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ASSESSMENT OF REACTOR TECHNOLOGY FOR 20 kWE NUCLEAR BRAYTON POWER SYSTEMS

coolant if appro-

coolent if voids are not appropristaly
pristely {nsulated

distributed to sccommodata the
thermal expansion

““m’goum LIQUID METAL FAST BREEDER REACTOR GAS COOLED REACTOR
CRITERIA UGy/NaK/18SS | UDy/Ne/318SS UN/U/Ma-Re HTGA PEA 1H - PR
1 1 %650°C 15 650¢C t<1150¢C 15 850°C t5 850°C 15 §50¢C
+ UCq soluble in cold water
. Uquid . Froten coolant at faunch e UDy TRISO or BISQ sl purticle
. Low core parosity|. Risk of eritieality
LAUNCH SAFETY , Chemlcal reactivity of the liquid metal with water ::‘“:"':':: ',’"‘“'
. Subssquent risk of erideality in caze of ruactor immersion 7 « high core porasity
. Adequacy of salety rods or rars earth poisoning 1 . ﬂl}"“ particls
spi
TOTAL SYSTEM MASS ‘
2200 & 200 % 2000 & 50 -e= 3500 & 200k 050 &
FOR 20 KWE ? 200 U 10019 2050 kg
FISSILE FUEL DENSITY 4.8 g/emd 4.8 g/emd 6.25 g/emd 0.5 2.2 g/cm? 1.8 ¢/emd ‘ :
FISSILE FUEL INVENTORY ‘ | 12ty
{93 % U22§) 15 kg 75 kg 110 kg 177-+-133 %y 137 &g
STARTUP . Uquid caalent . Thaw of frozen caolant o No specific start or restart problams
RESTAAT « No hreeting of the| , Questionable restart with frozen

. Comparable time needud for startup as for the LMFBR's,
if cantrolled by the tempersture gradisnts within the cors

IN ORBIT OPERATION
RELIABIUTY

DRIFT WITH SUNUGHT
COOUNG ACCIOENTS

CONFINEMENT OF
RADICACTIVITY
AT SHUTDOWN

. Possible active redundency of convarsion foops

» Intagrity of looss
particle bad ?

. Integrity of K

moderatoe 1

. Possible passive redundancy of canvarsion loaps

+ 8 % in hellotynchronous arbit

. Marginal

3 % in hsliosynchronous orbht

« Satisfactory response to failures of turbogenerator or
tlectromagnede pump

. passive remaval of atterhent in case of Loss of Flow
Accident '

. Analysis of the Lots of Coalent Accident in prograss

. Satistactury rasponse ta lailurs ol turbogenerator

. Pessive ramoval of altarhest in case of Loss of Flaw and

Loss of Coolant A

ceidonts

ENGINEERING COMPLEXITY

. UMFBR derivative rasctor cancapt
. Exparience of fual rod assemblies

. Technolugy date base existing on Sodium end NaK

N

« KTGR derivative
teactor concopt

. Szoariance in tuel
particle tachnolo-
oy i Frenca

. Experionce in
HYGR technology
outside France

tooling draing

= lnnovative rezctor concopts

+ Qualificaton requiced lor ¢
« thesmohydraulles
- bahaviour of loosi particle bed
- Plugging of porous bassfsrs or

.Complax cooling
scheme for 10 of-
ficiant contral of
UH temperaturs

Need lor efficient
petmestion bareiet

REQUIRED
SPECIFIC DEVELOPEMENTS

. Additionsl qualification of J18 S$
required for temperatures above
550°C

. Ma-Re alloys
. Lithive technalo-

[
. UN fusl

. Spacific large kermal and thin coatring huel particls
. Qualifieation of candidate supuiafloye

. Nuclast thaw procedure

Hshic & 5 E{ES A AR

. Innovative teactor core concept

LUl
,Permeation berrier _

RISK IN COST AND SCHEDULE

Low

High

Medium High Medium High
CONFINEMENT OF . Compatibility with the use of 318 §S |. Probabdls « Campatibifity with the use of haat rasisting superelloys,
RABIOACTIVE FUEL IN CASE a3 structural material, to be to ba demonsusted
OF RENTRY demonstrated
Al TAPOLATION
POTENTIAL OF EXTAR 45 W 50 kWe 130 kWe 80 W 10 iWe 50 \Ws
{Sne 150 md)

Table 3 - Comparative Evaluation of 20-kWe Nuclear Brayton Systems.
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0. 296MA7e o v o0 000 v v v 13 2kgf/mn?
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o=aBE+AT/ {2 (1-v)}
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RDEHI2E 5,

c=10. 1X107°/Cx2, 18x10*kef/mm® (132. 5-5) /7 {2 (1
—-0. 3)} =20. 1kgf/mm?

COMERLEEO0. 2 % H LB L THINI VTS 3,

i & WHER
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RGN THERE L) ObDEAWVWS, ZOMOHEIZROL 5T 3,

NER S RE /S ERE -« -« - - 132. 5°C/5%C
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LiHOEEZ0. 8 2ke/cn’s BeDEEIF1. 8kg/cn*SDT. B e DERIZKRD
LDl B, |

500kex (1. 8+0. 82) =1, 097. 6ke

fE->T. COBEHWE 0 0 kgDERIIMICI B,

RICZrH: KRATBEERF T2, LiH, ZrH, OBERUATFRBIZ. TR
DLITH5,

LiH: ®B---0. 82kg/cm®, HFRE---7. 95

ZrH, :®E- 5. 6kg/ecn’, HFRE--:93. 24
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->Ts ZrH: RRAABEOERMINBRDOL DI,

500kgxd, 86=2, 93 Okg
2, 930kg—500kg=2, 43 Oke

2. 1DBREBHROBER%E15, 000kgsdT5E, W1 6%DERMMLEEL S,

3. 3 RKIERTFH
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S5HTV 3,

RV‘R(Reactor Vessel Rupture) BECCSRHEDHA X 1077/ fF4EE
RPPEROBIBRERICE LTI, MIBBIROHERIRE L Sh TV,
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small LOCA (1/2 " =2") 10°3/ JEEE
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BRATBETDE, FFPEABO/NIUEOBHEREE

1077/ JALEX 1 0 =10"%/ 4F4E
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Proven Technology

The CBC technology hus
been demonstrated at NASA Lewis
Research Center, operating over n
range of 6 to 12 kilowatts of clec-
trical power under conditions sinmu-
lating space, Using conscrvative
turbine inlet temperatures of
1600°F, the CBC system achicved
overall heat engine operating cfli-
ciencics of 29% including all para-
sitic losses from controls and
pumped cooling Muids. These tests
were conducted with non-developed
hardware; further evaluations con-
chuded overall efficicncics in cxeess
ol 32% werc achicvable, The present
CBC design for Space Station, with
more stringent load demands, con-
firms that this prediction was valid.

The CBC has tremendous
growth potential through technology.
Allicd-Signal Acrospace Company
is currently developing ceramic ind
carbon-carbon (urbine materials
which will allow a twofold increuse
in turbine inlet temperature with a
commensurate increase in cllicicney.

The inherent (lexibility of the
CIC o opernte over a wide mnge of
temperatares allows performance
to be optimized for maximum spe-
cilic power, minimum radimtor arca,
maximum clliciency, or any desiri-
ble combination of parameters,

Assembling the 10.7 KWe Brayion

Retating Unit <770

The Brayton Rotating Unit (BRU)

L)
accumuliled more than52,000 hours
of successful operation at the NASA
Lewis Research Center in Cleveland.

1.3 KWo Mini-Brayten Rotating Unit
{Mini-IIRU)

Brayton Isotope Power System (BIFS)

The mini-BRU is at the beart of
the Brayton Isolope Power System,
an isotope-Tueled dynamic power
conversion system for spiee applica-
tions, BIPS was enduranee-tested for
maore than 1000 hours in a vicuum
chamber simulating spacc cnviron-
ments, The BIPS program, compleled
in 1978, led to the current Dynamic
Isolope Power Subsystem (DIPS) pro-
gram, which will gencratc between
six and ten kilowalts of clectrical
power.

Citaway Brayton Rotating Unit




