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Modeling and Simulation for FSP System
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China Institute of Atomic Energy, Beijing 102413, China)

Abstract: FSP (fission surface power) is a kind of space reactor fully investigated and
demonstrated by the United States. To investigate the transient characteristics of the
FSP system, the components of the FSP system were modeled and a related program
was developed. The program simulated the steady state operating conditions of the sys-
tem. The results show that the steady state calculation results are in good agreement
with design values. A reactivity insertion transient and primary pump restart after stop
transient were simulated. The calculation results are reasonable in trends, and it proves
that the method and idea of modeling with the models themselves are correct. The
results show that the oscillation of system’s power and temperature after a positive
reactivity insertion is related with the different speeds of temperature change of loops in
the system, also the smaller the interval between primary pump stop and restart, the
better. This program provides a reference for the transient analysis and safety analysis

of reactor system similar to the FSP system.
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core radial cross section
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2 XSIEAE . FSP RGEMS 05 AT

293

1 050+
1 000+
950+
900+
850
800}

] [ i o 46 35 HH P /K

1 1 1 |
0 300 600 900 1200
it al/s

400+

(%)

N

(=
T

HEETh AW
(5]
(=3
=

[\

N

(=
T

[

(=4

(=
T

1 1 1 1
0 300 600 900 1200
it [Al/s

ul
B 0.000 4
X 0.000 2

1 100+
1050
1000
950+
900
850

P ] 3] B B 2% A 17 /K

1 1 1 |
300 600 900 1200
it [al/s

o

0.001 O
0.000 8
0.000 6

T

T

0.000 0
—0.000 2
—0.000 4

T

|

1 1 1
300 600 900 1200
et 1l /s

(=]

B8 RGN SRS T R LA R SR A

Fig. 8 Change of some temperature parameters, power and reactivity for system

6 v R KR S A B 8 S T A g v
. BRRAE RGERPIRS R So s 51 AE K
WERGERERSTH Si. S A N FY S )
RNV A0 I BE ¥ v T S B R RLAYAE . 2
— [ g AR e ] [ g v AR A IR B B AT AE
Sy Jfr XoF I 68 ek B8 B I R HE I 1] i ) % A0 5 Ui
JERKIB BN HAE S, FrXt B iR E . 25 biE
J FAHE T % 1) 94 40 5] 1 38 4K 8 T o s i R —
(] % T v ] (] g6 V2 0 7] DA S R ) 3L B X0 b
EATTEARZS S XL A i FE B s 51 A T
UINFRA < S INTTE 957 IR S N i e B
25 1l v A R IR BE A B T R . 25 b R RO
HE 2 G 4% I i 22 0] i B 72 A PR Ag A Af TR] L 5 3L
P SN IVA A VN BT RS LB 0N SN A
P DL K T F) 41 32 2800
2.3 EREBRHITAMFBE

FSP ZG A 2 M ER. L 2 M EHEF
TUREMER. ¥ 1A EEBRE, T —B
B 2 S N LB TR da . BRI A ik I
BEXF B Oy R AR 3 Lol i F R AR B
A EE] B S 30 s A1 1 min PR R T80, 25 5 40
9,10 flrzn . A 56 5 A D 380 1 84 1R
Ja BEAR S 32 TS 5 A A% D 3B W T e L TR
ARG TSR TR L EH T

MR AR TC I E S O R R T
HT T HE S IR TS B AT AE 2 T BURE S R
R . P& 11 O E 45 1k MV S 8l 00 k8 %
R T 11 AT R R 5 B
7 A B AR R AN BT R ELASE IR JE] T min
14 00 F d5 28 77 A2 114 B B P EE A IR 30 s
4 00 T 7 AR B SRR R

Rk nl A . ERER RS TRE ™
A 1AW AE JE S AR B IR ED A R A Tl
e by T S A A A TS TR . Y AR
IR T < N T o= B N1 el w2 S S
(ELEST o 3 FAHE T [0 e ) 92 250 590 3 B AR OR R
TR RS A 38 B — (5] v 2050 AR ik 32 4k
ST R, B MRS AR R O SO AR L R AR T
TE P4 B ISE A 5 A S ES D R e A A N U
HBZ IR IR g W RS

B GBS DAV 0 7R - KAt R R S 1 i B
I E] 28 A A — B, AR SO RE R L
A5 AR I HESES P9V AR R B T T . R
FOH A S v R0 i BE T AR L T el T
O AR TV R A RS 2T o AR
18 S P S SR T A W e ol 1 B R AR
Ja B RRE BB A . ¥ B0 Y 3L BE R
KRR B SP- 243 3 B o DT (5 A80FE - 247 3 JEE 1 v 2



294

THEREHAR  HSE

bk

190F

180F

170

160

HEThHR/KW

150

0 105 210 315 420
i [61/s

225
2001
1751

150
£ 125F
100

751

50_| 1 1 1 1

0 105 210 315 420
/s

BRI L5 PR
P /kW

LJ 9 357K{’_’ 30 S EE7KF1F'#J§§E"@W

Fig.9 System response for primary pump stopping at 30 s and restarting

35.0F
34.8}
= 3460
=< 344t
#
R 34.2r
§§ 34.0F
E 33.8F
33.6
334 .
105 210 315 420
IS
1000
975 —e
¥ 950§ He &
B gost
us)
& 900F
B og7st |
8501 |
8251 ¢ Ll
800 1 T 1 1 1
0 105 210 315 420
EIS
35}
= 341
§§
'}.S 33F
s
= 32f
I&E
31
105 210 315 220
it iEl/s
1 100F
1050f
= oesor [ I HI
8 9g0f-
H— 4
850 ;
800
0 105 210 315 420

it al /s

200+

180

140

HE A5 TR
2

120

100 1 1 1 Il
0 105 210 315 420
I} fal/s

3501
300
250
200t
S 150 L/
100F

sof

0 105 210 315 420
it Al /s

B HFIE B L I B Y
P /kW

B 10 EHEEILE 1 min FE S 30 &R %06

Fig. 10  System response for primary pump stopping at 1 min and restarting

AR — 2
AR HA B — [l % B S AR A

A AL 28 R L X R 2 T — A T R R i
A BRI o JF EL AT WSS 3 L 32 % T 2l A 1) B

KT AR RO S Bl iR 22 nT fiE 2 X A AL
,g@gg J— 5 WA L B A R E] g AT
I 2 1 SR AR T ) v v 05 05 i DAY M
A5 A I T BT I 2l 1 T e e e



2 XML .FSP RGERLS (i B

0.000 11
0.000 OF
el
& —0.000 1F
%—ooooz- N
il 30s
@ —0.000 3} R
® _0.000 41
£ ~0.000
—0.000 5F
0 105 210 315 420
fF el /s
B 11 FFEEILMER
Fig. 11
3 i

AR i # 7 FSP 2 G0 43 T A5 7, X6 i )
I HE B GEHEAT T RAZS FIBE S 0 A a5
MR A R A EAH 2R/ . BRI R
AR T N e S X A | = = B MW R )i
FLPTA L A2 SR A A A P, 1 A SOl
(14 502 A R0 ] 5 0y b {) B FSP AR 52 1) 1% 25 T
Lo [RIREAE AR S i A AR 3 A JEL AR A, ]
iZ T F1 FSP RGES5H 2 RN HE R Givh

u\ ;[_1\

S 230k

[1] BUDEN D. Summary of space nuclear reactor
power systems, 1983-1992[ R]. USA.: Idaho Na-
tional Engineering Laboratory, 1993.

[2] KING ] C, EL-GENK M S. Thermal-hydraulic
and neutronic analyses of the submersion-subcrit-
ical, safe space (S4) reactor[J]. Nuclear Engi-
neering and Design, 2009, 239 (12): 2 809-
2 819.

[3] EL-GENK M S. Space nuclear reactor power
system concepts with static and dynamic energy
conversion[ ] ]. Energy Conversion and Manage-
ment, 2008, 49(3). 402-411.

(4] BRSCSC.BR, £, 5.

SO R RS T R
NV GRS M fE P JF & LT). BT RER = H A,
2015,49(3 1)) . 227-233.

295
0.000 2
# 0.0000F
ﬁ
jg ~0.000 2f

FHRERFD

—0.000 4 F %2 1E)E] min
—0.000 6
—0.000 8
—0.0010f | . ) ) .
0 105 210 315 420
Fif 1 /s

) B0 3 S S 1

[6]

[7]

[8]

Core reactivities for primary pump stopping and restarting

ZHANG Wenwen, CHEN Jing, WANG Cheng-
long, et al. Development of transient analysis
code for improved thermionic reactor using heat
pipe radiator[J]. Atomic Energy Science and
Technology, 2015, 49(Suppl. ): 227-233(in Chi-
nese).

FE b A AEF], B g A HVE S R A 3 ]
WRE RSN ETRL] R TR R,
2016,50(6) :1 054-1 059

YUAN Yuan, GOU Junli, SHAN Jiangiang, et
al. Startup characteristics of heat pipe cooled
Atomic Energy Science and

1 054-1 059 (in Chi-

space reactor[]J].
Technology, 2016, 50(6)
nese).

RADEL R F, WRIGHT S A. Dynamic modeling
of a fission surface power system using stirling
power conversion [ C ] // Proceedings of Nuclear
and Emerging Technologies for Space. Atlanta,
GA: [s. n. ], 2009. 129-138.

Team. Fission surface
definition[ R .
USA: National Aeronautics and Space Adminis-

Fission Surface Power
power system initial concept
tration and Department of Energy, 2010.

ZUO Z J, FAGHRI A. A network thermody-
namic analysis of the heat pipe[ ] ].
Journal of Heat Mass Transfer, 1998, 41(11):

1473-1 484.

International





