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Abstract: The simulation of sodium-water reaction accident is the difficulty in the development of the
simulating system of sodium cooled reactor. In order to solve this problem, a simulation program of
sodium-water reaction accident was designed based on the mathematical physical equation of sodium-water
reaction accident caused by water leakage in heat transfer tube of sodium-cooled fast reactor steam
generator. Based on SimTherm thermal-hydraulic simulation program and the structure of sodium-cooled
fast reactor, a second-circuit model of sodium-cooled fast reactor was designed for the study of sodium-
water reaction accidents. By coupling the simulation program of sodium-water reaction accident with
SimTherm, the simulation of sodium-water reaction accident was realized, which provides a new idea for
the development of sodium-cooled fast reactor simulator.
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Fig. 1 Diagram of the principle of sodium-cooled fast reactor
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Fig. 2 Diagram of sodium-cooled fast reactor second-circuit
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simulation model and intermediate heat exchanger nodes
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second-circuit simulation model of sodium-cooled fast reactor
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Fig. 3 Diagram of the nodes of the thermal components of the steam generator and the corresponding third-circuit pipelines

in the simulation model of the second-circuit of the sodium-cooled fast reactor
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Fig. 4 Flow chart of simulation calculation of sodium-cooled

fast reactor sodium-water reaction accident
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Fig. 5 Change of pressure in water leakage

zone with in 2, 5 s after accident
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Fig. 6 Change of pressure of different critical equipment

in reactor within 1 s after accident
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Fig.7 Change of discharge flow of steam generator discharge

tank of branch No. 2 within 20 s after accident
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Fig.8 Change of the share of hydrogen cavitation in the
downstream nodes of the steam generator within 20 s after

accident
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Fig. 9 Change of steam temperature at water side outlet of

&5 /K

accident steam generator and normal working steam

generator within 20 s after accident

P9 SR Al AR O 32 2 A kK B R 8y s
20 s ANTR] 2 90K A A T 28 P JEE A0 8 A 17 O
FMW] T BAOK R NE I A TR A B SO SRR OR R
i e AT AE Y B 1T B2

MBS B UL 25 SRR R AR S TR B A R R AR
3P X A v DR 2 A A A P K R S R AU 2
RBS

4 B

AR SCHEF 48 TROHE 2R VR R A 2% N I AR K RN 1Y
Bef ) By 2 AN BN-600 J2 b7 ok (1) 1T S 80, i)
Tz BB IR A SimTerm 4 TK
JIRET s ST T T AR R A8 P HE 043 BT A AL
RIRRERZ NGB IS TEHEIZBEITFN
HEAT BRIV S5 800 47 B 38 3 AR SR 9 R B

C1 T 8K B R S5 B B ) 38 )5 FE kA7
P IF & I AR TP #8 A SimTherm 2 )37 W # 17
BV DR B K RN TR (B R — PRI AT R ik
T AT B B BN K SN S S LA R 2 A ST Y
S5 RAF A BT

I AH H TR Ge i 5k TR fiE 2 05 vk R e e
W3 R v S HE PN Y R T AR A 58 i AR SO A O
P IEAT NV PR A K R S5 D B AR O AR
Hh S0 2N HE Y 5 ) L R Sz 7 I R (0 AR
AL DEATASEAUL L BE B VR A Ml X 4 ¥4 DR 3 498 7K I By S
PEAT 5T

AR SC TSR FH Y O 3 e Wl 7 S 1y 5 1 1 B
T — R AR ER T — 25 T R A O 52 50 6 4y 3 i
T IR E.

2 2 LK (References)

[ 10 R4k, BersC. b E R 6 P S 5 AR 56 F o o e
(7). b ST RE R W TE BE 4R 4l . 2011(1) : 5.

[ 2 ] BUKSHA Y K, BAGDASSAROV Y E, KIRYUSHIN
A 1, et al. Operation experience of the BN-600 fast
reactor[ J ]. Nuclear Engineering and Design, 1997,
173(1): 67-79.

(3], £EF%E, S, 5. BIERNENLE RN

B BT RS O WFSY [T, VU % 2830 K% 4l 1991,
25(6): 79-88.
SHEN Lian, WANG Xiuling, MA Lihua, et al. Study
of mass transfer behaviors in austenitic stainless steels
exposed to sodium at high temperature[ J]. Journal of
Xian Jiaotong University, 1991, 25(6): 79-88.

[ 4 ] UCHIYAMA N, TAKAI T, NISHIMURA M, et al.
Investigation for the sodium leak Monju. Sodium fire
test-1I [ R .
Development Institute, 2000.

[5]JAMES L A, KNECHT R L.

propagation behavior of type 304 stainless steel in a

Ibaraki, Jpn: Japan Nuclear Cycle

Fatigue-crack

liquid sodium environment [ J ].  Metallurgical

Transactions A, 1975, 6(1); 109-116.
L6 T, fmA. Kk ah K 5 518 % A7 3% 4% 8 (% B 5%



%4

A YOERAL A B AMRE S FR G L%

435

L7]

£8]

(10]

[11]

(12]

(). Rk 5 TR, 1997, 17(1): 21-30.

WANG Zhou, YANG Xiang. Study of pressure wave
propagation resulting from large leak sodium-water
reactions[ J ]. Chinese Journal of Nuclear Science and
Engineering, 1997, 17(1) . 21-30.

WAL, AKX S AT TR AR A S ik e [T ). I RER
SRR, 1990, 24(3); 76-86.

SHA Renli. Status and development of experimental
study on sodium water reactor [ J]. Atomic Energy
Science and Technology, 1990, 24(3): 76-86.

O, SREIS, BLEETR, AL PUHEZR IR K AR A R A
KBCRLHH LT R 5 TR, 2000, 20 (2):
154-161.

LUO Yan, ZHANG Jianmin, SHAN Jianqiang, et al.
Calculation of large leak sodium/water reaction in
steam generator of LMFBR[]J]. Chinese Journal of
Nuclear Science and Engineering, 2000, 20 (2).
154-161.

XNIGE =, PR HE v [ ol 8% 4 K B N SR f DD, WA R
. M/REE TR, 2012,
PERKINS T K. Critical
multiphase mixtures through chokes[ J]. SPE Drilling
&. Completion, 1993, 8(4): 271-276.

FOTRE. PEHEZE IR A AR KK 5 R S O e[ D]. b
e P E R RER A UFSEBE . 2005,

BeH#®, BBk, EW. MEM-ARGMERIIFTP

and subcritical flow of

(13]

[14]

[15]

[16]

[17]

[18]

oLy ]. R T RERFEHOR . 2000, 34(1): 76-80.
DUAN Rigiang, YANG Xianyong, WANG Zhou.
Study of chemical thermodynamic equilibrium of liquid
sodium-hydrogen system[J]. Atomic Energy Science
and Technology. 2000, 34(1). 76-80.

TAKASHI T. AKIRA Y. Numerical thermal-hydraulics
study on sodium-water reaction phenomenal J]. 2003.
SHIN Y W. Method of characteristics for analysis of
pressure transients resulting from sodium-water
reaction in hydraulic networks [ R]. Lemont, IL:
Argonne National Laboratory, 1973.

HILGENFELDT S, BRENNER M P, GROSSMANN
S, et al
sonoluminescing bubbles [ J .
Mechanics, 1998, 365: 171-204.
OSHKANOV N N, BAKANOV M V, POTAPOV O
A. Experience in operating the BN-600 unit at the Belyi
Yar Nuclear Power Plant[J]. Atomic Energy, 2004,
96(5): 315-319.

GOTTLIEB S, SHU C W. Total variation diminishing
Runge-Kutta LJ 1
Computation of the American Mathematical Society.,
1998, 67(221) . 73-85.

TRAME, AEEHEE. T SR RIS R 4 Sy
FriMI. de st 7 RE R 2 Be . 2011,

Analysis of Rayleigh-Plesset dynamics for
of Fluid

Journal

schemes Mathematics  of



