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Development of System Analysis Code for Pool-Type Fast Reactor
Under Steady State Operation

LU Dao-gang', SUI Dan-ting', REN Li-xia’*, QIAN Hong-tao*, TIAN Lu'
(1. School of Nuclear Science and Engineering , North China Electric Power University ,
Beijing 102206, China; 2. China Institute of Atomic Energy. P. O. Box 275-34, Beijing 102413, China)

Abstract; Aiming at developing system analysis code independently, a system analysis
code for pool-type fast reactor in China (SAC-CFR), with neutron kinetics model, core
and hot pool model, intermediate heat exchanger model, primary and intermediate heat
transport system, steam generation system, was developed based on Compaq Visual
Fortran (CVF) to analyze the thermal-hydraulic characteristic of fast reactor under
steady state operation. The simulation results of China Experimental Fast Reactor
(CEFR) with SAC-CFR were compared with those in CEFR safety analysis report. The
good agreements between them show that the present model is effective, which makes
preparations for further development of transient model and plant protection and plant
control system.
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Schematic of hot pool
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Fig. 2 Nodal diagram for energy balance

TR A
oV % = W.(eqoi1 —e:) +
H A (T, — Toiii) (1D
i P RE
Miec., di‘" — Hy Ay (T — To) —
H A (T, — Torii) (12)
bt
Mg, ca.; dg;‘“ = HwAp (Tyoiin — Tan)
(13)

Hodr .V o AR R B s e AW Ry BT i IR
M T A s M O it s e MO T
Fr posstosh 20 JI 7R — WM O 4 i
ShFt st AEERIIA G5 s Hy  Ho  Hoo 50 518 —
A A 5 4 P A T R B R R AR
e P I 4 R B — IR AR 5 A e Y A A
RBGALAGAWIT AR Ax K BE B — R
A5 0 PR T At BT R L OO 9 AR e B
) A BT B L — R A 5 Ak e A A A TE A
T~ T 0 — U 38 A 358 Py 428 o) 4K 1
PR EE RN R
T, + T,

T, = 5 (14)



4 Wil 3 49 46 < 3t SR R G 0 M R PE AR S T RETT &

425

_ Tt Tos
2

F3O0 Xob = RN A AR A LA B

dei.i+1 dei dff(ﬂ

~ —L A~

de — de T de

o (] A58 e 2 PN U AR U B o FE 1A 3

71N 5 i AR S o G 4 JBE 4 R B L ) R AN DR
R o 11 e e B At e %

T,.i.in (15)

(16)

ZRMIA BY W

ZkMit A
W,
| kAR

UL
kM

3 THX KIJr#itEs B R
Fig. 3 Hydraulic profile of IHX

1.5 ®REEE
MERAEENER SHEHBRM RN
Ap = ppgHop (17)
Hrpap WA AERBNIES G R 00 N
WK He WEGTE.
SRR el R R B = () A G ARl i
A — T i AR
RS 100 45 18 N8 20500 I IR 5 O
T.=T, i=1,+,N (18)
Horb N R EBENB IR S .
TR 20 78 T8 1Y R R R R R ) IR
Ref 0 J 0 S AR AL
1.6 =[OgiEat
SR RCR AT RGN & B Oy
bt B TN N U e R BN W 12 R = I ¢
] #5376 B S P A AR S R IR, BV SR S
ra] e B A [ 1) Bl i O BRI e XA ToR . %
S F) = [A] BK N R T 0 T B AR AL R AR TE LA R
HEEROE (N2 K g D N 7R AR N E
J1ASACR B 2 B U, X B i 3 R A T S I g
ARl Ak B Ty =X, B X B T8 A Y Bl O R
SR AR U T PN I T 38 T S TR R T 1 3K i

AR 2R S i R X 8 R A AR Bl
AT ZR A TR A

= 1 g Y A AR R Oy L A B LR L
FTVRAERA A RBE ) P AE A 18 A8 L i 34
xR 170 P9 A 4 19 B ] JBE 5 07 5 L £ 15 25 15F
(] RO AR EEAR /N o R It 6 ph ok 2 R T A 3t 1
B A B TR E AL R G AT Sl i AR ISR
A GE N 8- 32 0 S R AR G P S LR )
ARAFHY R SGZFR G -3 1K ) 9 LA it

AWM SENZSHET) . RGNS R I
A 0
I%:pinipoul+Ap (19)
dr

_ Nh(AX,
oo = 2(% w)r o

O AKX,
I=>, A €30)

H Woo WIZ RGN B i W, o
AW EME YR E AX, B EKEA N
TR R I B Ap R T MR T A TR
F) P % o AL 45 ) e A B 4 R L i S A L R
W B A 5 o Pou 20 HE TR T

FR G0 PN T B R 30 174 3 AT 0 38 e SR A T A
A Jo B S FE R RE Bt SF 1E 7 B AR A .

REA 0] 3 I g 19 T4 TR AR VR AR FRAR R
S AR A A B A A Y G e SR i B
TR ARE R TR IR LU R IR AR Y
ARZETT R SRR N AR A ) .
1.7 &R

R b IR AR AR Ab 3 5 B I AR 4 ) ) A
WIES B T AR B S AHZ
T 28 20 RO B B B R S A
A RN K KR T S R (L
TR L RS RS (R B RE L B ) RG BE P Ry A
KID

JEE 45 DX 1 15 A i RO % T MR B2 AT kL 2
T B EEE N TR AN f=64/Re i i i 3
JEE A R ¥ 50 DE

TR 4 e N T 40 A TR A A R R SR AR
& IEJG /) Schad 5¢ & A BN FE B N SN 8
e 2 BH oK ## % ] Graber-Rieger 3% &
K, FEIRE AR KK ZE S B 3 R LA
4 A B i i o O g A A A RS



426

BT RERI AR 46k

i 3 PRV T 45 B4 R Dittus-Boelter 20
K . #& 1E Dittus-Boelter 2> & 1 Jens-Lottes 4

AT B AR A R SR A

2 EFEmE

SAC-CFR & 14 i il SR F Ak 458 B Al 45
st 1 Fortran 4 215 5 . 1817 M 5528 Win-
dows ¥ /E &£ 4t F 19 Compaq Visual Fortran
6.5, PR WME 4 PR .

(%Aﬁﬁ#&ﬁmﬁ@)
|
R AR, HiEEH
R, et i
v

1
ARl S R I . 7 AR T

| = W LA DR |

M AI—, BB R D E

|
| SRS SR D E R |

i FEY R il R RS
L& R

\ IR RGN \

LTSS ]

K4 RSitaERFRER

Fig. 4 Flowchart of steady state calculation
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Fig. 5 Simplified configuration of CEFR
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Table 1 Main parameters of CEFR at full power

S8 Bl
IR MW 65

— [l BV J ) AL B kg /s 350. 26
HESA TR L C 360
HE TS 2 A, °C 530
THX — YA A H#  C 516
THX — %At g, C 353
— [l J432 17 K J1 . MPa 0.05
HIREERA TR, C 495
FEVR R At gL, °C 310

K H SAC-CFR Xf AS [d] o R F M i 0
TREE P IR B R IR kA AR O 2R R
REE AT I A5 RS CEFR % &40 #r
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Table 2 Core outlet temperatures under different powers

e R /K AH RS
T

SAC-CFR FSAR W2/ %
100 % FPV 803. 04 803. 15 —0.013 7
75%FPD 785.13 786. 35 —0.155 1
50 % FPY 760. 75 763. 05 —0.301 4
40 % FPY 747.06 749,55 —0.332 2
26.5%FPV 693. 834 693.15 0.098 7
26.5%FP? 665. 228 664,55 0.102 0
9. 45 % FP? 598. 853 594, 25 0.774 6

WD) = BIEEZEIRE S 14 MPa
2) =& FEIRIE SN 7 MPa

R3 TEDETHRPBHOEES
FSAR 1 IHX N\ M8 B bb 3%
Table 3 Hot pool outlet temperatures

under different powers

T AL XA AR A 22 %%
i JE /K /K
100 % FPD 789. 486 788.150 0.170
75 % FPV 771.169 771.750 —0.075
50 % FPV 746.183 748.150 —0.263
40 % FPY 730.528 734. 950 —0.602
26.5%FPV 681.556 683. 450 —0.277
26. 5% FP? 653. 130 654. 850 —0.263
9. 45 % FP? 590. 129 590. 650 —0.088

D = ZARIET N 14 MPa
2) = ZEIRIE I N 7 MPa

R4 FRREB/HORREES FSAR HIEILE
Table 4 Steam generator outlet temperatures

under different powers

AR /K ‘
T HHXS R 22/ %6
SAC-CFR FSAR
100 % FPV 749. 47 753.35 —0.515
75 % FPV 742.658 753.35 —1.419
50 % FPV 730. 2 740. 65 —1.411
40 % FPV 722. 30 731.15 —1.210
26.5%FPV 676.112 680. 05 —0.579
26. 5% FP? 644.621 652. 25 —1.170
9. 45 % FP? 580. 278 586. 15 —1.002
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2) = FEFEIREIIN 7 MPa
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Fig. 6 Flow pattern at longitudinal cross-section

in hot pool of CEFR

2r . 0.4_’171/5
s 1r ) S
g:id
T of
= )
R
) : o
1 N N 1
-2 0 2
2R E/m

& 7 CEFR $giab th 1 BEA0 488 1) 17T A 3%
Fig. 7 Flow pattern at horizontal cross-section

of hot pool outlet nozzle height
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