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Operation Characteristic Analysis of 400 kW Brayton Cycle Space Reactor System
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Abstract: In order to meet the demand of high-power space mission of 100 kW level, the characteristics of the
direct Brayton cycle system in space reactor are analyzed based on the Simulink platform. According to the design
scheme of the direct Brayton cycle system, a one-dimensional system analysis program is developed based on the
modular modeling of each key equipment in the system. The dynamic characteristics under transient working conditions
such as steady state, step-in reactivity, reactor power increase, and continuous reactivity increase are analyzed. The
results can lay basis for the operation and safety analysis of the future high-power space reactor.
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Fig.1 Schematic diagram of the direct Brayton cycle

system of gas-cooled reactor
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Fig.2 Schematic diagram of one-dimensional system analysis program

TER G NS R, 322 5 1 I 1V HE DR AR Ak DA K
AR, R, R R B e R
FEF RS CH[20],

RS AL OB R S T AR RS ROk ST, il TR
e OB S 0 11 2 2 N HE 1 T IR R S RS T R
O R, AT LA kg B A O A R R G A 7E ) — B )
Byhb R — L

1.2.2 A#ME EAHEAR

BT RES LIRS R A T 5
EATRRE  ERR SN E A MRS TR KR
TR R, R G0 4 i AR O SR ORI il A 1 1 1R
AP MU I L i R il R DA
BT R RO A R 2
1.2.3 @ % 5Adp AR

[ A e AR A 55 v i T L A5 ) RN A B Oy X
Xof HL AR AL 2w T AAER VA EI AR S AN A AR
[Fi] — T PN 0 A IR R TR R ) S B — 3L
AU il 1) — ARG B0, DT ST AR B S B0 Y B
B AEIA
1.24 %Ak B8R

R ST AR A A R R L 2 R A A B 2O S
HEAT R, O T AR B 2 B A T R S e PO R A
SRS MR I 5 2 R AR A B IR AR S A
S A 1) A 22 1) 1 6 S 4o PROIL 3 ) AR RCEA, B
) E A E B G R

T+ T, .
QRQ(‘AEO‘|:<'2>TKi| (1)

KA : Q. Qe N i B AR FNA H 2R I HA T %5 A

Ohy 8 S 5 B S TR AR 5 e R B S R I R 5 0 DR PR AR
SRR TR T4 2 [l

2 RN

21 BEBHEER

mE 3R, RERS BT, 51 AW S P
SO, B g HE AL Tl FEARAS  HE G e e G
ERGEKT . HHRERENSESHSHER
REVIHAHE, RETREMERR L —-RE&ES
BAE A R SR IB AT R R R A K, HE T R I R S
g Lt 3 4, BRI, ZE S ELRT 1000 s N & T B
FH RSB E, £1500s A4 ,%F
B A I R X B B 3 (a) S I HE B
1.6 MW ; ¥ 3(b) A S FeHL ) 4 1.363 MW ; ¥ 3(c)
J FE S ML E 0.952 MW ; B 3(d) Ry & Hi Bl T &
400 kW, BRI FE J 11.6 kW . E L7 E R
T RAHLFES) (D R WFE(E 5 HL ik )
) B A

R 5 455 5030 1 45 2 1) 2 850, 15 2 &5 18 1 i
FE LRSI RS R AT R . Hop, SO e
1.6 MW, K5 HL 1) 2 1.363 MW, JE 4i #L By %
0.952 MW, %& L 2 & 0.4 MW, 45 5} &% I K
1.341 MW, J b #E i 11 & f1 1.403 MPa, i B
1200 K, A HLH 1 /7 0.734 MPa iR 966.3 K,
B HIE A E 17 0.698 MPa . i 553.7 K, JE 44 #lL
A HEJ70.667 MPa. il i 340 K, FR4f HLH H )
1.412 MPa . i £ 501.6 K. % F %% # 60 000 r/min,
] % H I 11.2 kg /s



5 38 %% 2021 4E45 2 1

Voo 7,5 400 kW AS [ A B S PR R G is AT R v 4 101

1.603 0

1.602 5§

1.602 0

1.601 5

1.601 0

RNVHEDZ I MW

1.600 5

1.600 0

4 000 6 000 8 000
A /s

() S RHED)HR

0 2000

0.960

0.955

0.950 +

AN /MW

0.945

0.940 L L L
0 4000 6000 8000
IFa] /s

(c) FRAHHLIIH

2000 10000

SEHLIIER /MW

10 000

1.364 0

1.363 8 |

1.363 6

1.363 4 |

1.3632

1.363 0

4000 6 000 8 000
IFIa] /s

(b) “EEHLI

0 2 000 10 000

0.420

0.415 -

0.410

0.405

KAHLIIE / MW

0.400 ~

0.395 -

0.390

4 000 6 000 8 000
INFTA) /s

(d) RAHLI)H

0 2000 10 000

3 BBETRFEIZEREYE

Fig.3 Power of the main equipment under steady operation condition
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Fig.5 Power variation of the main equipment under reactivity introduced condition
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Fig.6 Rotate speed variation under reactivity introduced condition
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Fig.8 Power variation of the main equipment under power step-increasing condition
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