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Abstract: As the fourth generation advanced reactor, the Brayton cycle system of small helium-xenon
cooled reactor has the advantages of light weight, compact structure, simple system, fast start or stop,
and is very suitable for the energy supply of remote areas and islands. Nuclear power plant is
radioactive and highly hazardous after accidents, so it is very important to study its safety
characteristics. In addition, helium-xenon cooled reactor is an advanced future reactor type, and its
accident safety characteristics are not yet clear. Therefore, it is necessary to carry out the safety
characteristics research of Brayton cycle system of small helium-xenon cooled reactor, especially under
the condition of unprotected control. Firstly, based on Modelica language, through the modular dynamic
modeling of key equipment, the accident safety characteristics analysis program of helium-xenon cooled
reactor Brayton cycle system was developed. Secondly, the steady-state rated condition of the system

was simulated, and the reliability of the accident safety characteristics analysis program of the system
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was preliminarily verified by comparing the error between the simulation value and the design value of
the steady-state rated condition of the system, in which the maximum relative error is 2.31%. Finally,
the transient conditions of various system accidents were simulated, and the dynamic response
characteristics of transient conditions such as step introduction positive reactivity accident, step
introduction negative reactivity accident, coolant incorrect charging accident and coolant incorrect
discharging accident were analyzed. The results show that the simulation results of the system analysis
program are reasonable. The reactor system has a certain self-stability and self-adjustment ability for
step introduction positive reactivity accident and coolant incorrect charging accident under the condition
of constant load and unprotected control. Under the conditions of step introduction positive reactivity
accident and coolant incorrect charging accident, after the rotational speed increases by 21.6% and 12%
respectively, it can be stabilized in another steady-state without protection and control. However, under
the conditions of constant load and unprotected control, the reactor system can not be stabilized under
another steady-state condition through self-regulation for the step introduction negative reactivity
accident and the coolant incorrect discharge accident. Under the conditions of step introduction negative
reactivity accident and coolant incorrect discharge accident, the corresponding rotational speed drop rate
at 800 s is 85 rpm/s and 10 rpm/s respectively. It is necessary to control the rotational speed drop rate of
the rotor through some protection and control measures to ensure the safety of reactor system. The
relevant results provide a theoretical basis for the safety analysis of Brayton cycle system of helium-
xenon cooled reactor.
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Fig. 1 Schematic diagram of helium-xenon gas
cooled reactor system
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Fig. 2 Diagram of system analysis program modeling
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Table 2 Calculation result of rated operating condition

E¥y 28 AHXT IR 2E/%
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S HE Ui, MW 10.000 10.000 0.00
AHREE, K 900.00 900.00 0.00
HEREE, K 1200.00 1199.05 0.08
AHEJ], MPa 2.000 2.000 0.00
Hi R J7, MPa 1.950 1.947 0.15
Ak %, MW 8.386 8.486 1.19
AFHREE, K 1200.00 1199.05 0.08
PR EE, K 948.22 941.42 0.72
A DS, MPa 1.950 1.947 0.15
H R, MPa 0.975 0.973 0.21
71944 2.000 0 2.0010 0.05
FEAHL i, MW 5.358 5.482 231
AFREE, K 330.00 330.31 0.09
RS, K 488.12 492.50 0.90
AFJEJI, MPa 0.915 0.919 0.44
1 E ), MPa 2.020 2.022 0.10
AR L 22077 2.200 2 0.34
BHIAS I, MW 6.873 6.996 1.79
PN LR, K 534.65 537.40 0.51
A REE, K 330.00 330.31 0.09
PN A1, MPa 0.935 0.930 0.53
P H T, MPa 0.915 0.919 0.44
[EE-E4 T, MW 13.787 13.575 1.54
A TR, K 948.22 941.42 0.72
Al C R, K 534.65 537.40 0.51
PA L ES], MPa 0.975 0.973 0.21
M 157, MPa 0.935 0.930 0.53
BMAHREE, K 488.12 492.50 0.90
A FHREE, K 900.00 900.00 0.00
A A E S, MPa 2.020 2.022 0.10
A R S, MPa 2.000 2.000 0.00
HAbZH AR, kg/s 63.983 63.979 0.01
T F I, rpm 20 000 20 000 0.00
R, % 26.90 26.63 1.00
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Fig. 4 System operating parameter curve under step introduction negative reactivity accident
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Fig. 5 Efficiency curve of rotating machinery with time under reactivity introduction accident
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Fig. 6 System operating parameter curve under coolant incorrect charging accident



SR BN AMAE GRS SR M AR G T AR A ) S A A A 1757

1300

1200 P
D RRHEA R
1100 F W 0

@ metn
1000 % BEIEAD //
900

A 4

20 1
O B IhE
161 B BT R
® nithE
b & BABRIHE
nb * FEHLIhE
O RYimthh=
SR ik

/MW
X
N W

W \ <

i @
0 . .
0 200 400 600 800 1000
fif[al/s
20 000 d
§ 18 000 | @ FETHEE
B 16000 F > R
hrid 000k xSRI R
i & HEAB BRI
64
60t
2 sof
m 02T
Bt l \.
0.0
—od . . . . ,
0 200 400 600 800 1000
it ] /s

K7 ARARGHEEEN TR T REMETSENM

Fig. 7 System operating parameter curve under coolant incorrect discharge accident

X
i ~
;@_ V”
500 ° — o T,
ol © EHAD “\.\o
[ @ JESHLH A
D —O - — -O————0—Q
300
0 200 400 600 800 1000
[ A /s
22r
C
2.0 + -
1.8}
o L6t
% -
2 M4T D REHEARD O ERHAR
1 | Sz A ® JERYLE R
121 @ fwigiin ARG
T AHBAN
1.0 N
o W
0.6 - - - - .
0 200 400 600 800 1000
It 18] /s
0.90
O SR
0.85 b iR
o WA
0.80
H
B o075f
030
0.25 ~O—0—0—0—0—0
020 . . . . ,
0 500 1000 1500 2000 2500
it 16)/s

b
0 oo ot e e
0.8 k
071 o A
5 o6 D iREICH
= o LA
0.5
04}
0.3
02 b
ol . . . . .
0 200 400 600 800 1 000

i /s

Y HRI B IR IEA T 00 b——1 AR R ek 1D T

P8 AEFR AR G B A ST e LA 5 B IR 18] £ 2% £ 24

Fig. 8 Efficiency curve of rotating machinery with time under coolant incorrect input accident
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