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Study of Weight of Fast Reactor Power System for Deep Sea Research

Akira Otsubo*, Kazuo Haga '

Abstract

Fast rgactor power systems for deep sea research were studied to some types
of usage, Two concepts were figured out to power sources for an uninhibited
base (water level 8,020m, [0kWe) and for a 10 km class research submersible (20
kWe), which are expected to be required in near future, Whereas the power
conversion system of the uninhibited base adopted thermoelectric cells and a
closed Brayton cycle, that of the submersible used a closed Brayton cycle, It
is favorable that the power system for deep sea research is as light as possible.
The calculated weight of these power sources showed that the total value
including a pressure shell container will be less than an objected value of 10

tons even in the 10 km class research submersible.

* Frontier Technology Development Section, Technology Development Division,

O-arai Engineering Center, PNC
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2.1 10kWeRHEF 27 o BHFEE

Table 1. Design Characterstics for the 10kWe Point Design

PARAMETER VALUB
DELIVERED POMER (KkWe) 10. 0
THERMOPILE POWER OUTPUT (kWe) 11. 0
THERMAL POWER (kWe) ‘
THERMOPILE INPUT | 2217
TEM PUMP INPUT B
LOSSES 20
REQUIRED FROM REACTOR 1253
HEAT REJECTED 222
TEMPERATURES (K)
REACTOR OUTLET (EOM) 1400
AVERAGE RADIATOR (EOM) 855
COREAT | 70
SIZING PARAMETERS
TELEG LENGTH (cm) 0. 66
THERMOPILE ARBA (m') 0.88
TEM PUMP TE AREA (m’) 0. 025

MAIN RADIATOR

BLACKBODY AREA (m?)

VIEW FACTOR

EMISSIVITY

DAMAGE FACTOR

*1-SIDE PHYSICAL AREA (m')
PUMP RADIATER

OO O O s —
e (O CO b
wn

BLACKBODY AREA (m’) 0.2
1-STIDE PHYSICAL AREA (m') 0.25
TOTAL 1-SIDE RADIATOR AREA (m') 8.7

BLACKBODY AREA

1-SIDE PHYSICAL AREA = VIEW FACTOR “EMISSIVITY” DAMAGE FACTOR

— 16_
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Figure 1. 10 kW, Point Design Concept
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Figure 2. Reactor Power Assemb]y
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CLOSED BRAYTON CYCLE (IDEAL)

Fig. 5.14 Closed Brayton cycle (ideal).
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~ h 3-4 CONSTANT PRESSURE
£ ¥our HEAT REJECTION
£ 4-1 ISENTROPIC COMPRESSION
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CLOSED BRAYTON CYCLE WITH REGENERATION (IDEAL)

U
/
RUCLEAR
heat /12
SOURCE TURBINE - GEXERATOR
CONPRESSOR ) M / P
/‘
ELECTRIC
POWER
THERNAL '
S | raniATOR ngcen 3
Y 4 1
? REGENERATOR
Qgesecr
2

TEMPERATURE (T)
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Fig. 5.15 Closed Brayton cycle with regeneration (ideal).

A ZE I I i A 2

9L1-16 OTV6NL ONd




_..98._

¥
.
-

HIGH TEMPERATURE BRAYTON CYCLE

¢
HEAT ADDED

t

ALTERNATOR

TURBINE WORK

COMPRESSOR

TURBINE

NUCLEAR
HEAT
SOURCE

-t
RECUPERATOR HEAT TRANSFER
4 AN
COMPRESSOR HEAT REJECTED
WORK TO SINK HEAT HEAT
3] SINK SOURCE
d
S [/tkg-K)) REGENERATOR
CYCLE n=0.25
{}50 kWe 1273 K
1151 kPa
l— ALTER-
NATOR TURB.
402 K
HEAT
HIGH
PIPES
Y 605 K 1021 K JEM:’_ -
593 kPa A
RADI- 1175 kPa EXCH _ 1492 K
ATOR COOLER BYPASS 2% 1 | 200kw
5 >
54m 1013 K
1 1 992 K
. f:
608 K 633 K REGENERATOR
586 kPa 1165 kPa

Fig. 5.18 Helium-xenon closed Brayton cycle configuration (/].
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The Mini-BRU, built in 1972 for NASA, is still in

existence and able to be used to support NASA
space programs.

2.9 1.3kHeFTEH7vA4 by A47n0
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With Hybrid Characieristics
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and 3 exlemal safety rods /

+ 10 kWe characteristics with an ACL .
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/ Bassline GFS Design with Options

L/ « ACL

\ « Sliding radial reflsctors
\\\\\\ ! - Aft reflector in fuel pins
\\\\ + Intarnal safely rods

e (——With 10 kWa Point Dasign Characterislics
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\ ‘ « 22 .5 m separation distance
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 External safety rods

* Rotating control drums
- Single loop with fixed radialor panels
+ 15 m separation distance

1

FIGURE 4.
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PHYSICAL PROPERTIES

POTASSIUM (wi.7%)
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Fig. 1.5 Sodium-potassium equilibrium diagram.
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Assembling the 10.7 KW Bravion
Renating Unit
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T8k 1 RAHDOSP—-100 MER VB (REXR)

First SP-100 Thermoelectric Cell Produces Power
HJ : Space Power News, JPL D-5962 Issue 4, Januvary 1990

SP-1007m ¥ 22 PIR19BIE RSN A V2 b=V EER L, Z2REBY 774 TO

HAgH & =4 7 DBy ¥ (conpliant pad) AH o7, BRYUOKERES - £
(nulticouple) MBS L OBEE KR, VHTRILAETSZ, HRERTEAR
BREA Yy —TOHHOOOLEY, COVTRENEBLUERICKLD, 65 DBET,
BHOBAEBEENTE S, COBMT v v 71}, WERENLBOZHROTEA K
BEAMODOTH B,

HA Y e —Tlit, WHBTMBENLBBEN (unicouple) MHV S ht, SP—100T
g B, BMESCIDerBMBEINENLD, E-F Y —REEVOHMOBEETHERKS. =
| NEERT B, BEEREE Sy RSN EERS RN OBBNERS R,

SP—100€ T, 6O 1€y Fathig 1RT LI R—DD eV ERRT 5o — 3
ORBMIT—DDEAM (positive doped leg) ¥ Y av4 r==v alifed, —DOH
AM (negative doped leg) SiGel o4 %, HEMOBELBENOBELERT 5 <
L& ST, BROHNOHANNL, BRBBE~OBAMBIE, FRCERSALER
HK&aTménéo%®M®@®ﬁ92Eﬁ.Mﬁ&%?%&#u.%9;—&%~ﬁ
ETARBMBEAHME LTORUARLT, FHERTH, SELEROBRTBEOHD
BPBEOEIRK LB N -~ ROER%, sensitivef&tivﬁﬁl:k%fifr‘.‘\ﬂ%ilﬁf&w&5
RHPDIZLBLLTIRVIFEL, ThiR 208y FiIck-THRLEF OB, Th b
Dy FOF =52 -2, BHREEE, HAMEERICHNT 5225 (low stiffness),

WU s> ORFHRERILEBE— 75 BOBHOHRTE B, chBDy FORK
MEERE, UL > ORY, HE, HR ERUDOEE KL-THEZ, LOL,
NBEONT A -y EFETE, BEAEENE S UNBRENSHMOELS b3 —20
BERMSH B,

BBHTRE, ~y FORZHRBMIC=2 S Dfacesheet®, T a—wfllicsy v 7525
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vODfacesheetx 5, CHIKKIOKHETHROWBHME v+ L, trickit a6
HEBPDITT B, BYIOEVIZT T =2 7 Dlacesheet® Al tedd, RIS - fo b
RBOMRLOBEAILALEBIIRS BB EI RS2 LD CHENEEBRBNZh & h
KOV THE Sy FEMBRE S 2= LOMIZT 57 74 by 7 7 B 55 & MBE
Th-1 (Fig, 28H) o

BYIORBRIARERETITON, GRMEEMII06K, BEIRM0KD &S, 0.65
VOItT 4watttB o, THIRFRMD 5 WLNTH o T O+ i 4008 14T O i i
LA REFHBICH X 2,

Ry ¥

Fig. 1 ISR/ Sy VOBRMERT, SOy MM, E—~bY—=R&Eb—Fy v IHORK
CHEES, MBRCRET ANV EFEMELOT L L) 5 B
5, RiT, SP-100t LHBROLDD LD ZDRENI%ETRT,

HMULsIOHBERBOED L /10& DMV, 100k 2 F4D14 YFHEEDELDR
Cad2%9RCOUEEDEBL &L, WK%3.580% 2,

WEARDILDOEVOBWIENEA TS, =4 S Dfacesheets # o - BIR 0 750 [F
BHBL eIy FIMEShEBE W, BRBEZE0 MilOBL & 5% o By K2
ERERBAORIELT - 7o

S e AR
BEERBHORBUNEAL - ko 2ORBERRT €Y7 )1, BEIC=4TD7
4 B O it Ao SxAl.0, (Hiﬁéﬁ?)biﬂ-) "ol d, FERTE 7)Y ORMIZE
i,y Ffacesheetd, AMIL, VF O ALHETANIIrEKET 2, BT YT ItE
RENVZOREBIESH L, BRESETH L, TORRMBERIL, 7.90A/ o'V (7.9
X 10-"ohm ~'en?) LTIKH/ MK TH 3. SMOKEHIE100volt, 320kW/ m', 1362K T
TEBIECTROEED, BERETR, 54 ~5—T0Vadrbhanbaaine,
HOERICIIBBYBEE B OLENB/UENS 2, RRI 0/ 5018, )59 4%
LOmERR, KEH/ =47 /)79 ATLERR, )79 450 MERR, £&0.
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Figure 1. Thermoelectnic Cell

Figure 2. Photograph of Thermoelectric Cell
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