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Conceptual Design Study of Fast Reactor

System for Deep Sea Unmanned Bases

Akira Otsubo * , Kazuo Haga*

ABSTRACT

{Objective] The objective of this report was concept construction of a fast
reactor system for an unmanned deep sea base using a power source larger than 10

kWe, which is expected in the former half of a next century.

(Method] Based on the studies performed until now, a compact system design
was completed. The design used a NaK cooled fast reactor system as a primary
circuit and He-Xe miture gas loops as secondary loops.

Some studies were performed on the safety design, the operation method of the

system, and the radiation damage of cables and paints.

(Result] The system concept of the reactor and primary/secondary loops set

'® was constructed. The safety design

in a pressure hull using two spheres of 2m
study was also satisfactory at the present stage of the study of the fast

reactor system.

¥ Frontier Technology Development Section, Technology Development Division,

O-arai Engineering Center
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Dimensions of a Turbine

‘ TABLE 1
SELECTED CLOSED BRAYTON CYCLE PARAMETERS
BRU MIN|-8RU
TAC DIAMETER 20in 59In
50.8cm 15.0cm
TAC LENGTH 36in 1191n
91.4cm J0.2cem
DUCT SIZe 3.5,45,6In 25In
8.8,11.4,14.4 cm 6.4 cm
RECUPERATOR SIZE 20x20x851n 22.6x10.9x5.8 in
50.8x50.8x21.6 cm 57.4x27.7x14.7 cm
TURBINE INLET TEMP 20601 2060 R
1145 K 1145 K
COMPRESSOR INLET TEMP 539 R 834 R
239K 237K
COMPRESSOR INLET PRESSURE 23.7 psia 70.6 psia.
163 kPa 487 kPa
COMPRESSOR PRESSURE RATIO 1.90 1.50
MASS FLOW RATE 0.835 bm/sec 0.357 bmaysec
0.373 kg/sec 0.162 kg/soc
WORKING FLUID Ha/Xa Mixture He/Xa Mixture
Mol Welght-83.8 Mol. Weight-83.8
OPERATING SPEED 36000 rpm 52000 rpnr
QPERATING TME 2 units total 1 unit total
52000 hours 1006 hours

" ROTATING UNITIS A TURBO-COMPRESSOR PROVIDING SHAFT POWER,
RECUPERATOR/HEAT SINK HEAT EXCHANGERS AREINCLUDED IN DIMENSION

*" 4 RECUPERATORS PER UNIT
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2.4  (1./3) HOERPEREES (-2 A)

Concept of Control Rods Arrangement (Case A)
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Concept of Control Rods Arrangement (Case B)




PNC TN9410 93-064

(ZoH) . /ﬁ”,"*
/

LR B

X 2. 4

(3/3) HEBERTFEREELRS (- ZC)

Concept of Control Rods Arrangement (Case C)
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Radiation Experiment of Paints
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Radiation Experiment of Paints
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Radiation Experiment of Paints
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TYPICAL RADIATION DAMAGE THRESHOLDS
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Fig. 7.3 Typical radiation damage thresholds. Courtesy of U.S. Depariment of Energv and Rockwell International.

R. V. Anderson et al., “Space Reactor Electric Systems”
ESG-DOE-13398, Rockwell International, 29 March 1983.
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Threshold of Radiation Damage of Varaous Materials
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Damage
== Slight
=
A A S A A S 4
Tef1on (TFE) 1Z |
Tef1on (FEP) . |
Polypropylene 77
Polystyrene oty
Polyvinyl Chloride 75 |
Polyethylene 7|
Epoxy 77/ |
Polyurethane /447
Polyester 7% |
Silicones 7 |
Melamine (Formaldehyde) Y7777
Urea (Formaldehyde) 74747/ |
Aniline (Formaldehyde) |
Rubber (Urethane) 774 |
Rubber (Natural) NN /7777 |
Rubber (Silicone) 77 |
Rubber (Acrylic) 77|
Rubber (Buty|) A
Rubber (Polysulfide) | 17728
104 1[0' ! 1lo° Ig' IIO' 1:)' 10
Gaoema-ray Dose(rad)

(138 : "Nuclear and Space Radiation Effects on Materials”,NASA SP-8053 )
(i3 : "Space Materials Handbook™,NASA SP-3051 )
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o EHER80KIcH T A IARGEY
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one==0.63229 kg nf , 0x0==21.142 kg/ nf
V=0, 660470, 632290, 6-+21, 142x0. 4) =0, 074738nf / s
(b) REXURDOEE
@ 380KDH e #tkfl (at Sata)
o =0.63229%g,/ nf
=2,39088 <107 %kgf « s,/ nf
=0, 15605kcal,~“mhK
co =1.24kcal kg < K
a =50528x10"°nf/ s
vy =3707x10"°nf, s
Pr =0.6707
@ 380KD X e #¥tEf (at Sata)
o =21.142kg/ nf
==2.9886 X 10" %kgf +s./nf (at lata)
=6. 1734 X 10 %kcal /mhK (at lata)
ce =0. 03882kc2a1/kg <K

a = — =2,0894%10"%nf s
Ce O :
n-*g
y = =1.3853%107%nf,/ s
v
Pr = —— =(,663
a

® RETROHEE
o =8.83629%g, nf
n  =3.2248x10"°kgf » s,/ nf
A =0.0508kcal /mhK =1,4111x10"%kcal /msK
co —0.091Kcal /kg K
a =17549%10"%nf /s
vy =3,5765%10"%nf /s
Pr =0.2038
() BMZEROHE
@ [ERAEICIEC 2, B X0.015m (HHESE : 0.0279m) OFEE£EZ 5,
(BE N RK#EHHI25~30m/s FBEICIL B K DICEE, )
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\'% 0. 074738
= 5 - . (—25~30m/s & LT LEFR A 3%5E)

=24.9n/s

ued  24.9 x0.0279
v 3.5765%10"°

Nu =0.019Re> 8P r * ®=[45.9

Re= = 194290

Nu
ARz ER s = ——-—(—i- ~ =266kcal /m?h°C

@ EKNBEER a sv
WETRMEL D asw=100kcal /m*hC
(d) ZZHashEB Rt
O MBREL (TiA& (Ti-6A1-4V) DIBA]

1 | t |
= + +
K A A Qasw
A =1,7382kcal /mh°C (at 380K)
1 | 0. 058 1
= + + <> K =47. 0kcal / nth°C
K 266 7.7382 100

®@ THREZE
(185-2)-(30-2)

Atn = =82.6°C
185-2

30-2

@ Rpayg
Qri-2=K e+ Atm-e+ S,=39kWt
TERR D iz #
@ MR D1z 8 i 39X 859, 8

EHEES . 2 = 8.6nf
47.0% 82. 6

2HERDER 1 45 12.6nf SO THRMEMATEETH 3,




