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An Improved Numerical Calculation Method of Fluid Network for Real
Time Simulation of Fossil Power Plant
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Abstract: The simulation of fluid network involves issues of non-liner, large, sparse matrix and stiff equations, and perhaps is the
most challenging task in the plant simulation. Based on characteristics of non-linear equations, an improved iteration method is put
forward in this paper, with a good convergence property as compared with the original Newton—Raphson method. An efficient spare
matrix algorithm is also used to guarantee the simulation process to have a real time nature. The method dealing with the "stiff"
problem occurred in the zero flow path and isolated islands is discussed.

Key Words: power plant; simulation; fluid network; numerical calculation

CLC Number: TP391.9 Document Code: A Article ID: 1000-7857(2007)08-0011-04

Jacobi S
[1-3]
b

Newton—Raphson , ,

[1-3]
’ ’ o o

: 2007-03-10

; E—mail: cairz@tsinghua.edu.cn



] |emM K —
L4
o eview
Papers on System Simulation
Science & Technology Review 2007 Vol. 25 No. 8 (Sum No. 230)
1) [1/1-A¢A |<1, , A
dpi Uy, ’ y
G A —szy (1) 1.3 Newton—-Raphson
Gpi )
?Cl Vi apl ’ l ’Vl o (1)
( )L ’pi ’wy t+1 t
/ P P, !
5] L o ) Ci At = z wij (7)
(1) , j
t+1 t+1 t+1
° w; =w(p, , pP; ) (8)
, N / 5 1+1 t
) Fi*.lzci%_Zw;l (9)
J
2) t+1 t+1 t+1 t+1 t+1
, Po = ios D205 "> Pug) , F
dw- [5]
IaTtL=F (wj pir pj) 2
1+l oFr ( t+1 t+1 )_0 (10)
1, 5 s et ; ap: |, Piva=Pji )™
oF,  oF, aF, |
F I:" i’ / :O 3 t+1 t+1 L d te 1
(s, ps p)) (3) pl,lm Pl,]k g% 1 g%z gz} -F,,
1+ 1+ 2 ) . 2 —F
Pz,.k+1 _ pz: Flg 3]_71 3]?2 a]_% :Z,/ﬁ
= o D 4 : : : : i
Wi w(p pj) ( ) > . 8Fn aE, aE, -F,,
sPi »Pj o pn, k+1 pn,k apl ap2 apn
’ (11)
) t+1 +1 k k l 1+1
sPik D be + .
w,=K\php 5) fricfuen "
K 3 o o
1.2
e T i % —l
o ’ l SHITH:
A2 5 , BEME:L=P | w=w(p, B
l Jacobi ML E,
FitH
WHE: ¢
© ’ @we=w (P, Py}
@ Jacohi EET | £
A=L 3 N (6) % FitH
Ci dp:i 5
600 MW : ! B l‘E
V=20 mS’ R 10, =1y =560 kg'Sfl , HiE 0D pyskag e
. (5) :
ow _ 1 w ap 1
——=——-——=280 c=v ~V =
ap 2 Ap ’ ap 0 1
a=1350 m-s". (6) Fig. 1 Calculation process of the iteration algorithm
A=-520 s, 7=—1/A=0.002 s, , 1.4 Jacobi
5 (11) aF,/dp, Jacobi
o ) 1 ) Jd E/apl 5
, , 0.1 s, aF,/dp; o



J‘CMK

2007 25
oF _ G |y ow;
ap; At ('Jp,
s Winy Woyt N

apl>0 5

Bpi Gp,
dF, c ‘ ‘
a;= >0
ap, z apt
aF/ap; j i
oF; _ dw; _ dw;
’ == = = ’ apz>0 ’
dp;  dp;  Ip;
ow,>0, 9Eco; , Oh . dw .
p; dp;  9p,
oy ap,>0, Mwe<0, aE <0, ,
apj ]
awl‘i
aij:_‘ aPi ‘ °
2) .
, 95%~98% |,
3) ‘ awij/apj ‘ = ‘ awji/apj ‘ (
w=CNp(Pip;) s === ‘ AWT‘ ),
4) . C/At #0, i
, a;> 2 ‘aji
J
5 CL/At =0 ’
1.5
: 500~600
o (Bi—Factorization)
. 20 60 Zollenkopf

-5

0w;,<0 , 0w, >0,

( 230 )

z 0wy, 2 Wy )

7 Op: 7 Op:

’ L ’

awin <0’ au}oul >OO

-
eview
S & it
Newton—Raphson ,
Jacobi e
(11) ,
KL o
1+1
] |l P —(wy;,—w,,, ) ]
pH =p,+ As (12)
k+1 k C awl awz
et
At ap
a2 Wi, Wy o
W=V pa—p W=V p—pp
7pA’ pB o
ow, B 1 dw, a 1
P 2Vpsp P 2\Vpps
Lp +M,p,+M,p
o At P wymwy, (13)
Lad C M,+M,
M, +M
At
’MA: 1 7M = 1 o
Vpipu Vpu-ps
, , 1
, 2
, 1 (P paspy) , 2
2 ,
L “+M,p,+Myp,
+1 _ At 14
pk+l_ C ( )
AT+MA +M,
0
, (12)
ap



] Jem K —

Papers on System Simulation
Science & Technology Review 2007 Vol. 25 No. 8 (Sum No. 230)

(13) 20 ,
5 2
K]A ’
-1
1+1 1+1 28F1 28F1 28Fl
Prgsa | [P 6]1)71 8113?2 3]11?” -Fi,
+1 1+1 0 Jd d
PICLI L0 ) T v -F
N T A
pr+l pr+1 2& 2 aFn 2 aFn Lk
n, k1 n, k ap ap2 ap,
,Jacobi )
, [4] o
3
3.1
ow _1 w
ow _ 2 o A 0, —0,
ap 2 Ap 2 v
aw/ap —®, ) 7
. : (  Mps
Apmin) ’ ’
3.2 7
« ” R . aW/ap :O )
CiZO N 2
, Jacobi
C[ o ’
: C ’
Jacobi o
4
1) Jacobi i
/ s

eview

I a(l, L) S

2) o

W,=D; (Pi—Pm') sPa ,D; o
(7

t+1 t
P, —P; t+1
C———= i ~Dipi—pa
A= 2y Dippd
t+1 t
P, —DP; =+
_Ci¥+ B
A sz”
D;
’ pi pai’

P=Pat

(References)
(1] : , .
[J]. , 1992, 4(4):13-18.
CAIl Ruizhong, ZHANG Li, XIE Maoging, et al. Modeling of
the real-time simulation of the fluid network[J]. Journal of
System Simulation, 1992, 4(4): 13-18.
[2] .
[D]. : , 1990.
MA Yinghui, Modular modeling method of the power plant
simulation and the fluid network algorithm [D]. Beijing:
Tsinghua University, 1990.
[3] ABB Company. THLF-Piping network modeling package
[M]. Finland: AFORA Press, 1988.
[4] , , .
[J1. , 1998, 19(2): 45-51.
WU Jing, ZENG Jianchao, SUN Guoji. Real -time
simulation of the single phase fluid network [J]. J Taiyuan
Univ Sci Tech, 1998, 19(2): 45-51.
[5] J-H- . [M].
. : , 1990.
FERGIGER J H. Numenical methods for engineering
application [M]. PAN Renxian, WANG Huifu, Trans.
Beijing: China Machine Press, 1990.
[6] ZOLLENKOPF K. Bi—Factorization: Basic computational
algorithm and programming techniques [M]/ Large
Sparse Sets of Linear Equations. USA: Academic Press,

1977: 75-986. (EHE R 4)



