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Abstract

Lead-based reactor is one of the advanced nuclear energy systems which was recognized by the
Fourth Generation Nuclear Energy System International Forum. It has many advantages, such as
a simple system, excellent safety performance, a mature process foundation, and practical testing.
It has become one of the hot research directions of small and medium-sized nuclear power units
at home and abroad in recent years. In order to explore the power operation control law and con-
trol characteristics of the nuclear steam supply system of the lead-based reactor nuclear power
plant using steam Rankine cycle technology, the paper proposes two control strategies, which are
the coolant average temperature constant control strategy and the steam pressure constant con-
trol strategy. Combining the characteristics of the lead-based reactor, the advantages and disad-
vantages of the two control strategies are analyzed. Finally, based on the Russian SVBR-100 lead-
based reactor, the calculation and analysis model of the system thermal hydraulic transient and
control system is established. The two operation control strategies are theoretically analyzed,
and their control characteristics are studied. The results show that the coolant average tempera-
ture constant control strategy will result in a large range of changes in the secondary steam pres-
sure parameters. The steam pressure constant control strategy can better meet the optimal
matching and safety requirements of the primary and secondary system parameters, and can ef-
fectively achieve control within 10%~100%FP (full power). The optimal power operation control
strategy is the pressure constant control strategy for the lead-based fast reactor using the steam
Rankine cycle technology.
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1) #hrim, W NS 2908 1500°C~1800C

2) MRS, H NS AL 124°C~328C
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4) S, HFERZN 10~20 Wim-K;
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SRGIR B BEHE (1 8 2 A1k

ARSOR R VAN 28V 1 B PR RO RS HEAZ F S IS AT 4 ) R EAT 1 B AT IE T, St T AD
FRUST 200 P (Tavg) 1L SE JEAT P SR < Z830E ) () fE R S8 AT 42 ) MG PR A 7 58, ST 1 5 PR s ) SRS L
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K FH 7575 B DG R B AR R B M A r 0 T3 4 R (DA 2 1 SVBR-100 #% L A1 [5]) -

1) RS S E, BOY R IIREE, M., ZRRAESERERTL RN
SR ST IR T 47 1) e S T A B AT ELAE SRS HE TR SIS 28 A, PRK 53 B AT BAE IR S HE R I A 2 ) B,
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2) % RGEAE IR AERRK O B A K RIZE IR A TE A

3) MRIF ARG OFE SRR G EERS . BRI E . ) K2 B E.

WP Hr SVBR-100 #iJk HEAZ M vk F A TS8O0 AIhE 280 MW,  HERHE/H 1144 20570 i 2
320/482°C, HELTAENFPEIIE 401°C, WA R 11,760 kgls, —[RIEKIZ1T H 714 0.2 MPa(a), [l
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Figure 1. Main parameters change diagram of Tavg constant operation control strategy
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Ps 1L TE I AT 45 1) SRS (195 5 A2 28 VR J AN BB A% FEL 3 7 A 17 2R Ak

XFFAMRTRERS, RIRIES ps ABAZETTIRE T RFEA R . A HFIREAA, s [H
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R A DR AR, AR BRI

ps 1L 14745 1) SRS R G P 2 BT

ZJ7 R R T B R AR R, R ZRVRIE T pss T TRFEAE, FIT IR R IR &
M TE B TR EL . B, RIS E R SR AR ARV Ty AR AR R TR AL AR IR
FEBEAAN BE G AT AR A, TT K 035 45 7K IR BRI AT Az iRk

T RNk SR A HFE YR ARECKR, R A R AR A H AR S, B ER AR
R E BAABORIIAEI . TSRS HR AR R R 400°CHEZ)28 1.3 x 10-4/C) 2l
KAEFR I Z%0(15.5 MPa, 310°CHFZ14 33 x 10-4/°C)H) 4%, HHARFIIK REBE IR 24 A B
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Figure 2. Main parameters change diagram of ps constant operation control strategy
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T
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Figure 3. Tayg constant operation control block diagram
3. Tay BEBITIEHI 77 R E
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Figure 4. ps constant operation control block diagram
4. ps BEBITIERI T RE

K
No = K,G, + KsAp +—= [ Apdt
T
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P REL Ko Ko 1T ASUR [ S HETh 36 3 R G0 F T B4, eSSV, 0E 1T S x J
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Figure 5. Steam generator water level control block diagram
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Figure 6. SVBR-100 system modeling nodes diagram
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Figure 12. Normalized nuclear power trend chart
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Figure 13. Normalized coolant temperature trend chart
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Figure 14. Normalized steam pressure trend chart
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Figure 15. Normalized steam generator water level trend chart
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Figure 16. Normalized steam and feedwater mass flow trend chart
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Figure 17. Normalized nuclear power comparison chart
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Figure 18. Normalized coolant temperature comparison chart
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Figure 19. Normalized steam pressure comparison chart
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Figure 20. Normalized steam generator water level comparison chart
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Figure 21. Normalized steam and feedwater mass flow comparison chart
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