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April, 1990

B th Symposium on Space Nuclear Power Systems

(Albuquerque, New Mexico, USA., Jan 1989)

Mitsuru Kambe

Abstract

The author attended the § th Symposium on Space Nuclear Power Systems held

in A!buquerqug, New Mexico, USA on January 1989, The purpose of attending the

symposium is to motivate further development of fast reactor technology within

the framework of frontier research activities of PNC,

1) More than 600 participants, including nuclear scientists and engineers from
the Soviet Union, France, England and Japan and a host of (S government spéce
and energy officials, attended,

Freéentation inciuding

~——— SP-100 program to develop a hundreds of kilowatts bf space nuclear
reactor and its apprication to lunar and martian surface.

—— HWultimegawatt program to develop megawatts of space nuclear reactor and
nuclear propulsion,

NASA, D0D and DOE are col]aboratiﬁg on above programs,

2) From the Soviet delegarion, programs on thermiontc reactor for earth orhit
and nuclear propulsion for manned Mars mission vehicle are presented.

3) French delegation Hetailed the recent B & 0 program of 20~200 kWe of space

reactor ERATD.

Advanced Nuclear Power Project, Frontier Research Group, Technoiogy Development

Division, O-arai Engineering Center, PNC,
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& #r : 6 th Symposium on Space Nuclear Power Systems

* B:==2—-2FakRE FHEFHMHEA

# f: NASAML A XBRR AR
RKExFxAFE (o275 RELWER, + 7« 7ELHREN)
F[EZ=HE (Space Technology Center, Weapons Laboratory)

1% ¥RERFHES, XKEAEES, KEREES, Babcock & Wilcox
Company, General Blectric COmpany; Rockwell [nternational
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HEICReR I 4 = 72T 5,

Fuel pin 7.7 5m¢$
(PWC-11)

Rhenium liner

Gap

Fuel 6.48m¢

ReMABEABICDIA =Y EINTEDREFFIHEFCBE LSRN (L) KK
TEFBRTBUAPTETFARNT 2RI I vOERA%ZT 5, ElafidTantalun,
Tungsten%#ﬁé‘a‘éﬁf:c
(RFFE#E)

FEFrABgEHENER2 -4 KRy, HIGERMBRREFFEGEOARMCEIGAL
NY Y v Aoy SRARHEROBMBAICLDITAS, NIOHERFTRIDRIZEL
OABDPSOREESEHGATEE L L, BFEFEREZRLTIFLALDELEN TR
RO TVE, CHOOREBEHBAROAREBIUCERAENERFELT
IKRT 6

Ry 5LREE

4 of 12 reflectors for shutdown
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1 of 7 safety rods for shutdown
B 5 i i

KB, RHEELEOICEM
HWAKER, KEEEL
WAL, REHERE & DIKEE
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FEHBBENTH 2,

[Reentry Shield]

BFFEFEROAMIAER D Reentry Shield (2 -4) TEHIHR TR, il
RFFRF—RZBCEEATIEAR, EFFIBRII LN LB RETH
EEBETT2H08NLBEECLDDIDOTHE2, HERI R/ D —FEHSE

H(Hh—Fy -,V w2225 K7 A THBELEDD) T, AEEEEA

OEICRWI05, 3200KEBELE 5,
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#2-1 SP-100F itk (20D 1)

FLEMESE

RTFEHAE

RAtEamEAE

wmE~ry FPEE

BELry tERTE

Y5 iR

e yEZE

My R#

NAF 2y bPFa—TEE

ReBAK

E v VRARHERY

AR R b

3256.1

355.6

a0l. 2

6. 43

96

97789

7.75

978

42

12

39

nm @

o @

me @

mm @

%T.D.

mm



PNC-TN9600 90-002

#2-2 SP-100FLEwk (20 2)

SP-100 Reactor Subsystem Performance Characteristics

for Normal Operations

Parameter Beginning of
Life Value
Power (MWL) 2.400
Reactor Temperature Rise K(F)
Primary Loop 52(94)
- Auxillary Loop 44(79)
Reactor Outlet Temperature K{F)
Primary Loop 1305(1883)
Auxiliary Loop 1322(1920)

Coolant Flow Rate kg/s(1bm/hr)
Primary Loop
Auxiliary Loop

Linear Power kW/m(kW/ft)

11.06(87778)
.20{1587)

y e 621.3 Wem

Average 6.23(1.90)
Nominal Peak 16.0(3.06)
Frax = 100 F/em
Core Burnup(at/o}
Average ~——
Nominal Peak ---
Peak Fast (>.1 MeV) FTux(n/cmz-s) 13
Yesse] Wall 8.41x10

Peak Fast FTuence(n/cmz)
VYessel Wall -~

B4C Nominal Peak Captures -

End of Life
Yalue

2.415

56(101)
50(20)

1345(1961)
1345(1961)

10.39(82450)
.174(1381)

9.46x1013

2.06x10%%

2.74x10%3



PNC-TN9600 90-002

FUEL PINS
BAYONET TUBES
IN-CORE SAFETY RODS
RADIAL REFLECTORS
FUEL:
U-235 ENRICHMENT (%)
PELLET DIAM. CH (IN.)

PIN DIAMETER CM (IK.)

SP-100 REACTOR CORE DESIGN.

2—1 SP-1004F L85

978

42

12

89/97

.548 (.255)

<775 (.305)



(IPL/LOS ALAMOS | ASCENT AND ORBIT TRANSFER PHASE
(IMPACT IN WATER)

HONEYCOMB CORE STRUCTURE

REACTON VESSEL PROVIDES
ADDITIONAL SUPPORT TO
PREVENT SPREADING DOF
FUEL ON IMPACT

INNER WEBS OF HEXAGONAL
STRUCTURE PREVENT
LOCAL SPREADING

e J || >K-r\m-mmmzmmm OUTER WALL
N OF INYEGRAL STRUCTURE
PAEVENTS FUEL SPREADING

ISSUE

e MOST LAUNCH VEHICLE ASCENT ARORT IMPACT
POINTS WILL BE IN THE OCEAN

o [MMERSION AND FLOODING OF THE REACTOR IN
WATER COULD RESULT IN CRITICALITY

CONSEQUENCE IF CRITICALITY OCCURS
- NO HAZARD TO THE PUBLIC

DESIGN STATUS
@ FOR CRITICALITY TO OCCUR:

— FUEL PINS MUST SPREAD APART ON IMPACT, AND
-~ THE CORE MUST BE FLOODED WITH WATER

@ THE REACTOR DESIGN PREVENTS CRITICALITY IN

WATER

— STRONG HONEYCOMB CORE STRUCTURE AND
PRESSURE VESSEL STRENGTH PREVENT FUEL
ELEMENT SPREADING

~— RHENIUM ON HONEYCOMO OUTER WALL AND
INSIDE FUEL PIN CLADDING ADSORBS THERMAL
NEUTRON

— SAFETY RODS LATCHED TO STRUCTURE TO
PREVENT ROD REMOQVAL ON IMPACT

e FLOODED REACTOR IS SUBCRITICAL

— — Kgff FOR SUBMERGED REACTOR IS:

0.88 {(WITHOUT REFLECTORS)
0.96 (COMPACTED, WITH NEFLECTORS)

22 FLor=HhofE

¢00-06 0096NL-INd



FUEL PIN DESCRIPTION

BONDED BARRIER
CLADDING

{o\ﬂ
Q\)

o

SPRING

G

INSULATOR

B2-3

e e g

INSULATOR

e BONDED PWC-11/RHENIUM
BARRIER CLADDING

o UN FUEL

W-26 RE SPRING

e PEPLETED UN INSULATOR
PELLETS

&

NUMBER OF PINS — 978

08 235.02

6-

¢00-06 0096NL-IONd
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Calculated from reentry
aerodynamics

SAFETY %00 ﬂﬁﬁ/msummu < 2650 K
\ ‘ ’
| REENTRY SHIELD <3200 k
HONEYCOHB |
: i//ﬂ —— FUEL PIN
REACTOR YESSEL
£ 300k AUXTLIARY COOLING
LOOP HANIFOLD
HINGED REFLECTOR—7 |

PHTS HQZZLE

!
il
A

FIGURE 1. SP-100 REACTOR SUBSYSTEM DESIGN.

B2-4 SP-100RFFHE
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PEEEBBTAREFOORBEREKRET 5,

(TEMH > 7)

EHIMAITIL2E, SHPFLAHZRCEIBOTENR Yy IPRBF SN, £2DEBH
MOBRETE S, TRF Y 713 L RMROY EHBMANHEOREL L 5 EE
HEFNAT2BHA Y 7T, BERIULUTELEDN TS, BESICEELEZ A
B2-9HLTI0ERT, |
(HR w2t —4)

HRA 2L -y BERHRFLCRBFLBHROBIM (LI7) K&EhbLI®
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SP-100TD D7 5 2ADLITEFERLILESE, FaRMICE T Sler ROERE X0
LERBMONTVA (£2-3)

HR e —7OBEXR 2 -11KRT, MBS v -5 ORKREME EH
LR 7 oy 2BBL, BELHEFNBLTITANSESIN S,
(AHNFEDEOER Y 2 7 4) |

SP-100EmE LiciT b B s fetkic, | RABLITFHAERE (Z2&RR) OLIYVER
XNiE, BEROLHO R F L dThaw Systemd& L4, H Vo 4h « £ — F ot 7,
Accunulator (ERERE) F L Thaw cavity (SHEE) Lo BREhs (H2 -
12)

BY DL e— b TRIBEFFEORE I RRESF LUV HARFZOTha cavityilin@
TEHBE DD Accunulator FIBHHMHF O RE~DPHICED TRETELDOD b
DTH5, LIOBERBELIABRE (EEEE) OEMELRIBVINTHY,
AccumulatoriT I S OEMEMLERR T A2 LDITFHOTRBPENLTZRBIT, Li*D

{n, a) BRI - TERTEIFAPEDONSE, BROEREH 2 —13RT,.
BERICIIIEHEEYT 5,



PRIMARY HEAT TRANSPORT SUBSYSTEM
LITHIUM FILL AND VOID CONTROL

Power
Conversion .
Assembly (12) =
7 Gas SN
Separatoy (£ _ ’x,ﬁ\);ﬂ

B2-5 1R&MHK

D
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JPL/LOS ALAMOS

IN-ORBIT OPERATION PHASE
(REACTOR PROTECTION AGAINST SPACE DEBRIS)

AUXILIARY COOLANT LOOP FEATURES

BAYONET TUBE

SAFETY ROD

BAYONET TUBE

HEAT ™
EXCHANGER"J

U

PRIMARY COOLANT
LOOP QUTLET

PRIMARY COOLANT
LOOP INLET

REACTOR THIMBLE
PRESSURE AUXILIARY
VESSELL COOLANT LOCP

|+ REACTOR

PUMP

ISSUE

©® SPACE DEBRIS COULD DAMAGE REACTOR WHILE
OPERATING AT POWER

CONSEQUENCE OF SPACE DEBRIS IMPACTS

® LOSS OF PRIMARY COOLANT LEADING TO
REACTOR OVERHEATING AND POSSIBLE CORE
DISRUPTION .

® RELEASE OF GENERATED FISSION PRODUCTS N
ORBIT

@ LOSS OF ABILITY TO DISPOSE OF REACTOR

DESIGN STATUS

K26

¢ ARMOUR PROTECTION ON PRIMARY LOOP
REDUCES PROBABILITY OF LOSS OF COOLANT
@ REACTOR SCRAMS ON LOSS OF COOLANT
& AUXILIARY COOLANT LOOP MAINTAINS FUEL
AND CLADDING AT SAFE LEVELS (2000°K) IF
COOLANT [S LOST
— PREVENTS CORE DISRUPTION AND FISSION
PRODUCT RELEASE
— MAINTAINS REACTOR STRUCTURAL
INTEGRITY FOR DISPOSAL
© AUXILIARY COOLANT LOOP ALSO PROVIDES
OVER-TEMPERATURE PROTECTION AGAINST
SMALL LEAKS FROM FLAWS IN PRIMARY
COOLANT BOUNDARY

i B) 7 o0 7 10

¢00-06 0096NL-ONd



PRIMARY HEAT TRANSPORT SUBSYSTEM

DESCRIPTION

AUXILIARY COOLING LOOP (ACL)

1

2

ACL GAS SEP-
ARATOR/ACC-
UMULATOR

——

W]
0 RCL TEM
|

Il pumMp

ACL
RADIATOR

ACL SECONDAR
ACCUMULATOR

MAIN COOLING LooP (MCL)

]

4

JJNTEGRATIUH JOINT {18}

MCL GAS SEPARATOR/
ACCUMULATOR (6)

=

E]MCL TEM PUMP
1112 PLACES

—/—
| m—
‘\ﬂ—

1
N Vs
| MCL POMER CONYERSION ASSEMDLY
Ye }’\j i d {rch) (12}
[hCL SECONDARY ACCUMULATOR
(12)
et S
U -] MCL RADIATOR (12)
',.1:1,0:" S e

2 -7 HBFLAEHNRRERK

REALTOR

¢00-06 0096NL-INd



REACTOF  BSYSTEM

AUXILIARY COOLANT LOOP DESCRIPTION

SAFETY ROD PENETRATION
(TYPICAL 7 PLACES)

BAYONET (TYPICAL
42 PLACES) _\
N AYNA

QUTLET PLENUM

TS
T

3
31 G
R

THERMAL BARRIER

INLET PLENUM

COOLANT OUTLET DUCT Z-/‘COOL.H\I‘{T IKLET DUCT

B2—-8 HHELAHNZADSNAZFTZo b Fa—7T

¢00-06 0096NL-INd
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CENTER PRIMARY

1ROKN

FASTENER
LOCATIONS

NG

<
INSULATION
CROSSOYER
ges
v
X / \HA '
CONNECTING ,C’O".EET‘C
BUS

/
iy

SECCHNTaARY
INLET
825 K SECONDARY
OUTLET
PRIMARY B29 K PRIMARY
InNLET QUTLET
1375 ¥ 1371 K

2—9 TEMER v #E
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a =\
[Pump Heat Pipe Radiator]|
Gap
Alumina Insu-
: PR =y e |
less +than | %6 of efficien 4
- J

210 TEMR > OFEME (R 1 %LUT)
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£2-3 Li-6®

(n,

a) EBIck Aller 2K E

4
§P-100 System Lifetime He Production

&

4

He

4

Volume @ EOL

(liters)

Coolant Li He Production
Atom % {moles)

0.01 0.130

0.10 0.153

1.00 0.329

7.40 1.327
Operating parameters:
Geometry - Study Base Case

10
11
24

98

End of Life (EOL) Primary System Pressure - 152 kPa

ECL Primary System Temperature - 1375 K

Reactor Power - 2.3 Mwt

Full Power Lifetime - 7 years

Coolant Veid Fraction -

0%

_21_



PRIMARY HEAT TRANSPORT SUBSYSTEM
GAS SEPARATOR/ACCUMULATOR CONFIGURATION

HELIUM
BUBBLE
HELIUM
VOLUME
ACCUMULATED
““““““““ /
SWIRLER ’
/
FILTER /
/
/
/
/

DEFLECTOR

SWIRLER
GUIDE
VANE

R2—-11 #z2-®w L —4 B8

¢00—06 0096NL-ONd



SYSTEM DESIGN AND PERFOHRMANCE CHARACTERISTICS
THAW SYSTEM ELEMENTS

THAW HEAT PIPES

PHTS

REACTOR EESSEL

111 &

THAW CAVITY

INSULATICH
BLANKET

TEM PUMP

THAW
HEAT PIPE

N THAW
T~ HLAT PIPE

THEAMAL STRAP

®2 -1z

BHRAEBREOBER Y X7 4

RADIATON BLEED HOLES

QUTER
LI BELLOWS

IMHER BELLOWS
1 WITH BLEED HOLES

§'\5‘¢J
THAW CAVITY

et

CIt0SS GYER DLEED PIPES

TPO8I4IA14SIpIN &

¢00-06 0096NL-INd



HEAT REJECTION SUBSYSTEM
THAW SEQUENCE

KEY
5econc1ar/ coofant CamrfE're]'/ melt

[:| vOID .15 b
SOLID LITHIUM '

E5 LiIQUID LITHIUM
PRIMARY SECONDARY

( ( { THAW HEAT PIPE LIiT OFF
1. t = 0 HRS SECOND THAW HEAT PIPE BEGINS TO LIGHT-OFF
melt face ace i —— ~ iy T
Reactor —> "
Rx
void E4 void Y277 77777
HEAT v " 77
K HEAT PIPE T

dreerec pome 1 ) PUMP 7 RADIATOR

LSS

r

Rikd II\ TN S 1 " % .
" void "
\ o r 77777 A Y2 ” % “

I Powe rp%‘:ﬂ\/ei“- ]l PeA ii
sion Aszsembly ‘

2.1 = 1.2 HRS THAW HEAT PIPE COMPLETELY LIT OFF
| THAW '” THAW .

CAVITY CavITY ACC
- A
ii lIL//////’// //ztli“"'——'—'
1 ]
' K HE E i I fa / /
! AT PIP pump PUMP ! el e Ll
. - A P e ’(‘JLI"’ '1 W A A 3 A / FMDIATOH’
.::'.-.l;_d'l"lI\\\\\\\\\'\\\\\\\!!\\\\\%\ §\ S N NN N PR YR te
. - 1] ‘" 7
l 177/ A 77 ] :\\EZZZ ‘ H
" PCA PCA u

II

B2 -130 #IMOBERY—7r A
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HEAT REJECTION SUBSYSTEM
THAW SEQUENCE (CONT’D)

PRIMARY

3. t = 2.2 HRS. TEM PUMP THAWED

K HEAT PIPE

THAW
ACC CavITY

o] -mu—wlm

’I[/j[//[/I“//[//

\.\\\\\“\\\\\

" PCA

4. 1 = 2.6 HRS. SECONDARY LOQOP IN CAVITY THAWED

K HEAT PIPE PUMP
P A4

L Lk rt

THAW
ACC CAVITY
% £ oo "

//////.”////

AR NN NN NN NN Y
T~ ™ :

5. 1 = 2.8 HRS. PCA COMPLETELY THAWED

K HEAT PIPE
Lk L

Lo Lt i

PUMP
Sk Al

YRR
S e

B2 —13@)

SECONDARY

7O\

Bollws @

THAW
~TeAvITY ACC

I I

\IZ/IP{/III/I"/’I'

4 "
SN HRY i A} z N W W N \II
" PCA "
THAW -
CAVITY ACC
—AA
A BTN s

THAW

7277

T /]
==
g

< RADIATOR

7
7

7]

RADIATOR
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HEAT REJECTION SUBSYSTEM
THAW SEQUENCE (CONT’D)

PRIMARY
6. t = 3.2 HRS, PHTS LITHIUM COMPLETELY

THAW | THAW

KHEAT PIPE  PUMP |
'/////////

cav
CAVITY | iy

SECONDARY

ACC

7.

THAW

K HEAT PIPE  PUMP
LA AN A AW A A AR

THAW ! " caviTy
CAVITY 1

ACC

THAW

THAW |

CAVITY

1

Ayt b

adke Ty A g

PCA
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PNC-TN9600 90-002

-4 IRXRNFERIRFL
SP-1000REIIMEEMKAF (Thermoelectric converter) X0 FHbhd, h
HSi-GeDFRRFT, 1RFAHM (1369K) BIT2XFE (BRHR) &AH (800K)
CREZCIVEBHERET 5, ABEREFOREAT? — U RT, RELRS
FAOBHMEEORMIREZR2 —15ICRY . kAR 2 ~ 4I0RT, REXHRS

FREFJBJRAISNTV B,



POWER CONVERSION SUBSYSTEM
CELL CONFIGURATION

35% DENSE 0.064 CM (0.025 IN) THK

HOT SIDE COMPLIANT-PAD
NIOBIUM:

HOT SIDE, HIGH VYOLTAGE
ELECTRICAL INSULATOR
ALUMINA

0.013 CM {0.005 IN} THK

HOT SIDE ELECTRODES
TUNGSTEN
0.008 CM (0.003 IN) THK
GRAPHITE
0.038 CM (0.015 IN) THK

“#———— HOT SIDE, LOW VOLTAGE
ELECTRICAL INSULATOR
GS526 GLASS

THERMOELECTRIC ELEMENTS -

.005 CM (0.002 IN) THK
T (BIGelGaP . 0.005 CM ( !
0.69 CM (0.27 IN) HIGH
/ ~—s——— COLD SIDE, LOW VOLTAGE
COLD SIDE ELECTRODES ELECTRICAL INSULATOR
GRAPHITE GS526 GLASS
0.013 CM (0.005) THK 0.005 CM (0.002 IN) THK
TUNGSTEN

0.005 CM {0.002 IN) THK

COLD SIDE, HIGH VOLTAGE
ELECTRICAL INSULATOR
ALUMINA

0.013 CM (0.005 IN) THK

COLD SIDE COMPLIANT PAD
NIOBIUM CLAD COPPER
30% DENSE 0.381 CM (0.150 IN) THK

H2—-14 REXERFTORE (FFOFR/USI—6eD500~600CHETOERICL O XEENB)
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POWER CONVERSION SUBSYSTEM
POWER CONVERTER ASSEMBLY

STACK-UP OF THERMOELECTRIC CONVERTER ASSEMBLIES

é ’7‘(/75

.
ouT P

® 6 THERMOELECTRIC CONVERTER ASSEMBLIES
WITH HEADERS AND MANIFOLDS

R2-15 AERBET~ORANFER
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#2 -4 BEXBRIFOLHKE

POWER CONVERSION SUBSYSTEM
KEY REQUIREMENTS

® ¢ @& o

PARAMETER

ELECTRICAL POWER TO PGM JUNCTION BOX {(kWe)

VOLTAGE TO PGM JUNCTION BOX (Vdc)
THERMOPILE AREA {m?2)

LOOP CHARACTERISTICS

PRIMARY: INLET TEMP. (K)
TEMP. DROP (K)
FLOW RATE (kg/s)
PRES. DROP (kPa)

SECONDARY: INLET TEMP. (K)
TEMP. RISE (K)
FLOW RATE (ka/s)
PRES. DROP (kPa)

FIRST FLIGHT 2 YEAR RELIABILITY

SUBSEQUENT FLIGHT 10 YEAR
RELIABILITY (GROWTH)

SUBSYSTEM MASS GOAL (kg)

REQUIRED VALUE

105.3
208.6 (+104.3)
6.55
MAIN (11 OF 12) AUXILIARY COOLING
1369 1360
47 38
9.9 0.17
4.2 (0.61 PSI) 5.4 (0.78 PSI)
800 801
46 38
9.6 0.16
11.2 (1.63 PSI) 13.6 (1.98 PSI)
0.997
0.997
370

REQUIREMENTS DEFINED BY FLOWDOWN FROM OVERALL SYSTEM
OPTIMIZATION AND INTEGRATION OF SUBSYSTEMS

¢00-06 0096NL-INd



PNC-TN9600 90-002

-5 HE®R
(4 %]

HAZOBHIHMT I RBEFAUCVF I LT, TEMR Y7 (2-3%: 1 RAWMERSE
B) KX oBRExh, %&%ﬁ#ﬁf@%@ﬁ?ﬁﬁﬂ‘@ﬁ%ﬂb, 5V -y THRHT S, B
ZRE2V-FTIORD, O3 BDIN—STEREEIHEL LI ERZFEATY
Bo BN—F T ERE—FNAT 5V ~FEEAS (H2-16) o« 5V 2—2#
BEZR2-HIKRT,

(32 —% &)

YL —FERR, AN-2 Ve bATHLBLEYIRKIIFILLETN, FHERM
TERETZ (B2 -17, 18) . 0k Vs —F CERTIHARESORPICR
FrUBlNo -XRJ|Fon, ZOBHIIL65° ODEG:Fﬁ.WﬁEfH%E&f&-J‘CMé
(E2-19 o

SYI—sAREKE, FI72 b, E- b A TBIEFSF V- RALIOEREN S,
BARBHHOHERLST 7 PAEARBTIBRE -4 THBLTS Vo —F 8%
NMIEEER, VI NEADSORBICEIDBRAEZINE, Y-S HEEE
22 -20IcRT, 5-‘/"1—57::sib.\A.JE%Qiﬁi%‘i%%lﬁL;’:Be%%f%%ﬁian"—rb\’?xﬂﬂ’
5NTW 3B,

[e—=Fsreg )

E— b9 PEEHREN AV 2T, ZHRFTEENMWNK TEEEN S, EBE%
B2 —21md. B2 -2RERBECHTSE — b f 7RBRKOEES X Ok
HEEERLLDOTH S,

E—t A P I RELHDOEBANBLU TOMCHESNS,

_ (59 x—% &F)
(H/P#EHE) x {1 - (H/PHREBHER) } x (g4r—7TH)

1900 (kW)
11

0448 (X)) x (1 -0.07T1) x TN

0.41 (kW/Z)
0.41 (kW ed)

It



HEAT REJECTION SUBSYSTEM

PERFORMANCE AND LIFETIME CHARACTERISTICS
AT END OF MISSION

TeoLp FLuip — - BUET, 820K \\\\\
77
THEAT PIPE 8 ';ﬁf.g_. o BOOK
: -~ - >
TRADIATOR —— S~ 7g9x (ED) E-pred7

11.0 kPa S ==

AN

8.5 kPa /\>

\-\ W S S SV L-9INHL
/\/\

7722.8 kPa

N XY BasK 19.4 kPa
19 PP ’
7
'l
\U 'r% \ 21.9 kPa
o ) ‘\ -
' ! //)/'\( -’w Power Converter Assemblr
l& 1

y

e . FLOW = 0.87 kg/scc

RADIATOR AVERAGE TEMPERATURE

e ELEVEN OF TWELVE LLOOPS
OPERATIONAL
34.1 kPa EMISSIVITY DEGRADED TO 0.85
36.1 kpa | . ® 7.7% OF HEAT PIPES FAIL (5.5%
AREA LOSS)
® ni?]TCmpTEOAx:A%THnouc;HPUT
; ACCOUNT FOR ANY
TEM Pump CAPILLARY PUMPING
DEGRADATION

216 BHBROHEK

¢00-06 OO96NL—DNd



PNC-TN9600 90-002

#£2-5 SP1007 vV x—siw

E—MNATEE (5¥z—g950%D)
FA AR RS W

E— kot PTRAK

E— bt T2 E

E—tq4742E (EH)

b~ bova SEEHRRE

bo— b FEBMEE

g7 FERBE

SHKHEHE

FYE—4 BH

sVI—454E

V- sRBHTOHTELSE

YT —-FREM (FH)
EHSVr—$ER (591 —5 < Frd%y)
Outer surface emissivity

[nner surface emissivity

{Juter shape factor

faner shape factor

7

I rEE

E— b PHEER (EE 16D ¥ & U THERE)

2IRFEME N~ FE (End of mission)

454

12

5448

26~94.6

74

7.7 % (5.5%

800

820

230

1900

2.2

6.1

96. 1

9. 866

0.85

0.2

0.95

0.4

152. 4

1.0

11 of 12

cm

cm

area 1oss)

K

K

K

kW

mm

mm

cil

Loops



SP-100° L AUNCH CONFIGURATION

ORBIT TRANSFER STAGE

USER PAYLOAD

2 —17 SP-100fT LT ORE
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PNC-TN9600 90-002

RADIATOR PANEL DEPLOYMENT SEQUENCE

CNA VDRI B

UL —4

X 2 — 180



RADIATOR PANEL DEPLOYMENT SEQUENCE (CONT.)

H2—-180@ s5Yx—% 200 EMBAFE (88X)

FYL -9 NARIL
(& 12 #2)

¢00-06 0096NL-INd



HEAT REJECTI.. SUBSYSTEM
FLEXIBLE JOINT

KEY REQUIREMENTS

® & 9 ©

[}

]

@
@

TRANSPORT LITHIUM FROM 38mm DIAMETER
PIPE TO 150mm X Bmm DUCTING

FLEX OVER 165° DURING DEPLOYMENT
THAW FROM FROZEN CONDITION
SURVIVE LAUNCH LOADS

SURVIVE 7 YEAR OPERATION AT 26 kPa DESIGN
PRESSURE

MAINTAIN PRESSURE DROP < 5 kPa AT (.84
kg/sec FLOW RATE

DESCRIPTION

38mm ID X 50mm OD FORMED TITANIUM
BELLOWS

0.5mm WALL THICKNESS X 630mm LONG
BLEED TUBE INSIDE

— 6mm ID X 12mm OD WELDED BELLOWS
— 0.3mm WALL THICKNESS

— 0.4mm HOLES ON 29mm CENTERS OVER
HALF OF LENGTH

2% RATED FLOW = BLEED BYPASS

¢00-06 0096NL-INd



HEAT REJECTION sUBSYSTEM
DUCTING

HEAT PIPE

Ik A Frn R

W

0.81 (l95) |
= X

2 L1524 > (.008
420 (Fm3) U:sz{m)xa >

BRAZE

8 = .17 (ms3)

CORRUGATED 8.
0.50 Be 0.50 Be SUPPORT INSIDE 178 |
v

OF DUCT
outside
/ —awljles— (.76 Be 146
0.76 Be

| ! .

I JL ) I
Meteohid

ett—————— 152 ] LLO f SpZieeoclebms

g} 305 o

E SRR 0 BIEEAEIR & £

WAB B 23T TS 5 k0 2k zpat ALL DIMENSIONS IN mm

R2-20 3Yx—yWHBEHE
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HEAT REJECTION SUBSYSTEM
HEAT PIPES

DESCRIPTION

29.5mm

N @ 0.13 mm CP Tl LINER/0.33 mm Be OVERCOAT

b
% .
N ® DOUBLE WRAP 0.05 mm CP TI ETCHED FOIL WICK

‘[’ outside

M2-21 5Vx—sHEe— b4 THE

¢00-06 0096NL-IONd



HEAT PIPE APPLICATIONS IN SPACE NUCLEAR POWER

AXIAL HEAT FLUX - KW/CM2

DEMONSTRATED AXIAL HEAT FLUX

102
LITHIUM—
107 4- -
MERCURY.- /
' < SODIUM
~~ . POTASSIUM
100 j - 7 ]
400 600 800 1000 1200 1400

TEMPERATURE - K

B2 -22 BBE—F4 7O

1600

¢00-06 0096NL-ONd



PNC-TN9600 90-002

-6 BEWHFH

SP-1000ZABHHHE LTREUTHES 505,
BECRD X CRTFAEE LI,
BELLETFFESEEMERET 5,
SHERARHBEACH LTS, EFFOBAREES,

® ® ® ©

BELARTFFNT—MECEFT 3Bl AFFEUTRAEL T3 DL
T2, TORDBEROSHE T~ cary PEFBOTINER LB EICETLAEL
g (300 year lifetime orhit) IWHH 3,

@ FHHLCIRTFFEZEL2AREIRET S,
® x&—ZV#bwﬁiéﬂtﬁﬁ®$ﬁﬁﬁbff%%%ﬁa

Brobst2#ERT 20 0HEEMERM 2 - 23R,

(b LFRsOEH) (2 —24)

AN—R Ve PRIV SEFABOBREBRRICHLTHPLOEEIH LN
BRF B -THED, RIEFLPAEBFBIATHREFFRRER (Keff=10,95) TR«
N5,

(kp~DBEE] (K2 -25)

A—kpBELFELNRFRLAEESCL, EFFRIRERLRTAIRETELE-T
N3, tOBSGOREER RFFAESEAEOMNMEY (BEBOHRT) MO XS
NAEBEICEKef =088, MatthE b EBINAEE Kl f=096TH 5,
SP-I00TREBKECOHRIETFREOLDIC, BREKBEARS I~ 2 BENE
KLr=va (Re) 27342V LT 5B,

(BE~o®E) (K2 -26)

F—BEcBELABSCLRTFFARIRERERTIRH LR -THY, Rtk
EbiHFICEE S L BSICEKeff=096TH 5,

(AREBEEA) (H2-27)

AGEBEABICIEFFARIA Ky HEHBOML » ~ & (Reentry heat
shield) WiV {F#xN, TOBERI2ENRANIBHENL TS L e~
EREHIMBICLORBTAE 200K, AE HIKKZET IS, EFPFFEREREL



PNC-TN9600 90-002

REECHAIGNS,
(M EERER]

WHIMBRAEROBMBREAE 2 —281IK/R 7, Re (Zrhi: FWRINM) . UN (BREH)
PHC-11 (AR EE) ORI ITCINOERER ICE~, £&Ar— 7 BERBLC
ENBERINTV B,

(hicBELALHEEOHMBE) (K2 -29)

TEMEELARTFFEMM EIBELAGEOAR~OBRBREL, FEL®IE
By, EFFEHS I mBEN i T) IRen, 0 (BPAK A ¥ 3 4 YOFEHE)
EWB, o TEELAETFER, 7—2% vy o P A2ACTINED LB EICE

TURWELE (300 vear lifetime orbit) CEH A ENEZONTL S,



JPL/LOS ALAMOS

KEY SAFETY FEATURES

e
REENTRY HEAT SHIELD
ASSURES INTACT REENTRY
7 AND REACTOR INTEGRITY
ﬂ ) FOR BURIAL
RUGGED BONDED e
FUEL CLADDING
RETAINS FISSION
REFLECTOR PRODUCTS DURING
LAUNCH LOCKS OPERATION o
ONERENT ~— SAFETY RODS (7)
DURING LAUNCH ASSURE SHUTDOWH .
IN ACCIDENT
SITUATIONS
STRONG HONEYCOMB CORE
STAUCTURE AND REACTOR ™ ROD LATCHES nETAIN . e
VESSEL PREVENTS FIIEL \
PIN SPREADING ON IMPACT : SAFETY HODS iN CORE
FOR IMPACT AND EXPLOSION
(\ ACCIDENTS
i\ o
i
)
— AUXILIARY COOLANT LDOP
PROTECTS AGAINST
LOSS OF COOLANT
ACCIDENT
)
©

2 —23 SP-10loZ=ewE

CONTROL ELEMENTS
AUTOMATICALLY SHUT REACTOR
DOWN UPON LOSS OF POWER

TWO INDEPENDENT SHUTDOWN
SYSTEMS

PROMPT NEGATIVE REACTIVITY
COEFFICIENT ASSURES STABLE
REACTOR CONTROL

ONLY 4 OUT OF 12 REFLECTORS
REQUIRED FOR SHUTDOWN

CLEAN CORE AT LAUNCH

LARGE NEGATIVE VOID COEFFICIENT
ENHANCES SHUTDOWN UPON LOSS
OF COOLANT

CONTROL ELEMENTS MOVED
INDIVIDUALLY AND IN INCREMENTAL
AMOUNTS TO PREVENT RAPID
REACTIVITY ADDITION

RHENIUM POISON PROVIDES
THERMAL NEUTRON ABSORPTION
FOR WATER FLOODING

¢00-06 0096NL-INd



SAFETY
LAUNCH PAD PHASE
(SHUTTLE EXPLOSIONS)

ISSUE

SHUTTLE ACCIDENTS ® LAUNCH VEHICLE EXPLOSIONS COULD CAUSE
CRITICALITY

— OVER PRESSURE COULD COMPACT CORE
— SHRAPNEL COULD DISLODGE SAFETY RODS

CONSEQUENCE IF CRITICALITY OCCURS
® 2 X 10-3 REM AT 3/4 MILES

SP-100 REACTOR

J_\] —cEnaun-a
M {~REACIAN POOL

1
BLAST —

@ 0.04% OF WOHKER-ANNUAL LIMIT

LOLH MIX

wowneactant poor | 4ot bodoff i

® HAZARDS ARE SMALL AND CONFINED TO
LAUNCH SITE

BLAST FNOW NSTS FALLING

BODST STAGE EXPLOSION INTO ET PROPELLAKRT POOL

@ NO HAZARDS TO THE PUBLIC
DESIGN STATUS

e STRUCTURAL ANALYSES SHOWS EXPLOSION
OVER-PRESSURES WILL NOT COMPACT CORE

@ NUCLEAR ANALYSIS SHOWS THAT EVEN IF
COMPACTION OCCURS THE REACTOR REMAINS
SUBCRITICAL

SHAAPMEL & FLYER Kaff = 0.95 (WITH Al REFLECTION)
PLATES FRIOM

CHALLENGER TYPE EXPLOSIONS

ACCIDENT

—I @ SHRAPNEL NOT EXPECTED TO DISLODGE

SAFETY RODS
— LATCHES BURIED INTERNAL TG REACTOR
FOR PROTECTION

B2-24 HbLFBOHHE—F
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SAFETY
ASCENT AND ORBIT TRANSFER PHASE
(IMPACT IN WATER)

ISSUE
HONEYCOMB CORE STRUCTURE ® MOST LAUNGCH VEHICLE ASCENT ABORT IMPACT
REACTOR VESSEL PROVIDES POINTS WILL BE IN THE OCEAN
ADDITIONAL SUPPORT TO
O o | © IMMERSION AND FLOODING OF THE REACTOR IN

FUEL ON IMPACT WATER COULD RESULT IN CRITICALITY

INNER WEBS OF HEXAGONAL
STRUCTURE PREVENT
LOCAL SPREADING

CONSEQUENCE IF CRITICALITY OCCURS
- NO HAZARD TO THE PUBLIC

DESIGN STATUS
@ FOR CRITICALITY TO OCCUR:

— FUEL PINS MUST SPREAD APART ON IMPACT, AND
— THE CORE MUST BE FLOODED WITH WATER

® THE REACTOR DESIGN PREVENTS CRITICALITY IN
WATER
— STRONG HONEYCOMB CORE STRUCTURE AND
PRESSURE VESSEL STRENGTH PREVENT FUEL
ELEMENT SPREADING
— RHENIUM ON HONEYCOWMB OUTER WALL AND
INSIDE FUEL PIN CLADDING ABSCRBS THERMAL

1 ){_ NEUTRON
\\ | Nb-1ZI/RHEMIUM OUTER WALL — SAFETY RODS LATCHED TO STRUCTURE TO
S~ OF INTEGRAL STRUCTURE PREVENT ROD REMOVAL ON IMPACT

PREVENTS FUEL SPREADING -
@ FLOODED REACTOR IS SUBCRITICAL

— Keff FOR SUBMERGED REACTOR IS:

0.88 (WITHOUT REFLECTORS)
0.96 {COMPACTED, WITH REFLECTORS)

B2-25 FLoRKICHTsHeHE
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JPL/LOS ALAMOS ASCENT AND ORBIT TRANSFER PHASE
(IMPACT ON LAND)

REENTRY IMPACT DESIGN CONDITIONS ISSUE
® SOME LAUNCH ABORT IMPACT POINTS COULD OCCUR
REENTRY HEAT SHIELD ON LAND

@ LARGE RELATIVE MOTION BETWEEN SAFETY RODS
AND FUEL ELEMENTS COULD CAUSE CRITICALITY

CONSEQUENCE IF CRITICALITY OCCURS ON IMPACT

@ 2 X 103 REM AT 3/4 MILES
@ 0.04% OF WORKER ANNUAL LIMIT
e NO HAZARD TO THE PUBLIC

DESIGN STATUS

@ REACTOR BEING DESIGNED TO BURY ITSELF ON
IMPACT AND REMAIN SUBCRITICAL

© RELATIVE MOTION BETWEEN SAFETY RODS AND FUEL
WILL BE CONSTRAINED TO PREVENT CRITICALITY

8 INCHES 5“:5;; — LATCHES HOLD RODS IN PLACE DURING INITIAL
CRUSHING
— COMPONENT CRUSHING CAN BE ADJUSTED TO

MAINTAIN REQUIRED RELATIVE ALIGNMENT

PAVING GRADE CONCRETE e REACTOR IS SUBCRITICAL WHEN BURIED IN DRY SOIL
5 — Keif = 0.96 (COMPACTED, WITH REFLECTORS)

S50IL © DYNAMIC TESTING WILL CONFIRM STRUCTURNAL
DESIGN APPROACH

R2-26 E~OBECHT IELHE
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JPL/LOS ALAMOS

DISPOSAL PHASE
(SP-100 REENTRY PROTECTION)

REACTOR AND HEAT SHIELD TEMPERATURES DURING
REENTRY

ISSUE
e DISPOSAL ACCIDENTS (OR LAUNCH ABORTS)

J: NIOBIUM WELT TEMPERATURE (2170°R) 152] °C
2500 -

o HEAT
2o00f |093°C \ ! SHIELD

¥ yso0f HEUTRON
FEETES] O SHIELD

1900

REACTOR

TEMPERATURE -

TIME OF IMPACT

AEENTRY HEAT AEAGTOR HEAD
soar SHIELD @
|
TS et il sl winandionll mlionlndls sl ~—-

) 300 200 200 400 500 s0e 700
REENTRY TIME ~ SECOHDS

1 1 1 L 1 L T S N U I T |
120 110 00 30 &0 70 60 50 40 20 /]

ALTITUDE KM

COULD LEAD TO ACCIDENTAL REENTRY

CONSEQUENCE OF REENTRY

@ REACTOR REMAINS SUBCRITICAL DURING
REENTRY

& NO FISSION PRODUCTS RELEASED DURING
REENTRY :

DESIGN STATUS

@ SP-100 DESIGNED FOR INTACT REENTRY
@ SAFETY RODS REMAIN IN PLACE UNDER
MAXIMUM REENTRY LOADS (35g) PREVENTING
CRITICALITY
@ REENTRY HEAT SHIELD PROTECTS REACTOR
FROM INTENSE HEAT OF REENTRY
— REACTOR TEMPERATURE MAINTAINED WELL
BELOW STRUCTURAL FAILURE LEVELS
— ENSURES STABLE, PREDICTABLE NOSE
FORWARD ORIENTATION DURING REENTRY
@ REENTRY HEAT SHIELD ALSO PROVIDES
— SOME MICROMETEROID AND SPACE DEBRIS
PROTECTION FOR REACTOR VESSEL AND
PRIMARY PIPING
— KNOWN ORIENTATION AT IMPACT,

FACILITATING STRUCTURAL AND BURIAL
ANALYSES

B2-2T REEEEACHT R4
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T E Pl P EE FR ST W B R B .

JPL/LOS ALAMOS

REACTOR SUBSYSTEM

SAFETY CHARACTERISTICS

2200.00

2000.00

1800.00

1400.00

1200.00

100.00

rrrrrirrvrJrrrvrmrvrirr1r17r1717 17 v1 10 71T 1711

1S

ASIIMBLY 3
ASSEMDLY 4

| S N A S N TN (N O NS N N SN OO A A S SN (N s |

T 1T T + & F v T 1 & i

|

D N T S N O O N I N Y N O (N (N U Y VU N TN D S A |

0.00 5.00 10.00 15.00 20.00 25.00 J30.00

TIME, HRS
B2-28 wIMBEXFEENER

ITEH TEMPERATURE
(K)
TEMPERATURE LIMITS

RHENIUM MELT 3123
UN MELT (AT 1 artM N2) 3035
PHC-11 MELT 2672
UN DISSOCIATION 2100

PEAK TEMPERATURES

FUEL-ASSEMBLY 1 1938
FUEL-ASSEMBLY 2 1937
FUEL-ASSEMBLY 3 1905
FUEL-ASSEMBLY 4 1828
REACTOR VESSEL 1508
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JPL/LOS ALAMOS

SAFE OPERATING EARTH ORBITS

REACTOR DOSE RATE AT 1 METER AS A FUNCTION

OF

TIME AFTER FINAL SHUTDOWN

DOSE RATE (rem/h)

10,000

1,000

100

0.1

0.01

e 100 KWe
e 7 FULL POWER YEARS

10 HRS, TO REACH 1 REM EXPOSURE .
I 1 1 I
0.1 1 i0 i00 300 1000

TIME AFTER SHUTDOWN — YEARS

ISSUE

© TO BE SAFE, OPERATING ORBITS SHOULD HAVE
SUFFICIENT LIFETIME FOR FISSION PRODUCTS TO
DECAY TO ACCEPTABLE LEVELS BEFORE REENTRY

CONSEQUENCE OF OPERATING IN LOW EARTH ORBITS

© SHORT ORBIT LIFETIME
@ HIGH REACTOR DOSE LLEVELS
@ BOOST TO HIGH EARTH ORBIT REQUIRED

DESIGN STATUS

® 300 YEARS OF FISS|ON PRODUCT DECAY REDUCES
§P-100 DOSE RATES TO MANAGEABLE LEVELS FOR
PROTECTION OF PEOPLE AND ENVIRONMENT

— 10 HOURS TO REACH EPA PROTECTIVE ACTION
GUIDELINES FOR NUCLEAR PLANT ACCIDENT
EMERGENCY PLANNING (1 BEM)

& 400 NMi CIRCULAR ORBITS PROVIDE 300 YEAR ORBIT

LIFETIME FOR SP-100

@ HIGHER ORBITS DRAMATICALLY INCREASE ORBIT
LIFETIME AND TIME FOR FISSION PRODUCT DECAY
> 2000 YRS. AT 500 NMi
> 10000 YRS. AT 600 NMI

& DEPENDING OM ACTUAL ORBIT, AT EOM, SP-100 MAY

BE BOOSTED TO A HIGHER PERMANENT DISPOSAL

ORBIT TO ALLOW FISSION PRODUCTS TO DECAY TO

LOWEST POSSIBLE LEVELS

B2—-29 BMEKCBELLESOHE
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FRABCERTARRT, #>7 | E2 AR 2 B0RMTHBERF LR R
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#&2-—0 SP-I00EHET ~¥

SYSTEM REQUIREMENTS ANALYSIS AND ALLOCATION
SUMMARY OF ALLCGCATED PARAMETERS

ALLOCATED PARAMETER/VALUES®

_ TOTAL FLOW RATE
MASS POWER FLOW {kw} PRESSURE DROP (kPa) {kg/SEC)

SUBSYSTEM (kg) {RELIABILITY {INPUT | LOSSES {QUTPUT [PRIMARY | SECONDARY | PRIMARY |SECONDARY
REACTOR 700 0.998 2331 29 2302 16.48 - 9.856 -_
SHIELD 1000 0.999 — — —_ — — — —_
PRIMARY. HEAT TRANSPORT 500 0.987 367.8 367.7 0.1 (20.69} (30.76} 9.856 9.570
AEACTOR INSTRUMENTATION 290 0.986 0.4 0.4 0 _— —_ — —_

AND CONTROL
POWER CONVERSION 370 0.997 1934 1828 105.7 4.21 11.24 9.856 9.570
HEAT REJECTION 850 0.975 2132 2132 o —_ 19.52 — 9.570
POWER CONDITIONING, CONTROL | 390 0.995 105.3 5.0 100.3 — — —_ —

AND DISTRIBUTION
MECHANICAL/STRUCTURAL 480 0.999 — — — — — — —_

*EOM WITH 11 OF 12 SECONDARY LOOPS DELIVERING 100 kW TO MISSION MODULE

¢00-06 0096NL-ONd



Results
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Results
(Continued)

Primary Loop
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-50

7 N
Results
| (Continued)
Effect of Sequential and Nonsequential
Pump Failure of System Performance
%, 2200 & 005
g 2000 1 2.
g _ E 0.00
£ 1800 2 Failed Purmnps 5] -
= ] g -0.057 _
E 1600 o 2 Failed Pumps
& ' -0.10"
ﬁ 1400 7 4 Failed Pumps % 1
5 ] @ -0.157 4 Failed Pumps
% 1200 _.___“____,...“.\L.._u__._,.. k> _
& 1000 +——T——T———T——T—1— 020 T—T T 771
-50 O 50 100 150 200 250 -50 0 50 100 150 200 250
Time (s) | Time (s)
)
~ 11
N uential Failur
'\%D ] T Oge:fse:ﬁ; Fai]ureE — 120
2 107 =
3 1 24 1101 2 Failed Pumps
o ~
2 91 m o l \L
o . \ 2 100
) 8- 2 Failed Pumps 8 ] \
§ J E 90 - 4 Failed Pumps
g 4 Failed Pumps - 807
Q 4
o 6 — T 1
0 50 100 150 200 250 AQ+r——r——T 7T 1

Time (s)

-50 0 50 100 150 200 250

Time (s)

y)
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(

Maximum Cladding Temperature (K)

/(

Results
(Continued)

Effect of Sequential and NonSequential Pump
Failure on System Perfromance

Core Outlet Temperature (K)

1460

:

I "\ 4 Failed Pumps
1420 1 ) P

1400 ]

1380 T ﬁ """""""""""""""" e
i 2 Failed Pumps
1360 +——————T————

-50 0 50 100 150 200 250

Time (s)

1500 ;
1490

1480

—
1+
o
o
I

1440 1

1420 1

------------------------------------------

Cladding
Temperature
Limit

1480j
14707
1460j

4 Failed Pumps

—

S

o
1

4 Failed Pumps

2 Failed Pumps

1430

Maximum Fuel Temperature (K)

‘ 2 Failed Pumps ’ )
] -50 0 50 100 150 200 250
Ho+———— 77— Time (s)
-50 0 50 100 150 200 250
Time (s)
Y

¥ M ] v 1 M 1
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Nuclear Power System

Lewls Research Center

Perform

®

®

Reactor
Reactor Thermal Power
Reactor Lifetime (at full Power)

Power Conversion

Electrical Output (6 of 8 Engines)
Electrical Output/Operating Engine
Rated Electrical Output/Engine
Percent of Full Operating Capacity
Therma!-to-Elec}{ic- Efficiency
Stirling Heater Temperature
Stirling Temperature Ratio
Stirling Cooler Temperature

Rejection
Waste Heat to Reject
Radiator Surface Temperature
Lunar Surface Temperature {w/Apron)
Lunar Sky Temperature
Total Radiator Area (Spoked Wheel)
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Lewls Research Center

Nuclear Power System Layout

/Haat Pipe Radiator Pane!
/

LA Manifold {2)
/ -

7

Stirling Engline
(8)

-( acd w? f‘\? V\UU“

B AR I TETLILTETEF,

4

lattorm - . .

Boral Bulkhead
nd Scatter Shield -

Accumulaior
M5 cm LiH Instrument Shield , o

2.5 em W instrumint Shield”

Primary Heat Transport System
% Secondary Heat Transport System

H3-1 AEERBARFFETS 7 v FOMEK
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Lewis Research Center

IRITIAL

OUTPOST|

]

il e e e e i |

PHOTOVOLTAIC POWER SYSTEM

]

:

o

s

STORAGE
& RECHARGE

Bo-H

ces b A e
pit” p

- s
{  MNINGAREA

SWITCHING §

STATION\\-“

“\\k

LUNAR BASE LAYOUT
(700-900 kWe)

NOTE: NOTDRAWN TO SCALE

T VERTICAL RADIATOR
PANELS (8)

LUNAR SOIL THERMAL
SHEDNG =< APRONS

. _

R3-3

H T & i D # R
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ALAOBPACE T4 CHa0l DOV DIRTCEOR40E

POWER TECHNOLOGY DIVISION

Lowis Research Cenler

DESIGN SUMMARY

- Dual manifold heat transport system designed for easy installation of
Stirling engines at non-weld field connections.
- Aluminum bulkhead provides reactor with a dust-free enviroment.

° §5hig|ding§

- Excavated cylindrical shield enables position of reactor to be
independent of habitat location.

- Utilization of lunar soil for shielding substantially reduces mass of
system.

- Excavated shield allows astronauts to perform maintanence on radiator
panels.

- Instrument shields inciluded for protection of drive motors

¢00-06 0096NL-INd



POWER TECHNOLOGY DIVISION

LUNAR BASE REACTOR SHIELDING OPTIONS

Lowis Research Cenler

Instrument Shield

Radiator Panel

7
Reaclor

Stirling Engine

360° Circtlar LIH/W Shield (from earth)

LiH thickness (2 layers) 352 ¢m

Lunar_Soi! 3\,,\\4\\3""3

/ T\

W thickness (3 layers) 19.8 cm

Tolal thickness ’ 55.0 cm

Total Shield Mass 218 fonnes._|
er 7

he,uy

360° Circular Lunar Soil Shield

Shield thickness 7m

Shield height Im

Volume of Soil Moved 730 m3

Mass of Soil Moved B70 tonnes

(A %)

Lunar Soil Q

Al and B sandwiched liner

Excavated Cylinder Lunar Soll Shield

Cylinder diameter 4m
Cylinder height Im
Volume of Soil Moved 38 m3
Mass of Soil Moved 45 tonnes

Assumplions:

Z3-4

2500 kWt Reaclor

< 5 rem/month at Radiator Panels
Lunar Soil densily of 1.2 gfcc

Ue~oOmBi{LgE
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Nuclear Power System

Lewis Research Center ==
TN

viass

Reactor/Shield Subsystem
SP-100 2.5 MWt Reactor

Instrumentation and Control

Instrument Shield

Primary Heat Transport System

Power Conversion Subsystiem
(8) Stirling Engines; Linear Alternators

Heat Rejection Subsystem
(8) Heat Pipe Radiator Panels
Secondary Heat Transport System

Power Management and Distribution

AC to DC Converters; Parasitic Load Resistors

Transmission Cabling {5 km)
Surface Structure
Reactor Excavation Bulkhead
Engine Support Platforms

Total

kilograms

755
359
931

6240
832

1650

679

I i S R 0 B S A
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POWER TECHNOLOGY DIiVISION

Lowis Research Center
Al OOLIMCE FACHNDt OQF DWMEICTORAIT

Stirling System Component Mass Sensitivity
to Temperature Ratio

Thot=1300 K, 2.5 MWth
Specific Mass (kg/kWe)
50

L \ Transmission Line
L/
40 - / Structure
| ‘ _ X]Radiator
Lunar Base Design Point
30 b (825 kWe, 20004 kg) Power Conditioning
\\\ Systems
7] 5tirling
a0 B ,45 & Interfaces
Instrument
Shield
10 /////’272///1::/i::/i:;fﬂfi:;/:;;22g29/ Reactor
émmwmmvyyyyyyvé
0 1 L 1 ] i 1 - | 1 1 1 1
i.8 2.0 2.2 2.4 .B c.8 3.0

Temperature Ratio

H3-5 VRFLEBUEBIZTFLANREDORS
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4, 2 FAAT7 M (MMW) B

AETE 31980 ICBEB &, SPI00FHE L D b EICEM D (B10~100Ude) OFHA
BORAHERTLDODOTH L, KHERSDIO-BELTEBEINRTSE, TOH
BEIREVRAFLBLICEHERAL -F RS LESIHEOR, AEYLITCXREREROREFA
HEBIUCERAERIEREL SR T B,

PIZHSNOV -V ESAERECA VSN v 2 7 AT HII~HI00MWOED = BEIC
HoEL, BUOWHEREEE, AvaxF7aldikiy s v '(UCu.zifo'iUCL?) D #L R
mﬂ%mwtmiﬁxﬁﬂ®gﬁﬁ(hHNMbmrMMM)5;6?u4rv#47»
PHRRATE, RERICIVDEONSGEHEEEEEEEE (Pover conditoining) KL D
Vo EBICHELLZBE (50~100Kv) cZFE#EN B, FHFIF (Particle bed reactor)
OREEHL-lICRT, ©

KEROBAZEEE (H4-2) RREEF450tonll Ed Yy, BMEFEGEE Tk
Ty PCEDI~4BIRSTTEBRSNETHALTONS, THLEFRAWIELFTE

LT3,

—66—



PNC-TN9600 90-002

SPACE POWER AND P,

Nuclear Power — Essential for
Many Space Missions

Many defense missions require energy sources
that generate hundreds of times the power of
anything ever flown into space. Space power supplies
must be able to perform safely through many cycles
of readiness teshng and be able 1o d%liver their full
power instantly and reliably. Nuclear power is the

H only source that can meet these mission requirements,
:dershlp on Scientific missions such as manned flights to Mars,
1ent Space Confracts oulposts on the moon, or the exploration of the outer

planets will all require nuclear power sources. Only

.. ) nuclear power can provide practical transit times for

ady proving its expertise on long distance missions and increased margins of

wernment space programs such as: safety for projects such as o lunar outpost, where the
. lunar night is longer than 14 earth days. Nuclear

1 [rradiation of PBR Fuel Element) power is essential for missions beyond Mars — the

esigned, developed and extraordinary Voyager space flights would have been
id fuel elements to e —— impossible without it.
concept for the PR Commercial manufacturing plants in

of Energy. The
sonducted af the
2Research Reactor
itional Laboratory.

space are expecied to require
undreds of kilowatts of power,
another challenge that can
be met by nuc?ear energg.
Concepts have olready been

i-Megawatt _ d f biti
) propesed tor orbiling
OF::"? ram) [ central power stations thot
’ch) ES €, will transmit power by
0 Ber ¥'s microwave 1o numerous
am iy l e- user satellites. A nuclear
ihcep U0] reactor with only minimal
".}HUC ear shielding could readily
1ec ec_>r power the central
. station, since
gic the satellites
ions. would be far
4 away from
- the radia-
s a tion field.
an-
e de- '
uclear
e for
of Defense
is advanced
burg, Virginig,

1 and manufac-
one of the few facilities : C

fates that can handle the - -

r materials required for high-power- Particle Bed Reactor

reaclors. The plont's proven quality . . ,
curity progroms are models for the Mockup of Poriicle Bed Reaclor for multi-
acision manufacturing capabilities have megawatt applications.

-ated on some of this country’s most

¢ advanced products and materials,

R 4-1@ Particle bed reactor
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Nuclear Power — Essential for

A Compact Reactor
Many Space Missions

for a Wide Range of
Missions

Many defense missions require energy sources
that generate hundreds of tfimes the power of
anything ever flown into space. Space power supplies
must be able fo perform safely through many cycles
of readiness testing and be able to d%liver their full
power instantly and rellcbln. Nuclear power s the
only source that can meet these mission requirements,

Scientific missions such as monned flights to Mars,
outposts on the moon, or the exploration of the outer
planets will all require nuclear power sources. Only
nuclear power can provide practical transit fimes for
long distance missions and increased morgins of
sofety for pro"ects such as a lunar outposl, where the
lunar night is longer than 14 earth days. Nuclear
power is esseniial for missions beyond Mars — the
extraordinary Voyager space flights would have been
impossible without It.

Commercial manufacturing planis in
space are expected to require
undreds of kilowatts of power,
another challenge that can
be met by nuclear energy.
Concepts have already geen
proposed for orbiting
central power staiions that
will transmit power by
microwave o numerous
user satellites. A nuclear
reactor with only minima!
shielding could readily
power the central
station, since
the satelliles
would be for
away from
the radia-
tion field.

B&W is designing and
developing an innovative Particle
Bed Reactor [PBR} to meet a
wide range of power and
propulsion needs in space. lts
iremendous flexibility resulis
from the large amount of cooling
surface available in the bed of
microparticle fuel spheres, each
about 500 microns in diamefer.

The PBR is based on fuel
particle technology first
developed for commercial
high-temperature, gas-cooled
- reactors, The use ot a PBR core
as a heat source for hydrogen
propellant builds on technology
derived from NERVA and other
engines that were built in the late
1940s under ROVER, a national
program to develop a nuclear
rocket engine. Advances in
materials and computer
technology have now made it
Eossible 1o arrange the particle

ed to suit a specific mission. in
different configurations, the PBR
core can be cooled by a gas
mixture that is optimized for heot
transfer characteristics, nuclear
effects, and power conversion
efficiency. High outlet
temperatures in the PBR con
achieve a high specific impulse
for propulsion or high efficiency
for power generalion.

A. The microparticle fuel bead consists of
a kernel containing fissionable mate-
rial surrounded by coatings engineered
to provide fission product containment,
strength, and kemel protecion.

w
by

The fuel particle bed is conlained be-
tween two concenlric, precision porous
metal cylinders, colled frits. Gas cool-
ant flows through the bed in o radial
direction. This arrongement resvlls in
minimal coolant pressure drop be-
tween the “cold” inlet annulus and the
“hot" oullet channel,

& Particle Bed Reactor
Mockup of Particle Bed Reactor for mulki-
megawal! applications.

n

A number of fuel elements are pasi-
lioned in a moderotor material that is
surrounded by a reflecior material.
These componenis and reaclivity con-
trol devices are lhe main componeats of
the reactor assembly.

B 4-1®) Particle bed reactor® EREIREHL
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5. 725 AOHERRR

75 YR TIRI983E L D CBA (RFAHIF) & X FONES (EUFHMAE L 4 —) OkHF
KX QERATODBR AT LR TV 3, BRATOR B H20~200kNe0 BB L HOEFHRI RS &
RF LT, PRELTROREBRHOEELICSSF 1 1 9 ABMERF (1088)

Q@ERHEMEB -7 ) F v ABHEEF (W) , $EUOIekedHOBEF X
BRHSNTVE, DTN T LA by 94 2 v BAL, RAFRRTETEHZ. SO
B0 79 ARIEEF (H5-) HELEOBERUTIKT, SREOEILY 5 2% mH
EFB. VTV LBNBEFCH SN AFBE (Ho-Red @) X FH{LMMIID
WTH2MFHRICER AT EFEBEEL T 3,

CEATHR20ARD O FNIRATIOBRICRBL T S, RAFEDOH TS THEAHK
(Ho-Reg &) OBMARBRULLDOREDDEML TV S, BRATIICEHL CHIT LD 7 ¥
a =W EHBARENTES T, RKELY BOBMRMEICIE~3 &, HEEICHLI TEBH
HRLCLCCKODEMHPBPATOL 2D 05 LY, FAXKEPYEOHRIEHERNB A
HEIKIT Bl LT s0icd L, ERATOCRESFIAR (B ebEMIIR) ZHENT
DS,

BHBERATODHT B EIFIARIANE V v 4w + (19054 MSBITEFE) KXDTHRSC
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CONTROL DRUM

REACTOR CORE

SAFETY ROD
PRIMARY SYSTEW
CONTROL DRUM s
ACTUATOR HIELD
PUHP HEAT EXCHANGER
SECONDARY
CONDAF ALTERNATOR
COMPRESSOR
TURB INE
RECUPERATOR
HEAT PIPE
RADIATOR
(=

Lay out of the 200 kwe nuclear
Brayton.space power system.

575-1 ERATOO Hipk



PNC-TN9600 90-002

6. VEDOHRERR

-1 #®hEEAEERE
VETRIITT~BEFEICCOSHOSHEZ A 2 EIT B Lif T B, 2O 5 HCOSHOS-954121978
. AFSICBEL, COSHIS-1900i3 19885, HR~OBRENLE SN AN, 20080
FIE#E (200year lifetime orbit) KEE SN/,
COSMOS-1900R B4 DO MK L BRABEF T, MBEIUOBMMEY 5>, Thr
FREBGFARZBEFRESR (Thermionic conversion) ”C REDRIUNTSH 5,
REMAEFTEON TV I2ORTIPAIHEET, IADRABFRESFANEH AT
Ao |
BRETREFRARAFROBENERCRETFEREFEZLACHEET, REYER
BRENREFRLVBENGY, MEOR D =Y vV EFPARDERDPZOF LGN T

B &S, TIPALIORIFHFH®IEIETH 5,

6-2 HFFHOHEE
KEFLUCGERAOFARERARI STV B, CHERBE-SE-KE-HRO
JETEOOHZAH CTRET 20T, BEEIS~T0tons 05, MFFHTIZS00KWeT
BFhfkEgEz P vOBGEREBMEIWIMETH L, RFFRIPEFEFEHA VL
Particle bed reactorT, MM IIUCE L RIWICTH B, 7L A by 47 EBERAL

EEREI KBTS R B yTH B,
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T 1

VEORREEFLIUHARILE A €

(HBs) 19894 1 A11A, 19:00~22:00

(&) Albuguerque Convention Center (Albuguerque, New Mexico, USA)

B =

Ry vHEP O LONFOT 05 o TRVEORRZRITESNTES T, HAKMNE-T
%mﬁ&oﬁ&®:é?ﬁéo%@tmv§®tyvgyﬁvyﬁva%%E®ﬁK%
Fah, VEMEA (P b—-ARLEYHE) , ERGOOANEML 2.

VENERY CEIDLIIEMTAORSENAMDTT, RKEMIMI L DWEEHE - T
k5 TH5. KEMREEZEZFE "vEISCHMEZRZUITHBZTANLY FOEEFLLEY
4véﬁ6ht&®:&ﬁ&éo%%vﬁ@xyﬂ~ﬁyy£99Aé%f#ﬁtmbﬁ
ﬂ%%aofwtocﬂm%bf%@%ﬁvﬁ@%M%ﬁ%bf,%m@ﬁﬂ%%#%@
RENFHIRKL DDLU K EDIETH B, ~HVEMORERIOZTRROLHTTH
BEREAEYS, ERMEZLOIRHEEBEVEBRENELOLE s/, LML, v ERII
TREPBRAOCFERERTEHELTCOABBCy  ERESERIT TV ) & - T,
(MAEOXLESR)
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1. #& H VERESTAFHRFHHEREOE S
2 X H N.N.Ponomarev-Stepnoi
Kurchatov Institute of Atomic Energy
HEES
Ry RITLPFPEBRNFTOSERO YV EEREOHBBI & > THAUEH
RREBBIEEH/BT 5.
RARE-TRLVEENDOHHHEBICH T 2RL2UTHZ, »FFICBELL
COSMOSO BHELK, HFOLBEERCHL < 5T 5,
VELEYAINETOFEHARTHIOMARBVCESDODORE S TY
foo COSMOSIC2WL TR, MEBEFRES R (Thermionic conversion) REH XN
T b,
CHODRFIFHAECHN T 2 ZL2EBOME I IERMEL DB L,
IMEFET R ZORBHFITEbR K,

VEORFFHEOPTHRIEFLNBELLEDI200REFRESX
(Thermionic conversion) TH 2, AEFREFXINTOEVEREL <L T
EfRaN, RFFENEATEI30THTFFHECAL T3, TIPALBEICE
RLUEDBRMAL <R e S58100k0eT, MEROBHNERCATFE R
RTFEZZELAUEETH 5,
1977~ 88 ICIICOSMISIEN 2 MIT B L ohife, CHOo DR FRFEHEORR
Bt LERTHEBIA TV, EREFH/BEOAREL TR, 7427y — L DBER
ABRETE -7, MEFREFAOEFFHETI, REPDHRIII0%. F&4id3
FTh, RFFRINFEABER ST IFILRETRFTH 5,

ZOftt, Thermald X FIntermediate flux®REFFL L, SEOEFHII2

ThRIF LT B,

VETRAELRCFOFEABRBEOLDORFHHEECHR TN T3, °h
B7vArryy4 2 s AL, FHRERKET LR vy TEER2600~
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200K TH %, WestinghouseEBH A1 PRIEFRAIILEVWDOTHE, RTE
BT ARG, BOSIRIC, BRMIIL, REEIIBeTH B,

BRFEE LTH, ABHORFRHRCHTABEORNY 2 OB ICHT
ZHDOBENDH B, UFRE (Uranium textile Froride fuel) FEHFHELTX
DHRABIENTVE, ABTFERETFEOVTREEHBOBREES TV
ABSOBERCRT 2 RLABOFEETIL - T B,
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2. B =] BRETFERIFXOETFFHEORRK
K E G. M. Griaznov
tnification Krasdia-Avezda

HMHER
MEFEMSR (Thernoionic conversion) ORFFR BV THBBORY =
VT EFPHRDERFEDOFGEGNT A L0 E, 5L TIRBEBE Y
PODORBEHEITIIW “ef T, FHEERINIKTSHZ, BB Y EBEFEBRSE
?®¥#w7ﬂ&MMTééc%@ﬂﬂfﬁﬁﬁﬁﬁW/w,ﬁﬁ&Mtmeé
bDbI5, ITNKDVTRERE-F L II2ARPLITVEFHIFERIC LI ZHR
BTN -, BEBET I N-Re-WRELTH S, TIPAIEDIF S, MEHIAU0,,
MBS PEZEELIS~18nm ERIFAORBAEIZSW ‘cf, BEFFHIIE
150KET H 5. GRE : B ADEIHTNAHE) .
SO, WMAH0KND U F v LBHERF, HA00NOF b Y v aE ks
)y ABHORTREEELRETERSAMEL LTRE SATY 3.
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3. & B RFHABECIZHFEAKXBRRETE
- V. A Pavshuk
Kurchatov Institute of Atomic Energy
WHEE
COHETHAKERUSGEDHFARELAZATV S, THOLBESE-X
E-omHORBTHIHETET S, HFFHAIE00kNeTEEX2600~2900K T
5. (ER: EHWEBREDETHAHH) o Open cycleds L ¥closed cycle
(Xe-lle mixture herting) OWMENREZL SN 3, ﬁﬁﬁ&ilrl{fﬁéo BEARE
B (BHERER) oLle~0#HME L THLIN WEBLUELY 7 B EEWEL

THd, Le~OESRLIMEREALASD, KEFZAZEDHTRELT S,

FEAKEREHRMUSR (REEH~T0ton)
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4. & =] FRFRHEEORSK
B R H G. M, Griaznov
Unification Krasdia-Avezda
HBENE
19884104, COSHOS-1900 (¥R : MK~ OREHNLE &N L) H220FOHE

& (200 year orbit) IKEHZ Z EIZHII L7, COSMOS-1900XBH I OE &
SHEGEHGRF T, ITF0EEEKIDRD, BERIIIBEHEY 7 v, KK~
) )4, BEMIERF L BTHB, Orientationds X Stabilization

SystenlZIEEICIEE L #,

TOPAZIZ, At 3T, COSMOS-19002 RBU R FHFTH 5. TOPAIOR

FEHELT, ASE~OBEREAREHR I LN ST B,
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5. HERE

KEEGVvEOILDORHTOHEBEIEVE LN ?
Yes,

VETHRIAFOEEREST RN HRoverDFRNORIEDON T
EFEIEED,
AYNVT L« U HAITNICEBEREFRNRIZATHEN?

Yes,

FOBES VI I REeE— A TEEIOH?
Yes,

TOPAZD E & & L 7FShadow Shield®Half angleic 2 TEII W,
ZONHOHEMTHLBVOTHEREIbLOL VN, HEEHIIT L ~10ton, 0=
10"*12(16&“(3550

>0 =0 >0 >0 PP

Q. FFHEEAORB I LTREARTEHEAZLZTHEH?
DNZIrCI 20 T2 K TERE T -, OMICKBOBRB AR LT
%,

=

KEF RN IAFRFAHEC R FLORAL R LI Y
200~ 800Kw

v EBTIERTG (Radioisotope Thermoelectric Generator) I LB FEHFHR
FHRRBEHA LI EFDEZIN?
Experimental studies® BETH 5,

Xe electric jet propulsiond LTREANTEEZRIFILTHEN?
lonic, Stationary Plazmak X fPulse Plazmad 3 HRAZ¥FA T TH 3,

FAXERBEROBER B NN ?ENETLET 507 » PRI ON?
BEERBORERILH~T0tonT, 2hET LT S59y 5 PREBRKF S,

FEERBOREFFICDOTHBRFILLEN?
FREBHAZBRDLEDOT, ERXLHEFTET L,

RFFGEEEAT LT 2RCEFFEEROARBER N ?
HAORBEHIC DN TR LTS, (GRE&E: RKETHRDPOEFFEHESP
-100i%, HEYHOBREZEL THELRAIE TRRFFEZEDHLALH
#THbH, )

>0 20 »p 2P » D »P

VEOH ERBRBERIEAFFEMELOLILEREL T 007
BMEALTRERETE T,

VECERFIAREEETEFILREFHREZIT LA LERMTEARVS
"7
HREOHEBCH ETFAI LR BLTOE2EEEFED B,

EAKRERERORFHRE YV Y OBEREREIY
WokHlTH 5,
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cientists

By LAWREKCE SPOHN
Stafl repontsr

A logal television station reported
they were in Albuquerque to LEARN
about advances In U.S. space nuclear
POWET.

But they were introduced Wednesday
night as “the most important people in
the most important program in the
world In our field.”

»For three hours, a delegation of
Soviet scientists captivated an audience
of some 400 American colleagnes with
details of the ups and downs of the
Saviet program to power space vehicles
with nuclear reactors,

Delegation leader Nikolal N.
Ponomarev-Stepnoi, . the first deputy
director of the Kuwrchatov Institute of

Atomic Energy, said that space explora-.

tion of the futnre would require “large
power usages that ¢an only be supplied
by nuclear sources.”

Tt was a fitting beginning for the final
public session of the Sixth Annual

Symposium of Space Nuclear Power
Systems, a symposium that appeared to
be trying to convince itself and the rest
of the world that space nuclear power
was coming of age.

While the US. space program has
relied mainly on solar energy and
passive nuclear generators, the Soviets
have built a cormmmanding lead in the
field.

Ponomarev-Stepriol noted that once

the two countries were neck and neck-

in the technology race.

“Suddenly, you stopped doing all'the
work, while we've gone even further,”
he said, referring the lull in the TS,
space program in the 1970s.

No less than three U.S. government
agencies, various national laboratories
and a host of private companies are
now pushing to develop and test a
space reactor by the middle of the next
decade.

Ponomarev-Stepnoi detailed the re-

cent successes of the Soviet thermionic
reactor program which, borrowing

for spa

“Suddenly, you stopped
doing all the work, while
we've gone even further.”

Nikolai N. Penomarev-Stepnol
Soviet scientist

er oel

some I.S. technology, powered the
Cosmos series of satellites, including a
group now used to track US. naval
vessels,

But he also confessed Soviet fajlures,
particularly two nuclear reactors that
fell to earth, “Our government is
watching this Issue very closely ... to
keep radiation accidents from happen-
ing in space,” he said.

One of the Soviet satellites spewed
radioactive material across a large tract
of Westen Canada; while the other
tumbled into the Indian Ocean.

Professor V. A. Pavshuk, also of the
Kurchatov Institute, told the sympo-
sium about preliminary Russian de-

ls fr

velopment of a reactor-powered space-

ship that could carry men to Mars next,

century. :

Pavshuk’s proposal, which
Ponomarev-Stepnoi  good-naturedly
called the “Mad Mars Mission,” would
use a 50-to-70-ton vehicle propelled by a
thermal reactor.

An American scientist asked how the
Soviets planned to get all that mass into
space. Referring to the Soviet's giant
cargo rockets, Pavshuk smiled and said,
“We have the vehicle to do I1t.”

Although several American leaders
seemed disappointed with the - thin
technical presentations made by the six
Soviets, Professor G, M, Griaznov, of the
Unification Krasdia-Avezda research
center countered during his presenta.

tion that, he would *follow the lead of -

my American colleagues at this sympo-
shum and eliminate most of my nwmerf-
cal data.”

Several American scientists said that
presentations at the conference, partic-
ularly from the the national labgrator-

"
gt
OVIeILS
ies, were sketchy in detafl because of
the Soviets in the audience.

The Soviet delegation leader did
provided some details on the Soviet
efforts to develop a nuclear-powered
rocket. With a wry smile, he suggested,
“After we get further along we propose
testing these engines on Westinghouse's
test stand.™

The remark drew sustained laughter
and applause, because the Soviet scien-
tist had named another technology,
nuclear rocket engines, where.the U.S,
once held a commanding lead.

Asked whether there was opposition
to space nuclear power in the Soviet
Union, Ponomarev-Stepnoi said that
before leaving Moscow he met with the
space program director Roald Sag-
deyev, whe recently announced his
opposition to nuclear reactors.

Ponomarev-Stepnoi said, “He told me
his apinion and I told him mine. And we
were both so glad that we each could
tell each other our own opinion in our
own country finally.”

¢00-06 0096NL-INd
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7. KERLU 7S AOFHRAMBRHHORARERA

FHABETFHAHTS ¥ OBBRRR, BEF5 Y ORI KEFEHARI VLD,
SVI—fhoORMICL - TERERERSHE L, BRRERTRBHEED 4 RICHH
T51D, 5V sONRLOLEDIEREELDLTO LTI ENEHTS 5,
OB RBEBCTHEDL TS Y I VERERRT ZLDOCR, BAMCFLBOEES
400K BE (1I00CRE) KT 34ENS 5,

HLOBEic Ly, FERETFORMERES ICRFFERSOREHIE, RO
BEAGEFOEZN (A —RXFF A B2AF YL AME) LODBOHAENREREN B,
FRSVI—FRAARAMBELTHE, E, KBES XCENERE)ORETED
BOIENEREINS,

AETRINSOMBIKEIIRER LT 77 Yy 2OBBBRAL DV TRT,
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ftag 2 AESICAOFHABUME

PRC-L1ZNb-1IrOBRZEHTO 7 ) —FHBERM RSO TV S, 1100T (1373K)

Wk 5 1 %Creep strain, THEWO 7 ) —7RERPIC-11054, M1 6Ke/ mn?,
WNFEMOBERIRNLDEY,
(3CHK 23
NRELE= Vv 27 2EFTBW fiterK K 2MBHEAMCETIAEDRD Y |V —

(Nb-1Zr)
THBRER, XF -2 XOEET S L1500K, 1 %strain, 10EBO 7V ~-FEEE,

WEMM B6Ke w2, PHC-1121Ke / miEEXN 2,
(ik 3 )

WMEZ L) v P REFTEA-K YT, A NI BHRESHOBBE, RAFHFEN

REINTVE, COMBRS VI -2 A rHOLOT, BR, SHIKE, H2E8E%
TRO->TVDd, A—F 77478 (HEpn) BROBHE
vV T#R 69, 000Kg.” mm ?
PR3 R & 207Kg.” mm ?
& B 2.158 /cd
Habe L To®MY ;
YR 30.000Kg”mm? (Fig, 4 &)
(Copper®#y 3 f&, steeld 2 f&7)
MEHEBE/ BE 774 FHROMETBediA,
7rANEAETHOEECopperdk D,
(k4]
A Preliminary Assessment of Reactor Candidate Technologies for a 20KWe
Space Nuclear Brayton System, CEA (Poster session)
HMEMS L THBEEM CHo-Re& & (Mo-13Re, Mo-41Re, Mo-51Re) *HH. BEE
FIRE1420K, Mo-13Red X TMo-41Reic 2 TiRLiIG Ok ERRABR S L CBEHEHAZ D
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BEABRRIBTEIDITREDLDATNEE NS, ¥R F—ty vz VERAEES R F
HRBICIZTEROZ V- THREF -7 DREATR (strainld B HFRA)
Mo-51Re-- 10Ke, ma?

Mo-14Re- 2 Kg./ em?

z2_=

1} SP-100EHO#AMHELTIH I OMicReentry shieldic B4 % Carbon-Carbon composite
(5774 1Dty 7 REH—RYT 7 A NTHE) 555, EHEMEIN0K,
T00sec.
Al I I );’ﬁiEZIK'G%)/ft%ﬁ%ﬁ%ﬁf —ABHEL, %’iﬁ-ﬁ#&ﬁﬁ%ﬁ@—%&%ciz
FHEILEBTROABID LA EN LD,
) sYI—sHBEWMMBORERE (J00K) 2RT-1KRT,

®7-1 svz-—-s iR OYERE (300K)

% E m o H F SHELE /TR
(g /c) (W,/m + K) (W/ m -+« K) / (g /ci)
Beryllium 1. 80 l88 (99 59
Copper 8.64 . 364 (346) 40
M Fiber A FiterEA A M
67% Gr/Cu ~4.0
70 . 10

# opav=17%x0.67+8.64x0.33=4.0
Gr Cu
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XK 1) LONG-TIME CREEP BEHAVIOR OF Nb~1%Zr AND PWC-11

R.H. Titran ,
National Aeronautics and Space Administration
Lewis Research Center, MS/49-1
Cleveland, OH 44135 '
(216) 433-3198

1.2
10l Nb~12r "Nb-1Zr
) 1475 K - 1h 755K~ 1h +
20 UM gs W75 K-2h
T ~80 UM gs
= .
£
N
=%
b
S 40—
PHC-11
.2 1755 K - 1h+ 1475 ¥ - 2h
(AGED 1000 h - 1350 k)
1 * ! =
0 4000 8000 12 000 16 000

TIFE. h

Bl7-1 Creep Curves for Nb-1%Zr and PWC-11 Annealed at Indicated Conditions
and Tested at 1350 K and 10 MPa,

DESIGN
A TEMPERATURE 20 MPa = 2 K3/ mm>
| R |
MW - — — —~ -
|
S N
16 ' PHC~11

(Rb-1Zr-0.1C)

13113 K
(tioo)
/~ COARSE

PROJECTED CREEP STRESS (MPA)
FOR 1Z STRAIN IN 7 ¥r

1300 1350 1400 1450
TEMPERATURE, K

BI7-2 Temperature and Greep Strength Potential of PWE-11 compared to Nb-1%Zr.



(X#¢2) CREEP BEHAVIOR OF TUNGSTEN-FIBER REINFORCED NIOBIUM-BASED ALLOY

STRESS, KPa

8 8

s
8 &£ 88

p—
oo

- N

METAL MATRIX COMPQOSITES

T.L. Grobstein
National Aeronautics and Space Administration
Lewis Research Center

[~ 1500 K PWC-11 (1500 K)
- - e
=< 1 Ko, mm” —~— | ~ e 1o/
— SsalJib-12r (1500 K)
— Sy
: """lu.,..'.‘. ]O year

1 1 1 | =~

1 10 00 1000 10 000 100 000

TIME TO 1X STRAIK, h

& 7-3 —Comparison of the Time to 1% Strain versus the Normalized
Applied Stress for ST300 Fiber Reinforced Composites (Nb and
Nb-1%Zr matrices), ST300/Nb composites with angle-plied fibers,
and monalithic PWC-11 (Nb-1%Zr-0.1%C) and Nb-1%Zr.
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( X#K3) PRELIMINARY FEASIBILITY STUDIES OF GRAPHITE FIBER REINFORCED
COPPER MATRIX COMPOSITES FOR SPACE POWER RADIATOR PANELS

Juan O. Diaz and David L. McDanels
National Aeronautics and Space Administration
Lewis Research Center

RADIATOR PANEL
Q (?5\)c) Q0 0 0 0 Q.

£

REPEATING

ELEMENT TITANIUM PIPE. 15 MIL WALL

4 ’,/-POTASSIUH/HICK. 10 mMiILS

-~
0.625 /~GRAPHITE/CU PLATE
) , :
l /// “PRELIMINARY ASSESSMENT OF
., ) . COMPOSITE MATERIALS FOR
3 7 SPACECRAFT STRUCTURES”

18 | DY RODINL. THAM AND ZWEBEN
l NASA' CR-174692

DESIGN CONSIDERATIONS: © FUNDAMENTAL FREQUENCY > 100 Hz
CHIGH MODULUS/DENSITY)

® TIERMAL EXPANSION MATCHES T1 HEAT PIPE
(TAILORED CTE)

® THERMAL CONDUCTANCE PERPENDICULAR TO
HEAT PIPE MATCHES Be (HIGH THERMAL
CONDUCTIVITY)

® WEIGHT EQUIVALENT TO Be
(LOW DENSITY/DESIGN COMPENSATION)

_—
l

RI7-4 Generic Design of Graphite/ Composite Radiator Panel for $P-100 (adapted from
Rodini et al, 1984).
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£7-2 oV z—F 2088

E A x 2}
B &

Be FHEEL
[ I
EEREHE

Nb&e MEEHEEN
B

|0,000 —>
K3,/

DYNAMIC MODULUS OF ELASTICITY (GPa)

K7-5 Bffect of

250 |— Ay _
;/° £-DHA 38 v/0 P100 GI/Cu-Ti
200 — /
Z-KASA 50 v/0 P100 Gr/Cu
150 |—
100 Q';'()"O‘O?“OO—-O-OO
£. COPPER
50—

0 I I | I
300 350 400 450 500 550 600 650 700
TEMPERATURE (K )

Temperature on Longitudinal Dynamic Modulus of Elasticity,



PNC-TN9600 90-002

SPECIFIC THERMAL CONDUCTIVITY (M/M: K)/(g/cn3)

(LONGITUDINAL DIRECTICN)

150 — -
/55 v/0 P130X Gr/Cu (MCI DATA)
| ,~55 v/a P120X Gr/Cu (MCI DATA)
/
—NASA 67 v/0 P100 G/Cy
100 |—
R
AT T
/ A \— COPPER
— // A\ AT A \\_ ’ E
£DWA 38 v/0 P100 Gr/Cu-Ti l BERYLLIUM
0 | I L |
200 400 600 800 900 1000 1200

TEMPERATURE (K)

Bi7-6 Effect of Temperature on Longitudinal (parallel to fiber direction)
Specific Thermal Conductivity,

SPECIFIC THERMAL CONDUCTIVITY (W/M 'K)/(g/cn3)
(SHORT TRAVERSE DIRECTION)

8

80

60

40

[
(=]

y — BERYLLIUM

COPPER —
/!

/

S5 v/0 P100/Cu
(MCI DATA)—,

NASA 67 v/0 P100
Gr/Cu

200
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1200

B 7-7 Effect of Temperature on Short Transverse (through-the-thickness)
Specific Thermal Conductivity,
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8. B ERRGME

-1 —a—AF L 0REFERTHFER
(35R3%) University of New Mexico
Institute for Space Nuclear Power Studies
Chemical & Nuclear Engineering Dept,
(E&%) Professor MOHAMED S. EL-GENK--Director (¢ ¥R U o A FiEH)

William J, Rider -+ fGraduate Student

(srfEB) 1.712

FrROEBELLTICIRT,

Chemical & Nuclear Dept,

Institute for Space

Nuclear Power Studies

(a part of Dept.}

Space
Ceramics Plasma

(Prof, EL-GENK)

RELAEREBELTR

O E-FMTORR-SP-1000 | KEAROEHOLDELIZBERT 5 DOE
P4 T REORREDMKERLAL V), ERRARTREKL ST, SEFNE
DEREEV I,

@ Trigger Type Reactor WP LA EAZER - 200ADFBEE I DKV —THH 5,

SEDSynposita TEHERI D REFINLAEXRLTOREY,

© Reliability Strdies of the SP-100 Dual-Loop Thermoelectric Electromagnetic

_...89_



PNC-TN9600 90-002

Pump,
@ Reliability Amalysis of the SP-100 Systenm

@ Coolant Radiclegic Gas Production in SP~100 Class Reactors
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-2 B UF 4 FEIAHRN
(i5RH4%) Sandia National Lahoratory
(E %) Paul Pickard--Division Supervisor for Reactor-lLaser. System Div,
Milt Bernonft,

(sifB) 1.713

TAFAH Ty b (MMN) FECEETALTORRIC OV CINPIZTHWEER T L,
m%m?NTMHMﬁ%&bcafﬁﬁﬂﬁbo |
MWaH B DOBS & TFDODIC X SDIBF RO — BT, W~100MEEOM DO EHRB T
HEFHEECHTE60TH 2, ARERRXIOS BRIMOBEFIEEHT 58
WAREITE > T 3,
@ PHT (Particle Nuclea.r Tests)
Trigger Type Reactor (REFD D& D 2~ 7 P w#E) M Particle Bed

ReactorDBR AR, MBI ZER0.5nndDUC. T, Babcock & WilcoxhifliE,

Fuel particles

specimen
(casing: W)
ZrC Moderator
::i,J s
DN

C J#1U2D 0.5m

Fuel particle !—’/ ¥

1.5mé¢

Core configuration

MMEEIZZI00T (EC.OR M 122400C)
HAEEIZ100~2000W e
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@ PIPE (Pulsed Irradiation of Particle Element)

Annular Core Research Reactor® {f - 7z Nuclear Propulsion® EEf st ER,

PREIEE : 2000K Coolant :
. Hagas
HABWE 2 KW o 100m/s /Re(po“’“)
BEHIM  kFEH R
eoll |1 |5
BB RRIMBONTOBSLFAL, Fuel Iag) 10 |69
particles {I'g o]
UC,.+ 2B 3,
IN{ +BEOUN,, iR w272 — O8RS )
HLHTLE AR,

BRRBBEFritt R BAFOBRKOEMIcARS NS,

FritO Wi idRe, ABRSISTOTR L IHE,

Frit@&RIR15ft (5 m) ,

COMBTREFF Lperiod (. 5seclucu b3, FOHCTHEMEICL O KB
THADED S, KBy va YELES ERORTHE TR0 BREMI 1
CHRMIEF e B, |
® Remote Robotic Technology

KE (S-Cubed Co.) THHELLSKBLALHRELREEENT2-00
“Radioactive-resistant telerobotic space craft” OBRHF GTH ofcdtrH, ©
Ry FEHE I TicSandia Pulse Reactor (Fast Spectrum, for weapon Simulation)
KEOTHEAEN, ANHOEBEZB LFOEES* AL ED I LB IR - T3
EH,

2Ry FPENEFEAOCHTENBATATHA S,
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-3 BUTA W FREOVUEALRE B FE: BEFHIES
(Eh104) University of California, Los Angeles
Mechanical, Aerospace and Nuclear Engineering Dept,
(M%) Farrokh Issacci--Graduate Student

(FEE) 115

O E—tod TREBROBRER
ww3JUMM®§ﬁK¢@,SFNMNW$%E%€%$&méy-t—rﬂ4
7@%&%*%5&@@%%%@%ﬁﬁofhéo%ﬁﬁ@ﬁﬁzwit—bﬂ47
TR, L WFEe ST REDEREEORYMEREBHLMET 2 HD,

WA o DBRTBEIEM S T K ov (6005 M) T, REEENSAD S OBFRR A,
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EXRERIMENTAL APPARATUS

Figure 1 shows the schematic of the experimental ap-
paratus. A rectangular pipe has been designed and built
to simulate a heat pipe. The bottom of the pipe is a plane
wide and thin channel which contains the working fluid:
Two layers of stainless sicel mesh (300 series, 400 mesh)
arc fixed on top of the liquid channcl to serve as the wick
structure. The axial sides of the pipe are made of glass
to permit flow visualization. The wop of the pipe is insu-
lated. One cnd of the bottom plate is heated by patch
heaters which supply up to ten watts per square inch. The
other end is cooled by air flow. The middle region of the
bottom plate is insulated 1o be adiabatie.

Instrurent Ports

Paich Heu{e/r

Insulatien Stock

SN 8] ] |
Cosling CN

Experimental Rectangular Heat Pipe

Freon 11 and Freoit 113 arc chosen as the working
fluids. These fluids have low latent heat and low boiling
point and are easy to handle. The low latent heat allows
one to drive the vapor phase hard with low heat fluxes.
A scaling analysis wifl allow one 10 generalize the results
to other fluids.

-The axial and vertical velocity components are meas-
ured using Laser Doppler Ancmometry. The temperature
and concentration profiles in the vapore core are mcas-
urced simultaneously using twin beam laser holographic
interferometry. These mcthods are described briefly in
the following.
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8-4  ETEC

(35H %) Energy Technology Engineering Center

(E£%) H R Zwig--—-Project Manager

(s5fE) 1./16

(D Space Yacuum Chamber
SNAP-10A (1965 3 AT .EWf) o&HRD
HIERAEshLL, £0%, SP-10008KEHE
DHRBICER s, FRFENAOE
Bellows fof Heat Pipe
Compressor-—-volume expansion of Li

Pressure Transmitter

N2 gas
cooling .

circuit — —a

10 7® torr

Insulation--between Radiator and Components

Lin L& HD0EN o FEMRONT, Hikd,

O

R 8 3mH

fu

0.5m¢

@ Refractory Material Eodurance Test in [nert Gas Environment

No-1Zro s REABRI NI LD,

® ETECidRockwell International Rocketdyne DivisionD O bhicH 5,

Rocketdyne Div, THRAEOTXTOFHE w7 v POBERHARMK TR ORI,
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8-5 TFAIURBUAWMEHRIIR b
(ZhR94%) Argonne National Laboratory - West
(E£%) H F. McFalane
S. G. Carpenter
D. N. {lsen

(FFE) 118

ZPPRTIISP-100DF L (%) @Eﬁﬁﬁﬁﬁﬁﬁbnt; SP-100D L& L Tidlos
Alamos Design, GE DesignT E#HE OBV S YD, OTFNBIPPRTF R F &N, BE
REHHGEIC L B3 DT, HBIUDGE DesignE bEL - T3, (H-1BHE) . 5Hth
Symposium bn Space Nuclear Power Systems (1988) TREFES N~ —sv—THES, 0HP
i QP L Y SR |

BRAARTRBHMLIOROCESITCHELLNaBH N TS, Nald A »IiTHA
SNT5H, E£/zFlooded Core (BEHIKBEL, LIXBEAKTESA - FL) ORIEE
AEDDIE, KORVERIzF L rE2ET0d, Flna AR FLBRICZHESE
LkFoil@ﬁﬁ%ﬁi:a‘-ﬂOz‘?&béo

IPPRIZEH LB, Space ReacterOEBRBSHIT DO A TFEIINL L,
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BASED ON GENERAL ELECTRIC DESIGN

7
[]
(3
]

N % B3

37% Enrichment Fuel Zone
56% Enrichment Fuel Zone
74% Enrichment Fuel Zone
93% Enrichment Fuel Zone

B4C Control Rod
BeO |

Vessel
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FIGURE 1. Regimes of Possible Space Power Applicability.
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