BSOBH M -SSR s S Vol. 59, No. 1
202541 H Atomic Energy Science and Technology Jan. 2025

BHARLCHERBRXEREHHERAR
BEE G A

Ch E R TRERF AT e S5 0 M TAREORATSENN, Jbat 102413)

WE: N TXHAFTAMIRERENRSME N THIAATHR, ACKFERZRITSEH, HH
RELAP5/MOD 2 3 X R L # A7 (B 5 05 B0 . X R MRS TOH#AT T8, 458 5 30HH iy oA
X i 22 4 3.08%, Btk 1AL A HERR L, RS S RGO IT R B o X B ME R 48T Bk AR 1 3 R T
BLFEAT T RS A HT, 43 500 S il R e e R L — [l S IXUATL e e 0 308 e AL I B o % 3 = v MRSV AR
FUIR | MR OSR | SO e T R AE S S BT IE 5., RS T 3l & A )5 45 G S R0 AR fh ka3, i
B M FR 40 00 AR PR EAT T A A RIS TIE o S5 SR R B, AR SCRT HE ST AR B AT R A b X A AR AR
He R G4 TOLIEAT T B, TER P R G A N R G JR % 420 . X Tl &R Gl B 5 B0 0.001 57!
BT 0.02 1 BRE P A B M BTN, AR R SRR AR, AEFREUR AR 9 s I, HES R STELE Ol 2 493.061 K,
W S8 MR R G IEF B, REKTERY RENEA T L5t . X T — [l KL R 53— Wl
B U 1 T B 50% IR FR AL R S SO p — 4 T B T R R 60% M S, SN HE R SR I R R A
R

X ##17: RELAPS/MOD 2 /75 A1 f il 36 2 A0 HE; LAtk

FESES: TL364.4 CERARERD: A EF /S 1000-6931(2025)01-0127-08

doi: 10.7538/yzk.2024.youxian.0289

Research on Safety Characteristic of Mobile Gas Cooled Reactor System

MA Xinrong, YANG Yi
(Department of Reactor Engineering Technology, China Institute of Atomic Energy, Beijing 102413, China)

Abstract: Small mobile reactors have the characteristic of being able to adapt to the multiclement
energy needs of different geographical environments and application scenarios, and are currently one of
the important candidate solutions for solving diversified power demands in civilian field. Then the
Brayton cycle is a commonly used form of thermoelectric conversion device for reactor power due to its
advantages of fast start-up, simple system, high economic efficiency, and high efficiency. The gas
cooled reactor coupled with Brayton cycle is a widely studied field by scholars both domestically and
internationally. In order to investigate the key safety features of He-Xe gas cooled reactor systems
coupled with Brayton cycle, this paper used RELAPS/MOD code to model the system based on its
design parameters, and simulated and analyzed the system’s stability and potential accident conditions.
The model established in this paper was composed of a He-Xe gas cooled reactor coupled with two sets
of open Brayton power generation modules, where the He-Xe gas cooled reactor was the primary loop
and the working fluid was He-Xe gas at 40 g/mol. The Brayton cycle was the secondary loop with air as

the working fluid. The steady-state condition of the system was simulated, and the simulation
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parameters were compared with the original design values. The results show that maximum relative
error is 3.08%, which proves the accuracy of the model. For the reactivity insertion accident caused by a
control system failure resulting in an increase of 0.02 reactivity at a rate of 0.001 s, when the reactor
protection system fails, the reactor core hotspot temperature will reach 2 493.061 K 9 seconds after the
accident, which exceeds the safe temperature of the system and will cause breakdown. When the reactor
protection system is effective, the reactor shutdown protection will be triggered 11 seconds after the
accident, and the reactor core temperature will be 2 001.581 K, then the reactor can shut down safely.
For the loss of flow accident caused by a failure of the primary loop fan, the reactor core hotspot
temperature will be 1 650.851 K, and the reactor will continue to operate in a new steady state
thereafter. For the one of the secondary turbine faults caused a 40% decrease in mass flow rate in the
loop, the reactor core hotspot temperature will be 1 507.644 K. After the system stabilizes, the reactor
continue to operate at 33% rated power. The results indicate that the model established in the paper can
accurately simulate various operating conditions of the Brayton He-Xe gas cooled reactor system, and

the system is safe in the event of the three accidents mentioned above when the protection system is

H59%:

effective.
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Fig. 2 Scheme of reactor core corss-section
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Table 1 Reactor core design parameter
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Table 2 System steady-state simulation result
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