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Conceptual Design Study of Fast Reactor

System for Deep Sea Research Submersible

Akirz Otsubo® . Kazvo Haga~
ABSTRACT

Objective
A conceptual design ¢f a fast reactor system was stuodied for deep sea research

subpersibles diving to the maxioum depthes of 10, 524= and 8.000m.

Method

A space reactor concepl was used for the system. Primary coolant of the syslenm
wais NaK. whose temperatures was set as 680 and 550 "C 2t the exit of a reactor
vessel . Secondary system was 2 closed Braylon cycle using He(80)-Xe{40) gas as
working fluid. Electric power oulpul was 20kWe.

Thermal efficlency. traasported thermal energy, and f[low rates and temperatures

of the gas and NaK were calcuiated at closed Brayton cycle analyses.

Result

The conceptual design was drawn ,based on the size of an each component fixed
with the catculated results of these values. The system could be set in 2
pressure hull comprising of a 9 4m'°® shere and 2 1.1m '® pipe. A simple figure
was drawn of the research submersible loading the systea. The whole length of
the submersible was about ld4m. Ils weights were sbout 100ton and 70ton for the
psxleva depthes of 10,924m and 8,000m respectively. It could be carrled by 2

acther ship,

Conclusion
. The submersible had the following features compared with the one foading

fetectric cells on sccount of affluent electric power generstion by the fast

mereactor systes.
| :;A contingous stay longer than a week and movemenl at 3 high speed were made
ii}ossible over a deep sea hottom.

ﬁjhn {1luminated region wss ve;i-yldé=ﬂprlns sea bottom survey. Observation by

watching was possible over » wide region,

© e

Lz Therefore the submersibile could be considered to be psed for detall observatlen

-
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Specifics of Preceeding Design Examples

a. 20kWef (1) b. 20kWeq® (2)
BFFE -y 700°C BFiF "y H 110k¥Wt
Fo%0O 682T 95294 70kg
LY P 116kKt .3 54 U0,
®|EH AT IVIER
IHX e u# (v} iCC 1R$EH Na 250kPa
BEHAT 102C FLAO/HO STTT/682C
XMy 102kWt E2I5-: A 128 (Be+B.(C()
T2 TE(B.C)
p-ty AO 676°C :
e - 0.886 Pt BeC+L1K
37°Vve9  ADESH  0.454Pa IHX  pr2AQ/#0 430°CT/670C
AQEER  s9C
E#EL 2.06 A ZAVZR A 27 A XIDT 2% VI A 4
g 0.838 F-b*yAQ §70°C
J-t'yAOIESH  S00kPa
AR EEX 35000 WV A D 59°C
ZE 0.890 17" by EdBIEE 2.08
VN b-F TMOAE 101Kt 3y° 3-8 HhH 8akNt
"ap% 0.842 AO/ /&0 236/53°C i
=0 86u? 5_:’
3¥°1-5  WRME  79kNt -
AO/HO 238/53C Y U-NWIAF AR 0.18 X
] 85m2
) § m¥im 375kg '
mE N EIR 5.7% .3 240%g 1
PIRER 0.833ke/s 1 X% 80kg s
2% 0.218 REX 186kg ,}
3y 1-¥ 430kg
AT h YOS 2ThWe Aan - man sk )
HE 0.182 _ |
ZRRER 2197kg
RELIRR : 110kg/kVe
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FFFAFRUCR®@AR (REs -

2

Approximate.Weight of Reactor

Generation

R+FRE
B E R
o 5
IX
B F
Eh7otzEHE%
=7V
W ER
=H
XRisEY

=311

System

SNAP-DYN oM

215 kg
136 kg
65 kg
316 kg
567 kg
204 kg
20 kg

t—

1523 kg

T ¥ :Tifd& XFE 8.020 m
*Xx :ION1H X 10,924 n

e AT V{hA{I

(mAXENA)
215 kg
305 kg
65 kg
316 kg
542 kg
204 kg
20 kg
6150 kg*
170 kg
120 kg

B1GT kg

3

= LD oo #EEx W

and Power

REk

215 kg
#2800 kg
65 kg

632 kg
542 kg
204 kg

20 kg

16900 kg**®

170 kg
320 kg

21868 kg

(10kWe)
{ 20kWe)
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Main Components of Research Submersible
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- T
— CAR
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L RERE  [— HRT4RE — (ERRE)
— mex® —L— ZMEFRRR — (ERREE)
(k. KEH) -
— REMRM —— FLUAXSEE
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Standard Work Pattern of Research

Submersible

7 = fE ® A =T
1BE 8:00 ~ 8:30 8K
(BmEB) $:30 ~13:30 #A
13:30 ~14:00 | ¢ &5 ¢08
14:00 ~15:00 ERBEH
15:90 ~16:00 REED RERE
16:00 ~17:00 $oTYVY
, 17:00 ~24:00 - 3 A 3 }{*_
2EBE 0:00 ~ 8:00 LA 4.1
~488 3:00 ~ 9:00 3 %:d )
9:00 ~ 9:30 ) § ¢35 4.8
9:30 ~10:30 BRBL .
10:30 ~11:30 ooy yy | BERE
11:30 ~16:900 -8-2:9 1
16:00 ~17:00 Ty
17:00 ~24:00 f;k.!.-wm}{*_
SBE 0:00 ~ 6:30 ke -@m) T
(&% 8) 6:30 ~11:30 2t
11:30 ~12:00 Pl
35
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Research Submersible Weight in the Air

Al i< BE] Zx A T2 o B AR B

(Bfr: t)
% B HF % 5 20kWe
BXEREE| o 9244 8, 000m
HERHH | MEF 108 18 6ATL &% te ¥
B 64T AL -
X B E R|Z RIE RI7 R
S— 7 ;
ZPER (X8 |B B 25.8 25.8 BN %) 150°
[LAPWNGS00) | B H o (HE) ' . 15,7 thE0.54, HkERL. 046
(%) | #h#rkR{ER 19.0 10.1 EHEL L.
SBU 2. 4"HER| <& 2.7 | 17.4 14.9 15.7
(BRE - IRR) (6.5K#E) {-4.4) (-5.4) (-4. 4) (-5. 4)
ORENM SEOXRMMN | 17.3 12.0 10.5 1.3
HE®R 16.9 10.9 11.4 ri.o
RBIPHE
NP 4.9 — 4.9
2N (LA) . BY., K¥ixk.
FOf 3.1 1.0 3.1 1.0 | ®A, MB3F, 08U, €0, BINA,
' ARRiEE
1 UL 1 g 61.2 34.0 | 48.9 32.4
ahs 40.3 67.5 22.0 . 38.5 HCH0.63, KEEML.055(10.924m)
_ - BU 1.05(8,000m) &L, _
& M 101.5 70.9 RIZL. 8,000 SO LEKIZ,
0.6 £t 5,
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Specifics of Storage Battery

E O F ¥ R b F E B & EREBERT®

i — SR & f5 T i B{L4E - EHRTAM

" _ HRHEE HRESER #F BN
(BERN=M) (HERN=ZM) (HETAHAEM)

= k¥h 19LE 19LKE 1

-1 v "ZB5 0L 25 0BT 24X
1. TERXMEFHBMTEREET

@& Ta3bLbokT 3.

EBTFET 2,

. BEGNXHFRMABEZTA250V
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Analysed Cases

Trwreemrlacae TRl m ST EELTF

H B H O XE R =

BEFFdDEr T 550

EFFEAORR T 285

BrAEAH ke 20

S ANBE T 540

F—E MR % 0.894 Garrett A w2z & 2,
3‘/7?9#ADEE T P, P, = 45, 50, 55
ATy IS | % 0.811 Garrett #tHF ozt 3,
avIrvy YRSl - 2.06 [-.

‘72.5‘AE§I$ % P, P: = 5, 7.5. 10
L& anN-s @GR | % P, Ps = 80, 85, 90

REBNE 9% 89 Garrett $tA %0 2ic k2,
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|1 1. 3 mREHTESE Analytical Results
FRORUTORE L BELERL A,

THILE T: RE n:$hPB §: VAFAERE 8 : L7 M~
(Be:) () (%) (%) (—) |

& EE tur: ¥-€y  com:2vTlet
RAD:371-5  RHX:V4a2Ml~2  1HX :Na-SA8A3FASS
TitaiiFE 0: BO 1 :AO0 net : BAShEE

Tal“,: 45
5 nlllx Tltur Tolur T'IAD cha- Tllltx N net e
5 80 540 368 215 176 330 17.0 0.98
] a5 540 369 205 176 340 17.8 1.40
5 S0 540 368 195 176 350 18.7 2.28
7.5 80 540 3N 216 178 334 15.1 1.12
7.5 85 540 374 206 176 344 15.3 1.59
1.5 90. 540 N 196 176 354 - 16.7 2.53
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Comparison among Preceeding Designs
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= 0.144 m¥/s
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WX Q. 03m
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Tang 76. 3kW
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Mass Attenuvatiog Coefficient

Photon .
Energy =¥, 4 F 3 H =
[MeV]

Pre « 7.83 g/cm?
3.0 0. 0396 0.0361
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Bildup Factor for [sotropic Point Radiation Sourc
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Photon uXxt
Hi Encogy
[MeV] 1 2 4 7 10 15 20
®k| 3.0 1.55 2.15% 3.51 5.85 8.51 13.5 19.1
8% 3.0 1.69 2.42 3.91 6.23 8.63 12.8 17.0
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