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Simulation on Secondary Loop of Marine Nuclear Power

ZHANG Yang-wei, CAI Qi, CAI Zhang-sheng
(Department of Nuclear Energy Science and Engineering ,
Naval University of Engineering , Wuhan 430033, China)

Abstract: Based on operational safety analysis of marine nuclear power, a general two-
phase flow simulation model for nuclear secondary loop system was established, which
can fit the needs of real-time dynamic simulation of complex two-phase fluid networks
under manual intervention conditions, and expand the reach field of current general
safety analysis program of nuclear power plant. As an example, the capability of the
simulation model was validated by taking simulation of rapidly power reducing condition
of secondary loop. The results indicate that the model reflects the dynamic characteris-
tics of secondary loop system of marine nuclear power properly, and can be used to vali-
date the accident treatment regulation and function of control system. The model can al-
so fit the needs of developing saturated steam system simulation software of nuclear
power station.
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Fig.1 Scheme of secondary loop simulation

2 HEERBERKREXH
2.1 EEATFEARE

RGN E BRI D MG R
O3 0 A T B AR A AR ) 3 i I 2k
TR R RSP A S ) A ST N AT R AR T
D5 AR RGOS R VR B O R VR RCRE
W

IDNNi R EW

KEE R = B ALl A I F AT 45 38 45 o1 1
AR LTI -

9(& )n aFn _ (’)F[m 91_‘“
A P S e




178

BT RERI A a4k

A o PRI 3 B 0 Ry WL A R 5 = AR
6] AR AR 5 Fo, D 30 53 A5 1 3w T 45 1 A
Ui AA TS 23 R AR 05 B 232 ) i 51 R By

Uit
2) B SFE TR
9 (aph ) _ d(hF); +
dt dz

AlTha +Q—=W) + D> oh . Fi (2
A Dho R R A AR I 7 A (9 RE S5 Q
PR S S0 S R S s W UK Bl 1 R BIL A
GREEHLE) Ml I AE R REHR > o Fu, &
71 P T AT 30 5 R Y S

3) B s E s R
PR s i SR TR 2,

2 Bk A

Fig. 2 Scheme of momentum balance

B sFE TR
dfi _ aA(dp
v R (524 frwt frt

Kuoig = 0Ppm ) + 2 0F o, (3)

Horp s Ky O B il B 4 X 1 5 f TR 55 BE T
P4 JEE 45 28 50 f o I A 16 ) BE 4 2R 85 0y R
ANLIE LA AE Sl g A IR R YA
200F o RN WA 10 S 5 00 5 A o
LRIV

A A BRI PR [R) R B Ay ] A O DRAIE T
B o R B AR RE P A TR R B AT TR A
JEE T AN 255 B8 00 I AT [ ) T % A8 0 S B R 1
X i 5 RE 8 1 A2 Bl 2505 L2 BT BRORS B BEK
2.2 REAESEAER

B TR PP A S S 1T PN ) 0T 7 A 1 4R

{ﬁ%fﬁ(ﬁﬁﬁﬁﬂﬁ Nl QI:QII:QIg 9QI )Jgﬁ‘ﬁ’fqzt
R 5 Qu Ry TR 1) S 1T ) % 35 Qu Sl VA 1)
FHTH AR, i T 75 B T AR BHOR

(T, — T, )

s VR AN ST B IR B ke / X TR
R RIS ) A% A B B TR D AR A B T Y
JRE X0 MTHE .

SE VIR 4 A AR R It A S T ) 52 ) o T A
THRUAH ) S PATET AR Ay ARME . AR SCis R BT
KI1 o MR P RETACT Wi J7 i BEAT A 5
K[ag(l. 0— ag)TV

Rd’
Forpr: K=3.0 T BUH 0 VR il AR B 20 i
FHRLE R il R T4
_ 0.5We o

2
{01 v;wg

AI - (5)

Rd (6)

Rd’ — max(0. 001 5,min(Rd,%Dh)) 0

Horpr:We o =5 il S 0% 0 24 WA 38 1 ik
35 Ve PP 2 000 K
2.3 WHERERRHESR

PR R B S B G IR S
ZHCA I A AR B B BRSO ) e
FE . 75 SRR 1% PR 52 A M AR TR I A BE T
e T Z BT o AR i U A AR 25K 2 R o R O T
43 X AR i i TR I B S S I ) SR A3 )
NGRS i i = A

BAAEYR GO iR 38 X I A% TR B T Bk
Dittus-Boelter 24, 1 4% 5 1 1% #4 R B0 113 %
FH Chen A3, BREZS Wk 16 1% 4 R B -3k
Bailey 73 3, 18 8 1% #4 R BUR H Boyko-Kruzhilin
O R 2 R AR [ AR X R A
2.4 IERmED

P 7R VRS I 1) 5 S i DX B e TR A I R A
T 1S5 0t TR B AL s % . AR SCHE
THE I U3 sl ad B i ARl O A T iR R
Il L 2 455 A A Sy R T X T A TR S
DX Aok 98 B 5 DX R B R PRAAR I8 75 X B XA AN
] 24 S A
2.5 REEE

R4 BE T A T AR R B L X &R 48 P B 45 R i



WE SRRSO MO RS S

179

£ 53 N ST SRR AL R VR R ML) R A AL
e LR A AT 850 B K AR YRR 45K
EAEAY (A 1] AR A A 1k R AR A | SR AR
PR YAoK oy B AR B B A, o A L I T
HEHE E 05 543 b7 A8 e o aE e R A A g A7 ot
SAL T — SRR AR TR 2% WV AT S AR 3 L
PR R T AR P B g S T R A
2.6 WEHIE

TR B PE S B0 R TR L R S
TR BT RE R ELESH BT
W AR RS AL R A SR W R
() N B TR ARSI T R

SOBOR A AR Y e ) 32 A S Ry
JE 77 09 5% e, AT SRy SORE R T RIS A S A R
1. SRR AW R T BN R A3 45 R SR
Y ETIYGE BRI T R 1 Z M

ERATHARE T EEPIR GRS
AF B4 T FBE FBAH B I BE AT LAAS [R] L BT DA A 1B
DL A ek B B 6 ASAH R 43 S0l S S T SRR
e SR TR BE AR i AN T B SR K ZE S AN TR
R 53 ) A

R 4 YRR T 3 6T IO 1 K TE AR RN S B0 R
A5 AT U R YRR % R G oL VA AT R 46 B 48 O
SRATWAH FE 7 5 SOAH 9% B2 38 o 7 B AR 8
R, (TR,
2.7 HEMEE

M4 © SR A5 1 2 5008 o 47 18 15 AE /K 578 R
SRR P TR MRS %S5, it
T 1 U 20 10 ) 1 2 B S A YRR R 14 H

FVRES R AR B R AR LR T po Y RRER T AR
W po AEMLFIK RN RN 28 V3 2 80 3R T A R 15
R YESEL

SRR P 5 BRI AN AT BE AR 2R VR T A
SEPE R IR S W R B = T B BUE R R
i A BR 25 430 L WO 9 0T o ST 1 5 R Y oK A
& B 22 20 B i 1 8 O B 00 SR iR T2
B 220k
2.8 MEGEMRITERRE

At R JH Fortran77 i 5 44 2. R 6l /)
JFE 770 B SR i 2% 715 s R 0 Wt B o
BRI M ERZRTRE HBERARRE.E
BEOKRG WBEKRG HKRGEHF T RE
ST RS XN FRY . R E
S VAR R AE A B A s AR R
I Hy 3 [\ F 4% 0 AR Y 48— 4y e TR E
D2 A 3 A s AR g I N (1 R e e A e
B X SRR R o3 S R G AT E
THA B PRt & F2 7 8 0 ) 38 T i &t A
B, B3 7R I i 4 0 2 o =L B 4
N AR B R A R
2.9 AWXE

R LB B AT ok R A R A AL
L STE et NG N LN SN S 2§ TPIN
LT RE d ] C+ + Builder i85 IR T ALK
Bl VC+ 5 5 Y TH R B
SEPE SIS AR A AR A . e sg
LTI By N M B 62 = B 72 i IRV NN
T,

AHLAZ 5t

A
Y

TR R

i 2 4
7 TLAE P

A
A\ 4

[ v o [ v £ BT B b
¥ ¥ 1 B
b B
A PR A PR B e
4 B 5 B 41 A B Y
A Y 4 4
THF TRUT2 7R n
M M MN—p By
Y
LT
B b e

K3 Bprait

Fig. 3 Software structure
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Fig.5 Simulation results of pressure of fresh steam (a), flow of steam and feedwater (b),

power of main steam turbine (¢) and pressure of condenser (d)
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