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Numerical Investigation on Decay Heat Removal Characteristics
of Several Fast Reactor Design Concepts

H. Ohshima', T. Sakai', A. Yamaguchi'
N. Ueda?, Y. Nishi?, I. Kinoshita®

ABSTRACT

Feasibility study on commercialized fast reactors is being carried out at Japan Nuclear
Cycle Development Institute, in which wide spectrum of fluids, i.e., helium, carbon di-oxide,
lead and alloy lead with bismuth are examined for the coolant of reactor as well as liquid
sodium. As a part of this study, an investigation related to decay heat removal (DHR)
characteristics in several kinds of reactor design concepts has been performed for the purpose of the
reactor system optimization in cooperation with Central Research Institute of Electric Power
Industry. This report describes the results of the investigation in fiscal year 2000.

The plant dynamics analysis code S-COPD and the multi-dimensional steam generator analysis
code MSG were improved to analyze the sodium- and lead-bismuth-cooled fast reactors that are
under consideration in the feasibility study, respectively. They were applied to the preliminary
calculations and were verified.

With regard to the reactor vessel auxiliary cooling system (RVACS) that is one of candidates for
the DHR system of sodium-cooled fast reactors, transient characteristics and the effects of several
design and operation parameters on the DHR performance were clarified through the plant dynamic
analyses based on the design of S-PRISM. The calculation results indicate that RVACS satisfies
the DHR success criteria without any combination of other DHR systems and that available heating
surface area of RV, heat transfer between RV and the guard vessel (GV), and heat transfer coefficient
on the air side surface of GV have relatively large sensitivity for DHR performance. The upper
limit of RVACS performance was estimated at approximately 0.55 MWe.

As to the gas-cooled fast reactors, a one-dimensional nuclear-thermal-hydraulics network
_analysis code was developed .and applied to the simulation of EGCR with tentative
specifications of DHR systems under the natural circulation DHR condition and the
depressurization accident. It was shown that EGCR has enough potential of the DHR by
natural circulation and that the primary peak temperature of the clad surface should be
suppressed in the transient of the depressurization accident. Natural circulation DHR in the
depressurization accident is difficult unless the pressure in the RV is kept at several times of
atmospheric one. According to the sensitivity analysis, the transient behavior is not
excessively sensitive to halving time of flow coast down, thermal center difference between the
core and auxiliary core cooling heat exchanger, startup time of the decay heat removal system,
as far as under the conditions examined in the present study.

1: Thermal-Hydraulic Research Group, Advanced Technology Division, O-arai Engineering Center,
Japan Nuclear Cycle Development Institute

2: Nuclear Energy Systems Department, Komae Research Laboratory, Central Research Institute of
Electric Power Industry
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7200, 2 4.2-1 IR EEERIRHRAR O — B & 4.2 2 KPMEHEIERE A0 — B 2R T,
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LTHED. MR-X IZREFERIADEL <M
HRAENTNWBZ L DWRETE B,

4.2.2 FAITIAEEED
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a. ESBRRMEEEA
LRAHIBFORMEZRIZH LT
. HEDH™ D F BEF EHE L EHOE
JHRKSHEAZ BN S5, Thbb,
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2T, £ EARKkRM
¢=N,Eu (4.2.2)

P RINEE

Nt : B

Eu : Eulef_ﬁ
7000 < Re

0.25

Eu=5.2{ - Re 0% (4.23)

ST/d_l

Re = 7000

Bu=142| —>—| Re1S (4.2.4)

Re : Reynolds #(
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__ ST gy (;1.2.6)

VL ERFENEEO R j'@#ruﬁ
d,855,S;” : FIEOKZE

TdhbHo EGCR Tid, A4 VRA ZBIUHBERNA S, 4S8, 5T Sy
dEhEN. 30,00 64.36, 30.0 B LU 44.0mm TH B, /-, BEVERE ¢ I 3.75mm
THbo

b. {EELAHE
BAREIZERIRA CEREIN D

o= Nu% “#.2.7)

Z T
LA 7 v A 1000 LA EOBEIN ¢ ERERROMEBERAZ, 1000 LT OHEERIC D
WTKERFICN LTI - Bt X W HBE DO = O P E RO 2
B dHM, RBARBITHEIIBNT. LA IVXED 1000 LLFER2DE
WEFR L ARTERHERREOERESDYHREDARTH B,
Nu : Nusselt #{ '

2 < St/ 8., 1000 < Re < 2.0 X 10°
025

Nu, =0.40Re>% py036 (% ) (4.2.8)
rw
40 < Re
0.25 .
Nu, =0.51Re®*0 037 (1% ) @2.9)
. Ty
Re <40
. 025
Nu, =0.75Re™ 0%’ (Iy ) (4.2.10)
Pr,,
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Nu = max[ 4.36, Nu; ] (4.2.11)

Pr : Prandtl
A AR SRS
d : {[EVEINE

e
w i SEH () BT 5E

TH Do

@ BH2RE
a. 782 4ERE

MENROERBAAEAL LT, BHROMRFE L Blasius ORX AT
%, Thbb,

AP-f=Ey (4212

::—f\\

f 1 FRERBSAR

f,=03164Re ™% — (4.2.13)

fi =6%e -  (4214)
f= max[f,f] | (4.2.15)
L : GilgE
u: BNTEE
d; : B

THBo EGCR DAL YRA ST BB did 225 TH B BEHFRL S coNT
HERCAVEEMN B2 L LT 5. BB, “RAOUHF—F bkETH2
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BEIRDNE V. L, Filiz SHREESHED 255 OE BRI TR 7
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a=Nul (4.2.16)
d )

i
P &N

Nu : Nusseit £

Nu, =0.023Re*® pr4 (4.217)
Nu = max| 4.36, Nu] . 4211y
d; . EVEWNEE
THDo

¢. SG AKHREE O R
ERERR (BER) O SC MEBEAMIE. —RERMEIM TH 2 IKIBH XD SG
HIMREMFOLADRE E —HT2X31, BEEL LTEA . =, BESIE
BAsE & RS, SG WIRAKDNEIC X BEE FREZE L. JOR, SG kX
WELEFEFTARBRIILRZVDOL Lz, 3kbb, 277 LBOBEFER
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Ep=14¢, (4.2.18)

P N

E; 1 B—7 4 VEERROESHRRE
Ly 1 7 4 VDR BB OBRERA DI SRR

TH Do LUFTTHLL, DFFMHIC (42.1) ~ (426) REFAT B, =R L. Rk
BT dORD Y ICROSEMBER 4., ZHN S, '

dyy=dp+2Ly NpLy - ' (4.2.19)

ZZT,

dp @74 HEBOENE (mm)

Ly @74 V&EE (mm)

Ly : 74 »0lg (mm)

Ny BRI 4720 D7 4 408 (1/mm)

TH Do YA BNCHEMEL T BESI L L. dpSpSuSB LUt 128
LTEZNZH 30.00, 4500, 3897, 4500 BLU3.75mm & T %, Fi=, 71 VH
HEOTEE Ly, « L BRU N, WBILTZRZN 50, 20 BLT 025 LEET
%o £oTd, =35.0mm &% %,

@ 1=ELHEIR .
AR DN, dofbbicd,, % (427) BLW (42.8) A LTHRE
BERBPRDBI L LT B, Re<1000 OBFHBIBOTE, (429) ~ (42.11) =
KA LTS = V7 FFa— T RASHBRICHEAI NAMIEREEERT2 L
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95, ghabb,
Nu;=J ¢Nu, (4.2.20)
ey N

Nug, : 5B D Nusselt #
Nup : O—7 1 Y ED Nusselt
Jy BRI B3 B S ERNIE R

THDo BRI R 423N X > TEX 6N ZE N, BREERICBNTY
Reynolds #(4° 1000 JIF &2 5 5% 5 VWIdHIREFH TH ST L ZHIEL. 22T
(ERSPHIC T £=0.55 & T B

4. 3 FRTEZR

4.3.1 BREIRARIRERRE ,

SERBREAR OIEERIED 5 X7 5 A, HREEIREC B 2 #EERR %
FEIT % ERIRRBIE. SG ZAlORBEEE/EL. —RRRNORESHERD 2,
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Bo

0.0 7 P HREEE M) v 7, KRR S 7
1.5% S W 7 NN
60 b : BRI E R ESBHIER Y L i — 25
600F . :SGEEE (SGIRGKL OEasiE k)
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P T KRR HE
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