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Steady Thermal-hydraulic Analysis of Steam Generator
Based on Drift Flux Model

ZHANG Xiao-ying' » CHEN Huan-dong', QIAO Lei', LI Jing-gang®”
(1. School of Electric Power , South China University of Technology ., Guangzhou 510640, China;
2. China Nuclear Power Technology Research Institute, Shenzhen 518026, China)

Abstract: In order to study the steady thermal-hydraulic characteristics of a steam gen-
erator, a 1D simulation code based on the 4-equation drift flux model was developed.
The U tube bundle space was considered to consist of the primary channel, the seconda-
ry channel and the tube wall. The flowing characteristics in sub-cooling part of the pri-
mary and secondary channels were simulated with single phase flow model, while the
boiling part in the secondary channel was simulated with 4-equation drift flux model.
The first-ordered upwind differencing equations were derived based on the staggered
grid. An alternate iteration method of heat balance and driving force of natural circula-
tion was implemented then. By the proposed method, the steady thermal-hydraulic
characteristics for steam generator of Qinshan 300 MW NPP, under 100%, 75%, 50%,
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30%, 15% power condition, were analyzed and compared with simulated results of

RELAP5. Two sets of results are in good agreement.

Key words: steam generator; thermal-hydraulic characteristic; steady analysis; 4-equa-

tion drift flux model

RIRR AR REE R — A
dl R IR E P ) E R . B E PR R K
HEAZ ML) I AT g, 2R YRR AR A R DR S
FEAZ S 5 A AR K L, PR R K R
B AR R HE R B 29 1/4 2RO 20ROk A
B ZE YRR A — L R Bh
A5 ZR R A 4 1 & 2R 1817 % YA
KW 5E LA TR R X F 28R R A A ik
TS ZA2ET A EENE T 5L

HIRELEMARR R IR WS HRZ 8
RIMAELE S SRS . Tk N TR
KR ITOK IR B RS 8 TE KA
J& o EFR B R T L TTE X 2895 R R A R TK
J15y M AR P & i) THEDA2 #2)7, %
FH 557 G 0 0T 6 sl o R AR R 4 SR Dy R R
fit ;s EEH ATHOS )%, R IS WM =7
P ol RS Ui 1) DUy AR W] AT — 4 L A
SHESRHT s N R BOSS 27 , 5& 15K i # oo
REEFEM I T K I g, o]l F U BRI X,
AR DB I T, BNIFET —
e BB U B IR A ARSI T
K F1 5 AR e SGTH-20 L K Y4 A1 i 45 A (1) B
BHREWBIRK LR — I TK IRy
MOFS™ 8 45 F IR 48 78 1R R A 4 R L
K g2 B B R IR e TR A

H A0 F 20k A 2 3 K 140 i i 2
2 R T B R AL AR Y L e SR A I Bl Al i
B — IR 25 R SR O B A A K
1) AR ARRAE o FLFE 78 7R R LE 48 11— 4 43 A7 22
B, I B 9 — M H K i SR 5
AN TE TR B, PR U RV R B
TNREBUE NI MR ZER K B R BRE
Reg 3% A5 A W0 A 3 A 1 9 20 AR A TR 1 R AN
] o X 2 1R R A A A T K R VR 1 o BT 1
T A L E X IR E AR T K Ty it
i (AR RN S 1 AT IR AT

NI ASORE X U RIS 7897 K A A ST
— RN L R AT PR RN 2K R S A B T LA AR

T A AN S Sy AN 30 SRV 0 0 3 SR T
LA AL TR R DY Ty e TR RS AL T o A AL —
W 1m] A I B0 O S RE T AR PR R 5 b A A
TORII TR RL . IR g il 28R A A i AR TOK
VRS T  0 ZR 1 — AR T AR RO AR
RSB T ST R

1 JL{EE

RIRR AR EREEN T 4% 0 T X
TR Iy 0 B R AT B0 i B I R A, 0 20 i
Trastfaife . A SCLL U BUE 2897k A 4% 0F
FEXF G, %) U RUAE P 28 (] e 4 20T 2948 K T A
R — R B B A R 2 [E] X o A
B 5% B, I 78 93 A A 1 LT 5 44 i 1k
A — A G R[] B AR A 2R
TR ZERE M L i 1 s . il & —
PEIR 1B, 257K % VT Bl s | b iE e (L4
% Bk s B B T BO A AR

HiRE
|
- = |
S D N |
7k
ik #h &
| | il
i i
T | B | |-
P X0 k| |k B
i | | fi
1
it it
S %
: Bt

B
BN L —ABTHAP |

B 1 28R R AR 1 T Ak LA 2544
Fig. 1 Simplified geometrical frame

of steam generator

2 mIBIE
ZRAR I A A PR 3L Bl 23 D BARAL 30 R
FH U By — U A M sk v B 3 3 2 A



534 TR/ AR LT ERRS TR Y i 2R R A AR S K 1 A 449

Bl U Bk B B SR P AR IR B . P A I
DX I F) 3 80 5 A% G e AR 22 1) ) A A L A
i B B R BN AL 2845 22 o DR G 4 38 7 Al
Ui B B RO R AR BOR 22 5 o D MERf SR
fifp 28 VR R LR A 1) UL B AN AL R R L RS BRLR O
R R 8 IX S8 0 47 e 2 ) 5 R 4L
2.1 BHERREBHRASE

ZRARSL A R A T B R R 2 v 25 Y
DX 3 A A — UM U T R E L
1 B, K 4 X 1Y s 1 7 R D R R O
TTTRE

i f SF1E
oy ) D
dt dx
e SFE T
L) =L i) = L@
shEsFE TR
d dJ

oy 9P Ty
oz ™ ) dx A, g (3)

Forbc o WA B 5 ¢ SR U AR B 5w SR R A U
ST s R B b R TARKS s p R T 4
BT 5q 9 BETRTFRG 5 5 U S0 5 Ay DI
AR s 7 N BETIYIIN Sy s g b E 3 s
2.2 WHRREBMREAR
ZE VAR AR i v PR I 2l 32 S A U i s
B 0 iX — XK T Y Oy PR B A B L 2 T
AU R 8] 1) 38 % AR AR T 2 0 3 A0 10 )
A AN 5 AR SCR Y kT T AR 2 /Y — 4E 0D 7
FREER GAHL i Oy A I
TR G Wy Y o o Sy 1 7 7
Ipn 4 2w _ 4
dt

dx

RGP RE & <7 1 7 R
A _dp 9
5 Conhn) = 4 T Conhun) +

i(agpgaf(of(hg 7hf)ur) — Qw)w (3

dx Om A
HERSRZ/NiUESIN R E N i

(?um aum (7 A g OgA1 (L{g .
om 5, + ol T +ax< o ) =

O < (6)

d dJ
5, Casos) +€;—I<agpgum> +

%(“g ;‘ M) =, <0

Horr: o AP ATR A 3 5l S SOV A
RAKE s wn IR T 5w, R ST AH AH X R
B u, =g — wp s ug vug 43 5 R SO R IR A 5
ag ~ar 53 ) R SO TR 25 W0 A0 505 hy e G ]
SRR AR A TS 5 o S U BN 5 A Dy iE
AR A T R BB R
2.3 UBREHEERNERER
FRIVRRAE AR — L U0 G AR [ ) Bt A% 3
SR 3 ) A RE S AR AT Y L IR G RE AR S B AT
K B AT A b T 1 — 4k 307 BT, BE T
YRGS 8 R A PR Sy AR R R
IdT _ 1 9 (kr aT

ey r dr

Horproc, A8 BE LU E TR A T 45 BE L
r NERERR AL E kN RE S IR TG 0 MR
RN IR
2.4 FHXREAR

TR BRI T R 8 T A T — LA
Hay 5 2R 2 AR R TR 28 R I P 2 00 B T
R IS B R A G R WK
FKRZ& S A 1 2 R B8 TAPWS-TF97 24
AT FE, BE O ORI BB M S SR
Incoloy8005 &S H . imsit X 7 A
5 R OC R/ A B RO R A AR
QIR B S e BT T iR S s v

) e ®

ar

3 BEXRMAE
3.1 RIHMBERESE

FE I 5 5K et B v AR SOR K R 2 4y
#e 2. o T BRI RE B 7 R Y X I 0 Bl i
7 R H T B R ORI N R 5 A% 8 0 e X
Ab L, AL I R R kb B . R R S A% L ST
P A A Gt A — T R R R R
F1 AR R K A A
i A 22 B HES . o A RE R Y B A
PO CE iR N Al W o SN 5 N (DS i B Wy
B B RO S X G — 1,5+ 1, 34T,
B AR P 1 A8 BRI 3 3 50, R 2
IR



450 JEFBE R E H R H494
iR, REEfEhlg poahp Ay An Ay e —he
f_/% :
.i—l 6 i ® i+l Ay Ay Ay o —a | =
: _ LAz As Ags pitt—pr
o’ o -
e By Cu Dy,
u R By |+ |Ca lzﬁjl + | Dy ﬁ;:f]lfl 13
LB;, Cs, 31

&2 B 7 R I S 4 A%
Fig. 2 Staggered grids for discretizing flowing

conservation equations

AR A DX 8 PR R DX R R 7 o T
T A I A A ) 6 T P R R X JAY Y Ts
P IR B Ui AL R L B WIS 1% B Y o B X 22

HREWT
1 1 1 ntl » ntl
(Om.r 7‘0m,i {Om,j+1 Z'tm.j+l 7{0m.jum.j — O 9
At + Ax (9
ntl o hu+; 7]171 . p’.’vl . pn
h;;‘ ; M 7[1u ; msi msi o 1 1
' At * o At At -
(pmhm );'IJrl u’;n‘j#»l 7 (pmhm );Iugl{j +
Ax
( (agpgafp((hg —hu, > "
Om Ian!
<angar,0r(hg*hf)ur>”)/Ax: G Y w (10)
pm J A
LoUR TN U Ui
Pm.; # =+ Pm.jUm,j Tl -+
(ag(ogaf(ofuz > " (aglogmpruf )n
‘Ol"ﬂ i pl’ﬂ i—1 j—
Ax
pitt =, T Yo
— — g — 11
Ax P18 A (11

wtl _ n an\lian‘
n 2.1 Bg.: 7 g g1
Qg,i At +(0g1 Al‘i +

n_ ntl

1
(agpg);l\lu;ln./\l 7 (aglog)_/um.J +
Ax

n n

<ag8ga{8fur> - <agggafgfur>

(Om it ‘Om J_ wit-1
~ =r A
Horon FR E— 205 ac it S 2K A
SR N [E1ESe S

Xt TR B A 25 23 05 B oR - TR 8 IE
SR . SR B T O T — I 2 i BfE
SR fifk Sy k5 R A5 BT IR 220 U A S RE ) T E (R
N an o BRJEORIR G W S E T R RO
P sy T AR IR G W AE s T AR
NURTE A IR

SR A2 CL3) Ay B J7 2 20 - 15 20T I 2037
T3 530 . 5 R 200 R ) 43 A0 18 1E T
A I T 4 3 BB SE L an) A BB I 220 3 3 19
B .

anh =)+ (55) ol

Xt F AR A 2 A, Al e AR T 92 4y 05 e B
S ] 25 R — AR KRB 4 Ar=10" s, i £
Xt s [ 5 Y S B T R B 220 e e [] A
SR I B~ A8 7 R AR AT AR A AR
3.2 UEEEESANBERBRER

XHF U B A RE M T AR A BEAR G, WY
JEEJEE 14 3L B8 22 31 /N AR SOR 4 8 S B0 SR e
B 30 C8) A5 i B4 HLUJE T AR 73 )i 7 B A8 BE 1Y
R

T = T+

— 4

A A
,Omc,),iAr< L+ r; +rro> )

KT, — T — —BL

Pm(f‘p.mAr

(1— -8 )g+q 2 (15)

ritr, OmCpom

Horror oy 20900 U R4S By N AR I SME

4 BEHEERSHH

FET UL E IR gl T U B RIRR
A B AT IR K ) 43 iR e . XF 22 1l 300 MW
WL 2R IR B B AE 100% .75 % .50 % .30 % .
159 5 FR TN RSB 1T I TR IS5
PEAT TR X 10020 D% T80 . R FIRELAPS £
JPXRT B 1 PR 28R OR AR AR B R AT T I X
PR S R IEAT T AR,

T4 8 I RS BOR - — R M
RGN LR EE . — R M HEJ7 R 25 7K
L R 5 K IR E L FE AR R T R KA
BE o 7E 1002 T 3K, — WA 3 4
3 333. 3 kg/s A H 315.2 °C KK 15. 3 MPa,
TR 45 K B B D 259.86 kg/s| i E R
215.6 C, 2K EE J1°h 5. 43 MPa, /KA & i



534 TR/ AR LT ERRS TR Y i 2R R A AR S K 1 A 451

> 10. 04 m,

Bl 32810006 T . E R LK ER—.
YA B AR B A I IR EE A . IR 3 HT
T s — WA 38 4 L B O R AN R B R
A B XA AR — i EE AR T I R AR B
B e T 2 N 5 A e I 2 S N <A
R — U 3 AT B 5 ] RELAPS 35 4 45 1
— B AR A o (AR SCRE R SR ) A
IR E EERELAPS (1) 25 S g A%, JiL A J RELAPS
rh X SRR A R S v e i XY AR A R RO R
& IE 1 56 2 300 B 4 0 &R B ok T
TR G A U B R R . AT BV IR BE A A
G — YA AR — B S Dy — U AR
BN T AN FR B A K

B4 Ry 10026 T 3R TR , A AR 0 A
TR A A . B4 AT I PR
SALER) WA A=A 0 YRR 1) I R T A R S 4

w

R

A 7l

o $ufil|, RELAPS
| A &, RELAPS,

S8

RMSARE /(s ™)

ER/m

T 2% 7R 5 B A el O A A B R R
ST B W U A5 R AR O S R O
Ko PR BT RS R — B R Bl F
RELAPS #5380 i X 3 4 #4 R £ K, fr A
RELAPS 135825 A 26 = .

— &M

— AR
--- RELAP5#11)

EE/m

Bl 3 ZEVRRAE &8 — UM A4 B A% B 1R 3
Fig.3 Temperatures of fluid for primary and

secondary loops and U tube wall in steam generator

20w
T e
z o #ull, RELAPS
= A ], RELAPS,
=
=
o
=
=
\E__<
X
N
1 1 1 ]
0O 2 4 6 8

P4 100963l 38R Y AR FBORH 1 I 32
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