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Abstract

The primary circuit of the fast reactor adopts a closed circuit, and the inherent safety design re-
quires that the circuit has sufficient natural circulation capacity to realize passive safety functions
(such as waste heat discharge, flow loss accidents, etc.). The traditional CFD method consumes high
resources and is difficult to meet the needs of rapid iterative design, so there is an urgent need for
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a simplified method to quickly calculate the natural circulation of fast stacked closed loops. Accord-
ing to the characteristic of singe-phase natural circulation flow in a closed loop for liquid metal cool-
ing media, a general mathematical and physical model for calculation natural circulation flow was
established. The model was validated using international NACIE lead based cooling natural circula-
tion test data. The results showed that, the model can meet the requirements of quickly calculation
and analysis. At the same time, the influence of different heating powers on natural circulation flow
rate was studied and an empirical relationship between natural circulation flow rate and power
was fitted.
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Figure 1. Closed loop NC diagram
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Figure 2. Flow chart for iterative calculation of steady state flow of natural circulation
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Figure 3. Computer code for flow calculation of steady state flow of natural circulation
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Table 1. Comparison between models calculated values and experimental values
1. AR EES KA

R T HER LT SE (kg/s) R (kg/s) #8561 22 (Kgls) AAXT % 2 (%)
NAT-1 1.59 1.55 0.04 2.6
NAT-2 2.03 2.06 0.03 15
NAT-3 2.34 2.41 0.07 2.9
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Figure 4. Relation curve between heating power and natural circulation flow rate

Bl 4. mAIhRS BREIFRER X RN

Hig, FFRFEMSH (A SR RGER T AR ARSI . KIS 5 1 2
FSEIR AR HIAE R, By — € BRI IR o (EAS AR W] A B 1 AR BETH N Gy RO B 5 [0l B 1) AR TR A S 4L
FFAR A BT 75 5K SE LR D e B A B 7 5

4, 4Eig

ARSRF XS B v A0 5T A [ B P B AR TE AR B A R, L Tl A B AR R S TR T
Her P Ea, R NACIE E AT IS BhAT 1AM IGE, 45 RR T

1) ARSI AR AR AT DL A2 0 T ER, TSR S KB B A AR X R 22 AE 3% LA Y 5

2) MRASCERWE T 7 AT AR B AREA TR KN, JFUE T B AR E R RN R 2R K
F3 AT R G [ B AS SRA BT E SRR R R A 5

3) ASCHEH KA v SR AT A T DR S BB B i — [ g (il 3 [ % 5) 2 A, TR [l
e BLAR LN B AR R LAY, i B2 AN FRSR R B 1 B ARE A BT B

4) A FARAGE ARV 2 2 W P A A2 A 5. % CFD BUAIAR S AF AL Fr 26 A
WS, R IR A ST BO e 5IE 2 HoRg 56 1 4R -

& TRk S F s A A
M (ERHIEH, SRS MR BRI TR EEN A NRET, H AR

DOI: 10.12677/aepe.2025.134022 224 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2025.134022

XE &

PEEEAT T A THAE T FERS -

HIRTE: ZERFOITERNBOE S, ot LI EUE R S 1D AR

Weige: MBTUCIRERA B EL G, X E NAMESCHETUSCRBEAT 7 RGRE, Wit BRSO

RMite: AT EHERETAR, Bk 7R PEATA] SR

JilE: AR AN 5 BRI et b, et uiR gt 7O EEESCR, 25 TR
S AT T3 B A S A R AR )

PN SOSTEUERE A, AT T VRIR.

VIR WIRGREAT T B RN S B .

XA Z5RCHTHESBE0IRE, B4 T ERMEAR NG S @B IR m T 15
.

BB HOURSCH AR S NG, RS IITIgAER SR, R R R A, R e
SCHEEAREIEHEAT T i 28 F %

AR SRR YA, AHIE TEAEIT I R b R 52 BUAEAT AT BERE M HIE 7C 2 IR 0 S 38 B3 B R 2 5%
BRo ABIFTH BT« St B 7 SR ST S R T 2R B, B AR (R 2 FR IS8 5 2D
AR, ALCAEE BTG R TAEM AR bR

SEEk

[1] M, RESF, BIEE, TRA, TV BRMEIH R — B R 50K 1 s 2 m R =0 7L [0 3h
TH%, 2022, 43(3): 66-73.

[21 Friesd, R, Bibba. SEIGRHE F ARG IR AN S AR At R AT AR/ DHRSC[). i1 RERH#EH R, 1991(5):
85-89

[3] Wit oo bRHE 5 SRIEFASILL LU0 5e B A BIUS B S 280t B[], #4300 1A%, 1997(5): 50-56.

[4] SUEEE, K5, TN, % ARTEEEA SR ABHESTT R[] R TR H0R, 2015, 49(S1): 161-166

[6] JAEM, WL, HEIE, 5. A RHEZ OB B AREIR VA AN A R BB AT FE[3]. T Re Rl Bk
2017, 51(10): 1806-1812

[6] ARRRH, 5KEAK, BREAE. /N ARG IR A TRHE E Th 26 2k S B R B A /3 AT [3]. % 3h 1 T2, 2017, 38(4): 1-5

(71 BWeRE, xUKHEE, T8, 55 BRTEM A PUETC RIS M T[], BAERSE SR (B AR 24 AR), 2018, 32(3):
18-26+64.

[8] MREN, AEWN, K5, 5. /AN EREI T B ML G e Tt e [d]. %R AE S AR, 2019, 39(3): 430-439.

[0] My, B, RIGHE, 5. BRI AR — B2 R AKX ) OGRS R [0]. %3071 A2, 2022,
43(3): 66-73.

[10] E&FEE, Ed, TR BERE S BRI SEEREI]. B AR, 2023, 50(4): 44-52+108.

[11] MHEHN, R, 3Whk, & T —4 RS + =4 CFD S ikt dEREsh & I R 48 A ARG R
PIBUEREA]. BT ReREEAHR, 2024, 58(9): 1833-1843.

[12] AL, sEHwW, i, 5 aRaA HEME N B RTE IR R AHER B A L] JR FRERHFHEIR, 2024, 58(9):
1817-1824.

[13] Barone, G., Forgione, N., Martelli, D. and Del Nevo, A. (2012) Pre-Test Analysis of Thermal-Hydraulic Behavior of the
NACIE Facility for the Characterization of a Fuel Pin Bundle. ENEA Report.

[14] AR, SkEZ. HSHELRES ST M——rERe. SPRAHATE . RIOKIFHEARIML. b5t B L, 2014:
1-67.

DOI: 10.12677/aepe.2025.134022 225 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2025.134022

	快堆闭式回路自然循环流量的快速计算分析
	摘  要
	关键词
	Rapid Analysis of Natural Circulation Flow Rate in Fast Reactor Closed-Loop Circuits
	Abstract
	Keywords
	1. 引言
	2. 模型与方法
	3. 结果与讨论
	4. 结论
	作者贡献与利益声明
	参考文献

