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Abstract: The water of the once-through steam generator secondary side goes through
complicated phase change processes, and the flow types and heat transfer cases are much
more complex than that of the natural circulation steam generator used in pressurized
water reactor. The straight pipe type once-through steam generator experiment equip-
ment of B&W Company was studied in the paper. The best estimated code RELAP5/
MOD3. 4 was chosen, and the influences of the node number, calculation time step.
arithmetic, and the analysis method were studied in detail. The uncertainty factors that
should be careful attention during the research on the great phase change were
described. The results show that the number of the control volume increases; the calcu-
lation time step decreases; the two-phase model is adopt properly based on problem
type; the using condition of the different arithmetics is ascertain; the multi-channel a-

nalysis method is selected accordingly.
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Fig. 1 Cross section of once-through steam generator
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Fig. 2 Calculation node with average channel
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Table 1 Results comparison with different node numbers
T .ou T2 om
Pum/ Ti,in/ M1/ P1.out / Ti.ou/ Pz.m/ T2,in/ M2/ P2.0ut / T2.out/
N AR ARXT
MPa K (kg+s ') MPa MPa K (kg+s™!) MPa
T2/ % T2/ %
SZUSE 15.300  604. 85 11.77 574. 45 7.400  524.85 1.18 596. 35
5 15.301 604. 86 11.77 15.235 576. 38 0. 34 7.399 524.85 1. 18 7.36 576.35 —3.35
10 15.301 604. 86 11.77 15.235 575.62 0. 20 7.403  524.85 1. 18 7.36 586.17 —1.71
20 15.301 604. 86 11.77 15.235 575.28 0. 14 7.405  524.85 1. 18 7.36 590.54 —0.97
30 15.301 604. 86 11.77 15.235 575.16 0.12 7.406  524.85 1.18 7.36 592.24 —0.69
40 15.301 604. 86 11.77 15.235 575.11 0. 11 7.406  524.85 1. 18 7.36 593.05 —0.55
50 15.302  604. 86 11.77 15.235 575.01 0.10 7.403  524.85 1.18 7.36 594.13 —0.37
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Fig. 3 Comparison of fluid temperatures and experiment results

=)

S

=3
3075
4077
507 4,

1
00 4 8 12 16
§ . R EE/m
B4 2 0 A R A R TR
Fig. 4 Void fraction comparison Bl 6 Mg A R B

Fig. 6 Secondary heat transfer coefficient comparison
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Table 2 Results comparison with different time steps
Sk Prin/ Tiw/ min/ prow/  Tiow/ pr.in/ To.in/ msin/ P2.0u/ Ty,0u/
MPa K  (kg-s!) MPa K MPa K (kges!) MPa K

S E 15. 300 604. 85 11.77 574. 45 7.400 524. 85 1. 18 596. 35

EREANE S 15. 301 604. 86 11.77 15. 235 575. 28 7. 405 524. 85 1.18 7.360 590. 54

1 15. 301 604. 86 11.77 15. 235 575. 28 7.405 524. 85 1. 18 7.360 590. 52

2 15. 301 604. 86 11.77 15. 235 575. 28 7. 405 524. 85 1. 18 7.360 590. 47

3 15. 301 604. 86 11.77 15. 235 575.16 7.405 524. 85 1. 18 7.360 592. 24
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Fig. 7 Comparison of fluid temperatures and

experiment results using different time steps
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using different time steps
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Table 3 Results comparison using different arithmetics

/
P1iin/ T/ mi i/ Ploow/

sout/ P2.in/ Toin/ ma.in/ P2.ou/ Ty,0u/

5k
MPa K (kg+s 1) MPa MPa K (kg+s™ ') MPa K
S AH 15.300  604. 85 11. 77 574. 45 7. 400 524. 85 1.18 596. 35
Hpazsy: 15.301 604. 86 11. 77 15.235  575.28  7.405  524.85 1.18 7.360 590. 52
ERaAEY: 15.301  604. 86 11. 77 15. 235 .28 7.405  524.85 1.18 7. 360 590. 59
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Table 4 Disturbance time sequence

I 1] /s S/ (kg s
0.0~1 000. 0 1.18
1.000. 0~1 000. 5 1.18~0.8
1 000. 5~1 500. 0 0.8
1 500. 0~1 500. 5 0.8~1.18
1.500. 5~2 000. 0 1.18
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Fig. 9 Mass flow comparison at middle

by two algorithms
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by two algorithms
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Table 5 Geometric parameters of each channel
KM EEAE/ mm it 38 T AR/ m? & Pl
JH BEH . ,
% — % — % — % B/ m
1 7 13. 94 18. 37 0. 001 068 0.001 603 0. 004 887
2 6 13. 94 12.97 0. 000 916 0.001 661 0.004 178
3 6 13. 94 15.07 0. 000 916 0.001 629 0.004 178
6 ZBESWMARTEER
Table 6 Results of multichannel method
P/ T1in/ miin/ Prow/ T1.ow/ Daoin/ Toin/ my.in/ D2.ou/ T2.0u/
i H
MPa K (kg+s 1) MPa K MPa K (kgss 1) MPa K
WHiE 1 15. 288 604. 63 4. 34 15. 226 575.17 7.399 541. 36 0. 40 7. 360 591. 23
HiE 2 15. 288 604. 73 3.71 15. 226 575.4 7.399 540. 18 0. 39 7. 360 589. 82
JHiE 3 15. 288 604. 64 3.72 15. 226 575. 31 7.399 540. 05 0. 39 7.360 589. 16
WIE U 15. 301 604. 87 11.77 15. 235 575. 29 7.402 524. 85 1. 18 7.360 590. 73
EREINE RS 15. 301 604. 86 11.77 15. 235 575. 28 7.405 524. 85 1.18 7.360 590. 54
SIS 15. 300 604. 85 11.77 574. 45 7.400 524. 85 1.18 596. 35
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Table 7 Cross flow results

P il 1 it/ 2 il 1A R/ P il 1A Fi/

K %1 (kg s K i Gees D |k S (kges D
206-01 208-01 —0.028 0 206-01 210-01 —0.008 1 210-01 206-01 0.008 1
206-02 208-02 0.014 4 206-02 210-02 0.002 1 210-02 206-02 —0.002 1
206-03 208-03 —0.006 9 206-03 210-03 0.010 8 210-03 206-03  —0.010 8
206-04 208-04 —0.007 9 206-04 210-04 —0.013 0 210-04 206-04 0.013 0
206-05 208-05 0.004 8 206-05 210-05 0.029 7 210-05 206-05 —0.0297
206-06 208-06 0.062 8 206-06 210-06 —0.036 2 210-06 206-06 0.036 2
206-07 208-07 —0.059 0 206-07 210-07 0.015 8 210-07 206-07 —0.015 8
206-08 208-08 —0.031 6 206-08 210-08 0.015 2 210-08 206-08  —0.015 2
206-09 208-09 0.0115 206-09 210-09 —0.013 9 210-09 206-09 0.013 9
206-10 208-10 0.003 9 206-10 210-10 —0.004 2 210-10 206-10 0.004 2
206-11 208-11 0.013 6 206-11 210-11 0.006 9 210-11 206-11 —0.006 9
206-12 208-12 —0.010 5 206-12 210-12 —0.0111 210-12 206-12 0.011 1
206-13 208-13 0.040 0 206-13 210-13 0.020 5 210-13 206-13  —0.0205
206-14 208-14 —0.069 2 206-14 210-14 —0.026 8 210-14 206-14 0.026 8
206-15 208-15 0.100 1 206-15 210-15 0.107 5 210-15 206-15 0.047 8
206-16 208-16 —0.173 8 206-16 210-16 —0.054 9 210-16 206-16 0.0215
206-17 208-17 0.261 5 206-17 210-17 0.052 0 210-17 206-17 —0.052 0
206-18 208-18 —0.388 1 206-18 210-18 —0.067 9 210-18 206-18 0.067 9
206-19 208-19 0.592 0 206-19 210-19 0.084 1 210-19 206-19  —0.084 1
206-20 208-20 —1.0319 206-20 210-20 —0.062 6 210-20 206-20 0.062 6
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Fig. 14 Temperature distribution

of each sub-channel

INEE

R AL AR Y

i B2 53 A1 71 7

RELAP5/MOD3. 4 #£

EE/m

15 4% 25 1 40 A s i

Fig. 15 Void fraction distribution of each channel

P BEW v w] 19 48 B9 AR VOR A&
o S B0 2 L A BRI TSR A BT R B

D) 2 T LA R 24 i A R AL P AR
6%;51:959?*/*”3\& S F R A A AR
A A BCHEA T SO 2 A o 0B R A TR



1096

BT RERI AR 46k

RUBCH S 10O 1T 5345 SR 0 I 22 7E RT3 22 13
5

2) YRR AE L TR0 DR WS ST
TS BN P K 58 P KIHR A R A
AR T o T AN [ 14 J2 B[] 25 4 /)N 8 s A X
AR 158 B 7 A DR A SIORI R P A ) ASE B B, iy IR
A BRI PR AR 1 i E] P K B B E R TR K
DA 48 38 B ] 46t i o H B RO

3) FERE ARk R A E e R B
SRR R B B i T B 2 R A A A 25 (F i 22
A HEAZ L WG B AT R LT I BN AR AT R
BV 5

) SR I BT EE R SR 2
BT R A R AR — 3 (R A H
ZN s 238 TE Gy BT 5 0k A Oy HE T S TN [
i 3B 2 A] A AR R

HE— W58 45 A L0 = B A A i
T.H ANSYS-CFD Y5 % %4 4> #f T. H. RELAP5
B A UEAT 40 M s DAAH L L 358 TF 40 A 9 T 3 2%
TR # NB 2%  U Sl R A DL 4 B I 78
KRS TN RGN 4iE 17
FEE AR T8 S BT M SE PRIz 1T

SE K

(1] fdy. oka 2. 583, 5. HEXEWARKE
ALK IR BT 59T ] RS L
F,1997,17(2):97-102.
XIE Heng, ZHANG Jinling, JIA Dounan, et al.
Thermal hydraulic predictions of once-through

steam generator[ J ]. Chinese Journal of Nuclear

[2]

[3]

[4]

L6]

Science and Engineering, 1997, 17 (2): 97-102
(in Chinese).

AL AER AR EEAERZREAS
RSB RRE R BT R LT ] P E AL AR
#4.2007,27(5) : 76-80.

ZHANG Wei, BIAN Xingian. XIA Guoging.
Simulation research of static and dynamic charac-
teristic of once-through steam generator in con-
centric annulus tube [ J]. Proceedings of the
CSEE, 2007, 27(5): 76-80(in Chinese).
CHEXAL B, HOROWITZ J, McCARTHY G,
et al. Two-phase pressure drop technology for
design and analysis[ M]. Palo Alto, CA. EPRI
Distribution Center, 1999. 1-8.

INEL RELAP5 Team. RELAP5/MOD3. 3 code
manual, Volume ] : Code structure, system
models, and solution methods[ M]. USA. Infor-
mation Systems Laboratories, 2001,
XL R kR . B ERERE
AR AR ()], MR TR R4k,
2009,30(7) :757-762.

LIU Jiange, PENG Minjun, ZHANG Zhijian, et
al. Analysis of steady-state characteristics of cas-
ing once-through steam generator[ J]. Journal of
Harbin Engineering University, 2009, 30 (7).
757-762(in Chinese).

HASSAN Y A. Thermal hydraulic predictions of
a 19-tube once-through steam generator testing
using TRAC-PF1 [C] // The Winter Annual
Meeting of the ASME. New York: [s. n. ],
1985.





