAR SPACE POWER/PROPULSION SYSTEM

POWER CCNVE

BRAYTCN CYC

QE
QHDPH
X

TB1
TB2P

TB3®
TSURM™
TRSD
TBEP
ET2S
ETACY

OFIENTATION

NON-OZIENTED FI1ART PLANE ZRADIATOKS WITH HEAXT PIPE

PO

NUROC32 CODE ENGINE NUMBER

RSION SYSTEM/RADIATOR OUTPUT DATA
LE DRTA

POWEK PLANT JUTPUT, MWE

HEAT PIPE POWEK, MWT
TEMPERATURE RATIO

COMPKESSOR INLET TEMPERATIRE, K
FEGENERATOR INLET TEMPERATURE
(HiGHB PRESSURE SIDE), K

HEAT EXCHANGEF INLET TEMPERATURE, X

TUPRINE INLET TEMPERATURE, K
FEGENERATOR INLET TEMPERATURE
(IDW PPESSUKE SIDE), K
PADIZATIOR INLET TEFMPERATURE, K
SYSTEM EFPICIENCY

CYCLE EFFICIENCY

PROBABILITY OF NOK-RUPTULRE

PRIMAPY FRDIATOR

BSP
QSUBP
TEES (1)
TSI (1)

TI(1)
WRI(1)

AUXILIAPRY R

RSA
QSUB2
TBES (2)
TSI (2)
ATI(2)
WRI (2)

SUMMARY
AT O

WRSOHM
PCSHM

REDUNDANCY

HEAT REJECTION, MV¥T
MEAN TEMPERATURE, K
SINK TEMPERATURE, K

HEAT TRANSFER AREA, M*x2
MASS, KG

EDIATOE

EEDUNDANCY

HEAT REJECTION, MWT

MEAN TEMPERATURE, K

SINK TEMPERATURE, K

BEAT TRANSPEK ARER, M**2
MASS, KG

TOTAL RADIATOR SURFACE AREA, M*x2
TOTAL RADIATOR HMASS, KG
POWER CONVERSION S%f%ﬁﬂ BASS, KG

232

PAGE 1 OF 1

0.10000
0.40164
0.33000
527.9°9976

706.68628
1216.63330
1600.00000

1317.86084

737.24487
0.2u698
0.33087

EXTENSIONS

0.99000

0.28000
0.26875
606.57080
287.26465

70.32674
366.89502

0.28000
0.02560
392.69678
287.26465
61.05392
318.51880

131.38066
685.41382
328.09912
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THE REROSPACE SYSTEEKS LABORATORY
PRINCETON UNIVERSITY

07/13/76

DUAL MODE SCLID COFE NUCLEAE SPACE POWER/PROPULSION SYSTEM
NUROT32 CODE ENGINE NOUMBER = 232

PERFOFMANCE PARAMETERS - SPECIFPIC MASS, SPECIFIC THRUST PRGE 1 OF 1

SPECIFIC MASS DATA

SPMGEN (POWER SYSTEM MASS + RADIATOR MASS)
/ POWER PLANT OUIPUT , KG/KWE 10.13514
SEMMT TOTAL SYSTEM MASS / POWER PLANT
OOTPUT , KG/KWE 32.25826
SPHEFIN TOTAL SYSTEM MASS / EXRAUST RKINETIC
ENERGY, KG/KWM 0.00001

SPECIFIC THRUST DRTA

SPTENG THRUOST / TOTAL ENGINE MASS, NT/KS 20.52739
SPTKT THRUST / TOTAL SYSTEM MASS, NI/KG 14.07795
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THE RERJDSPACE SYSTEMS LABORATORY

PRINCETON UNIVERSITY

08/16/7¢€

DUAL MODE SOLID CORE NUCLEAK SPACE POWER/PROPULSION SYSTEM

NUROC3A CODE ENGINE NUMBER

LIST OF INPUT PARAMETERS

REACTOR CORE PARAMETERS AND CONSTRAINTS

AR
CHX

CL
CLRC

DCccC
IFUEL
RC

RT
ZNHH

REACTOR AREA, M**2

FUEL ELEMENI HEX~-FLAT DIMEN~-
SIOKN, CH

CORE LENGTH, M

TOTAL REACTIR CYLINDRICAL

1ENGTH, M

CORE COOLANT PASSAGE DIAMETER, CM
URANIUNM FUEL ISOTICPE

COKRE RADIUS, M

REFLECTOR THICKNESS, M

NUMBER OF PRDPELLANT PASSAGES PExR
FUEL ELEMANT

HEAT PIPE PRRRAMETEXS AND CONSTRAINTS

HTCHP

RI

RO
THPMRX

TI
TOS

TOW
VAPLT

BERT TRANSFER COEFFICIENT, HEAT
PIPE SOLID/SOLID,VWT/CM**2 K
FADIUS DJDF HEAT PIPE INNER
caviry, CHM

RADIUS JF HEAT PIPE, CM

PAXTIMUM HEAI PIPE MATERIRL TEMP-
ERATURE, K

THICKNESS OF HEAT PIPE INNER
WALL, CM

THICKNESS OF OQUTER SKIN, CH
THICKNESS JP HEAT PIPE WICK, CHM
LATENT HEAT OF VAPORIZATION OF
BEEAT PIPE PLUID, MEGAJOULES
FRACTION OP WICK VOLUME OCCUPIED
BY LIQUID

D-36
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0.58820

4.00000
0.88900

1.52400
0.30000
0 - 233
0.248429
0.74696

60.00000

0.10000

0.0
2.50000

1800.00000
0.0
0.10000
0.50000
1.96400

0.90000



DURL MODE S

NOZZLE AND
ANC

ANC?Z

ARPTIC

ETAN
TEMPEFATURE
pC

PTNK

~
IC

TMM? X

TWMLYX

Z¥NFJ
PPESSUFE SH
DMPE

TIPS

TRT

MISSION DES

ESK: ML
IORB
TIMM
TIMP
TTH

co
PQ

THE AEROSPACE SYSTEMS LABORATORY
PRINCETON UNIVERSITY

08/16/76

CLID CORE NUCLEAR SPACE POWER/PROPULSION SYSTEM
NUROC32 CODE ENGINE NUMBER = 234

LIST DF INPUI PARAMETERS PAGE 2 OF 2

PFOPULSIVE PARAMETERS

KOZZLE COOLING JRCKET AREA, M%*2 0.50000
¥OZZLE SURPACE AREA, MN¥**2 0.70000
KOZZLE EXIT IO THROAT ARER RATIO 200.00000
NOZZLE EPFLICIENCY 0.97000

AND PRESSURE CONSTRAINTS AND PARRMETERS

STAGNATION PRESSURE iIN CHAMBER,

N/CH*%2 300.00000
PRESSURE IN PROPELLANT TANK,

K/CMx %2 13.80000
TCTAL CORE EXIT TEMPERATURE, K 3300.00000
ERXIMUM PERMISSIBLE CORE MLTERIAL

TEMPERATURE, K 3600.00000
M2XIMOM PERMISSIBLE COOLING

CHANNEL WALL TEMPERATURE, K 3500. 00000
MECH NUMBER IN CONDUIT 0.65000

ELL PARAMETIERS

PRESSURE SHELL COOLANT MASS FLONW,

KG/SEC 0.30000
TEMPERATURE OF COOLANT ENTERING

PRESSURE SHELL, K 200.00000
TEMPERATURE OF PRESSURE SHELL

WALL, K 800.00000
CRIPTION

DESTINATION MAFS
MISSION AN ORBITER
TRIP TIME, DAYS 125.00000
POWERED TIME AT DESTINATION, S 0.0
RATID OF THRUSTING TIME

TC MISSION DURATIOK 0.0
EATID OF REACTOR POWER DURING

CORST PHASE TO PULL POWER 0.10000
RATIO OF RBACTOR POWER AT

PLANET TO PULL POWER 1.00000
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THE ABROSPACE SYSTEMS LABORATORY

PRINCETON UNIVERSITY

08/16/76

DUAL EODE SOLID CORE NUCLEAR SPACE POWER/PROPULSION SYSTEM

PROPULSIVE

OVERALL DATRA

FBUROC3A CODE ENGINE RUOMBER =

AND POWER MODE OUTPUT PARAMETERS

SUMMARY

PRCPULSIVE MODE

CRIT

DN
F
FLXMAX

Qc
QHP
QNC
QP
OR
QSEk
\ D)
VJE
AN

POWER MODE
QE

QFE

QHPPH

QPS

QRPN

ETAS

EFFECTIVE MULTIPLICATION PACTOR
(MUST BE GREATER THAN 1)

EASS PLOW, HYDROGEN, KG/S

THEUST, KILONEWTONS

MAXIMUNM ALLOWABLE HEAT PIPE POWER
FLUX, MWT

COPE POWER REMOVED BY COOLANT,
HEAT PIPE POWER, MWT

NOZZLE COOLANT JACKET POWER,
PUMP POWER, MWT

TOTAL REACTOR POWEP, MWT
SIDE REPLECTOR POWER, MWT
VELOCITY JOF EXHAUST JET, M/SEC
EFFECTIVE JET VELOCITY , M/SEC
MACH NUMBER AT THE NOZZLE EXIT

MWZ

BNT

ELECTRIC POWER, MWE

PAN ELECTRIC POWER, MWE

HEAT PIPE POVWER IN POWER MODE,
PRESSURE SHELL GASEOUS CCOLANT
POWER, MWT

TOTAL REACTOR POWER IN POWER
MODE, MNT

POWER CONVERSION SYSTEM EPPI-

HwT

. CIENCY

D-38
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234

PAGE 1 OF 5

2.35994
4.71066
45,41295

22.354u52
23%.81134
4.188u9
30.00000
0.43471
250.00000
9.99999
9775.89844
9640.47656
6.8u4950

1.00000
0.05409
3.66872
0.12513
3.79385

0.27257



THE ABROSPACE SYSTEMS LABORATORY

PRINCETON UNIVERSITY

08/16/76

DUAL MODE SCLID CORE NUCLEAR SPACE POWER/PROPULSIOER SYSTEX

NUROZ3k CODE ENGINE NUMBER

PROPULSIVE AND POWER MODE OUTPUT PARAMETERS

STATIE POINT DATA

PROPULSIVE MODE

IC2

TCI

TSP

TNC

TP

TNE

WTHELX

ZNTHMAX

THP

PCZ

PNC

PP

DEIPC
DELPSE

DELPKC

PNE

TOTAL TEMPERATURE AT THE NOZZLE
ENTRANCE, K

TOTAL TEMPERRATURE AT THE CORE
ENTPANCE, K

TOTARL TEMPERATURE AT THE SIDE
REFLECTOR EXIT, K

TOTAL TEMPERAIURE AT THE COOLAYT
JACKET EYIT, K

TCTAL TEMPERATURE AT THE PUNMP

EXIT, K

STATIC TEMPEBRATURE AT THE NOZZILE
EXIT, K

ACTOAL COOLING WALIL MAXIMUM TEMD-
ERATURE, K

ACTUAL MAXIMUM COEKE MATERIAL
TEMPERATURE, K
BEEAT PIPE MATERIAL TEMPERATURE, K

TOTAL PRESSURE AT THE CORE IN-
LET, N/TM**2

PRESSURB AT THE COOLANT JACKET
EXIT, N/CM*%x2

TOTAL PRSESSURE AT PUMP EXIT
N/CH*x2

CORE PRESSURE DROP, N/CH*%2
SIDE REFLECTOR PRESSURE DROP,
R/CH*E%x2

BOZZLE COOLANT PASSAGE PRESSURE
DROP, N/CN¥%2

STATIC PRESSURE AT THE NOZZLE
EXIT, N/CN*%2

D-39

234
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3157.85986
301.84692
301.84692
174 .70500

29.0952¢
371.,2292¢%
3u84.61987

3568.87207

1800.00000
368. 46484
402.081821

441.95215
68.46509

33.95319
39.53389

0.0u4384

b
v



THE ABROSPACE SYSTEMS LABORATORY
PRINCETON UNIVERSITY

08/16/76

DUAL MODE SOLIL CORE NUCLEAER SPACE POWER/PROPULSION SYSTEM
NUROC3A CODE ENGINE NUMBER = 234

PROPULSIVE AND POWER MODE OUTPUT PARAMETERS PAGE 3 OF 5

STATE POINT DATA (COTINUED)

POWER MODE
TPSC TEMPERATURE OF THE COOLANT LEAV-

ING THE PRESSURE SHELL, K 225,00935
TPSP TEMPERATURE OF THE COOLANT LEAV-

ING THE RADIATOR, K 191.78391
TMPMARX MEXIMUM CORE MATERIAL TEMPEPATURE

IN THE POWER MODE, K 2546,.54175
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PRINCETON UNIVERSITY
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08/16/76

DUAL MODE SOLID CORE NUTLEAR SPACE POWER/PROPULSION SYSTEM

L,

-~

NURCZ 3A CODE ENGINE NUMBER 234
PROPULSIVE AND POWER MODE OUTPUT PARAMETERS PAGE 4 OF
STATE POINT DATR (COTLNUED)

|====- PROPULSIVE MODE----- |==-POWEP MODE---|
CORE LENGTH CORE MATERIAL GAS PASSAGE CORE MATERIAL
(METERS) TEMPERATURE WALL TEMPERA- TEMPERATURE
(K) TURE, (K) (KX)
0.018 467.384 443,013 2409.321
0.053 619.198 577.173 2428,740
0.089 788.385 723.324 2447.u78
0.124 972.448 B97.223 2465,258
0.160 1168.672 1078.393 2u81.817
0.196 1374.164 1270.161 2496.911
0.231 1585.891 1469.700 2510.318
0.267 1300.730 1674.064 2521.8u0
0.302 2015.512 1880.240 2531.306
0.328 2227.072 2085.189 2538.578
0.373 2432.284 2285,883 2543,548
0.409 2628.124 2479.365 2546 .142
O.u4u4 2811.705 2662.781 2546,323
0.480 2980.317 2833.426 2544.087
0.516 3131.471 2988.779 2539.468
0.551 3262.941 3126.552 2532.534
0.587 3372.785 3244,713 2523.387
0.622 3459, 384 3341.516 2512.162
0.658 3521.460 3415.537 2499.025
0.693 3558.097 3465.680 2484 .169
0.729 3568.759 3491.210 2467.813
0.765 3553.283 3491.748 2450.200
0.800 3511.8398 3467.284 2431.588
0.836 3445,214 3418.179 2812,.252
0.871 3354.219 3345.162 23%92.477

D-41
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THE AEROSPACE SYSTEMS LABORATOFY

PRINCBTON UNIVERSITY

08/16/7¢6

DUAL MODE SOLID CORE NUCTLEAR SPACE POWER/PROPULSIOYF SYSTE™

NUKOT3A CODE ENGINE NUMBER

SYSTEM MASS BRERKDOWN

ZMPFS1
Z¥MPFS2
ZMPFS

ZMNC
ZMND

YA
ZMK

ZMZC
ZMVR
ZMTS

ZusSP

ZMr
ZMEO
ZMRP
Z¥CFE
ZMCs
ZM5SRS
ZMSHD
Inpyv

ZMR

ZMENG
ZMPSCP
ZEPSCF
ZMPSCR

ZmpPsC

ZMES

PCSH
WRSUM

ZNTOT

PIPING MATBIIAL MASS, KG
PUMP MATERIAL MASS, K&
PROPELLANI FEED SYSTEM MASS, KG

CONVERGENT NOZZLE SYSTEM MASS, KG
COOLED PORTION DIVERGENT NOZZLE
MESES, KS

UNCOOLED NJDZZLE SKIRT MASS5, KG
TOTAL NOZZLE MASS, KG

INSTRUMENTS AND COKFTROLS MASS, KG
VALVES AND ACTUATORS MRS5S, KG
TERUST AND GIMBAL ASSEMBLY

M2S5S, KG

SUPPORT PLATE MASS, KG
INSULATION AND DUCTING MASS, KG
CTHER HARDWARE MASS, KG
PERIPHERAL STRUCTURE MASS, KG
FUEL BLEMENT MARSS, KG

CORE STRUCTURE MASS, KG

SIDE REFLECTOR MASS, KG

INTERNAL (PRONT) SHIELD MASS, KG
PEBESSURE VEBSSEL MASS, KG

TOTAL REACTOR MASS, K&

ENGINE MASS, KG

PRESSURE VESSEL COOLANT SYSTEM
PIPING MASS, KG

PRESSURE VESSEL COOLANT SYSTEM
FAN MASS, KG

PRESSURE VESSEL COOLANT SYSTEM
RADIATOR MASS, KG

PRESSURE VESSEL COOLANT SYSTEM
M2SS, KG

ENGINE SYSTEM MASS, KG

POWER CONVERSION SYSTEM MRSS, KG
TOTAL RADIATOR MASS, KG

TOTAL SYSTEM MASS, KG
D-42

234
PAGE 5 OF 5
8.23945
4,06851
12.30796
73.58334
113.32341
60.11708
247.02383

142.25079
85.72325

43.,65889
8€.20973
33.67117
119.88097
93.95287
426,44141
295.83789
433.33032
202.13800
92.26669
16€3.84766

2719u4.81226

8.23945
2.26463
55.12773
65.63181
2260. 44385

3280.99731
5422.56641

10964.00391

.
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AEROSPACE SYSTEMS LABORATORY

08/16/76

DUAL MODE SCLID CORE NUCLEAR SPACE POWER/PROPULSIOF SYSTEX

« NUROC3A CODE ENGINE NUMBER
POWER CONVERSION SYSTEM/RADIATOR OUTPUT DATA

BREYTON CYCLE DATA

QE POWER PLANT OQOUTPUT, HNWE

QHPPXM HEAT PIPE POWER, MWT

X TEMPERATURE RATIO

TB1 CCMPRESSOR INLET TEMPERATURE, ¥

TB2P EKEEGENERATOR INLET TEMPERATURE
(BIcH PRESSURE SIDE), K

TB3P REEAT EXCHANGER INLET TEMPERATOURE,

TSUBM TURBINE INLET TEMPERATUORE, K

TB5P FEGENERATOR INLET TEMPERATURE
(LOW PRESSURE SIDE), K

TBAP FADIATOR INLET TEMPERATORE, K

ETAS SYSTEM EFFPiICIENCY

ETACY CYCLE EFFICIENCY

ORIENTRATICN

NON-OFIENTED FLAT PLANZ RADIATORS

PO PROBABILITY OF NON-RUPTURE

PRIMERY RADIATOR

RSP PEDUNDANCY

QSUBP HERT REJECTION, MWT

TBES (1) MEAN TENPERATURE, K

TSI (1) SINK TEMPEEATURE, K

ATI(1) . HEAT TRANSPER AREA, N**2

WRI (1) KLSS, KG

AUXILIAZRY RADIATOR

RS REDUNDANCY

QSUBA HEAT REJECTION, MWT

TBES (2) MEAN TEMPERATURE, K

TSI (2) SINK TEMPERATURE, K

ATI(2) HEAT TRANSFER AREA, M¥%2

WEI (2) MASS, KG

SUEMARY

ATO TOTAL RADIATOR SURPACE ARER, M##2
WRSOM TOTAL RADIATOR MASS, KG

PCSH __POWER CONVERSION SYSTEM MASS, KG

234

PAGE 1 OPF 1

K

1.00000
3.66872
0.33000
527.99976

706.68628
1216.63330
1600.00000

1317.86084

737.24487
0.27257
0.33087

WITH HELT PIPE EXTENSIONS

0.935000

0.28000
2.45485
606.57080
2B7.26u465

642.39380
3351.37457

0.28000
0.192u8
392.69678
287.26465
397.00781
2071.19434

1039.40161
5422.56641
3280.99731

-
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THE AEROSPACE SYSTEMS LABORATORY
PRINCETON UNIVERSITY

08/16/76

DURL MODE SOLID CORE NUCLEAR SPACE POWER/PROPULSIO¥ SYSTEHM
NURCC3k CODE ENGINE NUMBER = 234

PERFORMANCE PAPAMETExS - SPECIFIC MASS, SPECIPIC THRUST PRGE 1 OF 1

SPECIFIC MASS DATA

SPMGEN (POWER SYSTEM MASS + RADIATOR MASS)
/ POWER PLANT OUTPUT , KG/KNWE 8.7035¢6
SPENT TOTRAL SYSTEM MASS / POWER PLANT
OUTPUT , KG/KWE 10.96400
SPMKIN TCTAL SYSTEM MASS / BXBAUST KINETIC
ENERGY, KG/KWM 0.00005

SPECIFIC THPRUST DATA

SPTENG THRUST / IOTAL ENGINE MASS, NT/KS 20.09027
SPTHT THRUST / TJOTAL SYSTEM MASS, NT/KG 4.14200
D-44
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APPENDIX E  Conversion of International System (SI) to English Units

NOTE: Multiply quantity in units on left of equal sign
by factor on right to give cquivalent quantity in
units on right.
Length: Force, Weight, Thrust:
* %
1 metre (m) = 3.281 feet (ft) 1 newton (N) = 0.2248 pounds force
= 39.37 inches (in) (1bf)
= 0.54 x 10" nautical Pressure:
. . *kk -
miles (n.mi) 1 pascal (Pa) = 9,869 x 10 6
Area: atmospheres
a: -4
ol -
1 m° = 10.76 ft° = 1.450 >2< 10
Ihf/in
VO]EQE: 3 = 1.0 x 10 bar
1w = 35,31 ft~
Energy, Work § Heat:
Mass: .
1 kilogram (kg) = 0.0685 slugs (sl) 1 joule (J) = 0.738 ft }Ef
= 2.205 pounds = 9.48 x 10 ° Btu
mass (1lbm) Power:
. ++ -3
Density: 1 watt (W)~ = 1.341 x 10 ° horsepower
3 -
1 kg/m> = 1.940 x 107> s1/£t° (550 ft 1bf/s)
= 3,412 Btu/h
d:
Speed: . = 0.7376 ft 1bf/s
1 m/s =1.944 n.mi/h
= 3.281 ft/s Therma; Power Den51t¥; X
1 Wt/m™ = 2.832 x 10~ Wt/ft
Temperature
“f‘Y‘V"lYﬁ"‘T'YﬁYY'TﬁT‘T'T‘1j—'j“17"""T‘YYYV
Fahrenheit 0 500 1000 1500 2000 25?0 39?0 3500 4006
J' ‘T‘ ‘ 4 J‘ Y‘T‘T" I"‘ﬁ"‘l " 1" ‘Tirlv T‘j" .7" IJT‘;YLW“ 'JW TT_TTAT T‘VA' 11"1'
Rankine 500 1000 1500 2000 2500 3000 3??0 40?0 45?0
I e B L B B e e o N N e s s e s n e n
Centigrade 0 500 1000 1500 2000
‘1111 i JJTJWI‘ l'l“ JT‘flr‘vlfv_%‘ 11171'1J'J,J‘1 LllJTx_'l'l J‘J_lfleT.yllnflf Yl{AYIV YL
i 2000 2500
Kelvin 1.1 ??914.1.1J,JP99|JA|,JJ115?91,11 I A D T P B I O

*
s-second, h-hour

* % 2
1 N=1kkgm/s

* % * 2
1Paz1N/m", 1

Reference:

Hopkins,
Works, Third Edition, Polymetric Services Inc.,

1J=z1NG®

**1 W=1J/s For thermal poOWer use
Wt, for electric power use We, for
mechanical power use Wm, etc.

"

MPa = 100 N/cm2

The International (SI) Metric System and How It
Tarzana, CA. 91356

R. A,
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