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Phenomena-Based Modeling Methodology Research of Complex System

MA Xu ,YANG Chen,ZHANG Yu-Ying
(School of Power Engineering, Chongqing University, Chongqging 400030, P. R. China)

Abstract; A phenomena-based modeling methodology was proposed and the coupling scheme of different scales was

given. Monomer to the solid oxide fuel cell ( SOFC) was divided into flow, heat transter and reaction-diffusion

phenomena. The folw and heat transter phenomena were simulated with CFD methodology and the reaction-diffusion

phenomena was simulated with Lattice Boltzmann methodology. The flow, heat transfer and reaction-diffusion

phenomena were coupled by a database.

Key words: complex system; multi-scale; phenomena — based modeling methodology

FAT, iR Tl R 2R R G0 T2 M s i
B FBORASME LSS B, 3B 28 48 10T Kt L g ¢
S, R A B, Tl e T R BIR R SR
ZEERA T DT RGN I RS, TR R
IR GRS B KBS H o, A ARG 4% A
B AT Ry BT I 23 22 ROBERRIE , B RE i &
GEI R R, A G B R A R R I R S
M TREIRRGRE—DIOEER, AR RS, X
XA AR RGBT, RGN E A
B JEME— DT T B ARG 5 0 HO7 ik 2
RCo TR, BNy 3t H s 28 e a7 (5 AR AL [ Py
SMITTER I AR GE AT vk (i ANk I J7 ik A
INHERRTT 155 ) E A REIREF L2 M S 2R R AT, 7 5

WA B £7:2007- 09- 22
A48 EHR A RE I T I H (50576106)

RH B SO L

L RZ EIARBR BARIAE T BB
FOUEBICHAH ELAE T, A BE i 34 1 46 Gl /N OB B0
LA AR AT S B At e IR SE B A T
WA BETATROR BARAS i A2, 1l 22 RUBE 2307 7 i
W] TEEATAE 22 ROBE S8 i — B SRR 2R AT fal 4k
M, A B AR TR B RO R (4 P A7 40, (ELE 9 K
BT R A A AEBILE] , 2 — oA 00 B 2 A L S
LT EME—R R FIM R IR RGN 2 RN,
EFRI T —MET RGN Tk, AR
SR B RS 5, 4 B 2% R AR 73 5 Z A
MIBA , LA JE ) 7720, AR MR RO T o &
T MRS RGBT A

YA WA IR (1983-) , 55 FE PRS0 AT T A BF 5005 1) D S BERE IR R G0 s M R CBR AR ) L 53 T ROR 2 303, 1

+4: R i, E-mail ; yxtyc@ cqu. edu. cn,,

(http://aks.cqu.edu.cn/)



62 FRKFFR

£31 %

1 R RIERE X

BACDUE R, LR — 115 SR W TE R i
b T R BB SN RIE SR . SCH X AR A B
G RGP R RRIAS AR Z (8], AR FNER 55 22 18] ) AH
HERR HEAE, RZ N UR” . BRARGEH
AN RUE A5 T B ZH B , 6 I 26 B % 11 4 3k i
P, IR Z AT IR M1

22 R ALFE 5 T8 85 5L — A e 2s []_Lfy, B
TERTA S22 R GAE 5 18] LR 7 i T A2 0, 1 ik
WU AW LR A5 5 — A2 ] _E Y, T
b A A PR R RN S A, AT 5 AT 2 PR
WA TEWT SR 2 R G R AT e i 7, 18 i
R AR et B R S R LA 2

FAT, TR RS EIE B A RS
HALRIE 2 RS, WAk a IE A A SR B A7 A
THAEPREIRRG, A B A R A
A SR A A RS, IR AR Bl ALl
it VHIE M SCIE R G BTN R NIX R A R G
R — Bk o s e, R AR ok 38— JBe Ay O R 3o 52
RARGHTIIE . MNARI SRR REE T, 18
SRR — BT 1) IR R G R
TAMEAERB A E T REM:2) BIRARSE
HA Z RIS 3) B8 R G — MO R4,
HEA A GBS AR 4) FE S S R, S35
PEATRSE BURERE ) MR B 28 He5) Bl AR
A BRI B

2 FETHRIEELEA

SCH R R A T IR AT R 2 A B A
JTEAE, B 5T B A 5 1 S U —
MERIHESE 1 il (A 2 6 5 i 1 B G O AL
FADEEEL . BRIE T KR AN AR R B AL
FIGA IR A R, S — A E B R IR 4R B
SRS T IR 25 o B D T
ARG, BERETE T AT AU R . AL
M AN R T B R A AR A (R ), A A 0 A6
BTG , RES KA R R R 58 5, JF H A gl A
e TR SR — R h R AR R T TR

11 SC AR 8 R 3 T B G R A 7 1 AR B 52
B R G 22 ROBEREAU, A2 25 W R b Al R F L
PAAE 7 2 (AN FAEEAUL AN CFD B4 |, 764 W RUEE
AR TTE UIKS F Boltzmann 53k, FEROWL U LAl
KUY T3 S5 B § 1555 J5 k. U NSE
AR A RE S, S AL BRASE TR REAR 47 ) i iR 2 2 R GE WY
TR, AT3AR SR A% G 1) i T AL B A5 1 1 i
REAYE CFD KDL ; LI R A 2 2 RG0S
REBLGRAT 18 R E A — 2 BRI I, >R RE B4

IRAMILBE A AN A2 1 D7 3 A LR B A%
Boltzmann J5 % O ROEE T (49735 80 ) 2 i
N5 55 Tk AR AR RS, 22
FOBEASADUN R el 3 A W] SE B Y LN, 73X
J7 T8, 4% 5~ Boltzmann J7 356 J2— MRAF A EERE .
AT 1R — > 2 SR 2R TR A 580 ok 52 B
AR RO G AR £, RN 1 B

HRAL
FEMRPE: L1 WHE2 e A& n

! t

BRISHEMRERSE

b l

AVREE . BKE1  HHE2 e A& n
L t—1
B R4 2 R BE B e
TORRNEE: BR1  BLE2 e L n

BOepER Fepinl

! t

B 1 RREREAA G E A4 R EE

BRI RGN SMER DL, HLHLE 7 A BLG Y I
Mo ARIRYBLG AT BE AR IR B9 HLEL ™ A, a0 - 23R
SHELG R Bl Al 23 2 A R, AT R B o
BRI AR 59, (H A AR A N = S J7 Rk 45
il 5 AR TR A9 BER AR AT m] RE iy AN [R) B9 LB 2 B
U AEA IR b, A AT by 5 84 X I A0 AR 5 3
P07 2= A AR 3 A7 A HLELR AN [R] A (H R R
A TR B . X TR, A R BLBE ™ A
AR BEG  Ji DR 2 ) 2 BN [R], S ARL A 19 1)
FEUH ] AR FHATLBRASE TR SR Mt ok, LR A AN [R] 1) 7 30
BBk AR A 2 8 Tk 15 %, AR AL
A=A TR I BLER, X R 22 [ R e h B
RAFAEARRE TR X, S8 G NG 0 K, J 5 3 X
ARG S 3 Fof B MR SR ] — b 55 2807 PR AR
B, XA AT LA DA () AL AR A () 30 42 64 ) AL
PR, X BRGFIAL B 4 73 B S5 T B G A5 07 7 1Y)
K,

3 JETHREBOTIEN—BPER

] 2 S TR M A R GER A HOE M
B, GRS, R TR I
RS ELARERE Y

(http://aks.cqu.edu.cn/)



% 14 L % ATARGERAGEES X 63
eq _f
SRR fi(x+e,At,t+At) =f(x,t) +fi (x,0) =fi(x,1) ,
] T
R NEL T (2)
i Hodr R f; WPFEAPRAS s 7 2R AT TE]
W p= /= >/ (3)
X#Eﬁ%%ﬁﬂﬁﬁﬂﬁ pu = Zeif; = Zeif;q’ (4)
Y i i
SRR AP b . _ 1, N R IR P
; 290—22(65 u)f; Zz<ei w)fi's
YIS (5)
EHRIARE — ! Hor. D R FEAS A A AER w2 5 0 R AR EL IR
b RS A
] N \ N N3 Sl 2
——— i o g B 2R S 0 A R B
Chapman-Enskog 773 il 2 ] JE I A, vl LIS 3]
W Ealer J5 2
P+ V(pu) =0, (6)
i((;t&)+V(p0+puu) =0, (7)

PUEREE STy

]
(UEEATY

B2 ATFTREGERF ZTH

4 K& Boltzmann J573:(LBM) {2 5 Rl
Hhrid il

}% -~ Boltzmann J5 1% (LBM) & —Fh 5L T-4) 11z
e Mgt e R ARk . 5 IR E
S5 RN FE Al AR GE T S AR ) 2% (CFD) Jr iR
[F], LBM 2L F ik A MBI ) 77 vk . S5t
AR S D7 A H, LBM B 14 2 Pl R (A A 3,
W ERCER G R F RS S B e 2T T
o HETBR T — M iR J) 27 [a) @ 45 21 1 1
D A, LBM € 276 Z A i 2 FLA B BT
KL SN B It A ) 2 R AR ) O 2 A ST A
TARK BRI .

#% T Boltzmann J5 15 & 1 McNamara F Zanetti
T 1988 AFE4 Y, iX PSR RS X S AN 2 A H
NN e N 2 N1 %Y A E NN R (ORI % A
F, BV A0 R LS8 53/ N AR o3 F- 3 AT . R
FH R 53 A1 BRBCR A RS 73 B 2L ( Lattice Gas
Automata, LGA) F 4G /RS
filx+eAt,t +At) =f,(x,t) +Q.(f(x,t)), (1)

Horbrof, B § 7 ) AR BE A A R e,
IR 0, (f(x,0) ) SRR, RN K E
WERE S f, MR Ab 3, SR S PR AL Rl 55+ 1) LBM
G EIVR (I

XTSRS, R LBM J7 ik, A |8
AR AEREAR I AR BT 20

000 = 0" (e + A, (8)

S
Q" == (D - £ wD),(9)
2 = R(p)/M, (10)

Fr(8) L (9) M (10) FRAK (L), M Z R
JEITHA AT AG 2 Z5 W S B4 HO)s

9 /
L =DV + R(p), (11)

Forp e MRS TR R R BE G DO TR BG R
(p) J& B4 i L o B B o 3, T 2y LA
P SR SE o

#% 5~ Boltzmann J5 i MFIA SIS 51341
AR T 2 A HORL 23 A7 pR RS I 3l il A A
P, AR 3 4 F15 A WU (4 5UkE 573 A
PRECT R LR (Y 5 T N REA HLIN 4 &
K, AL T ANRZIRZ SR LS, g g T A
(7 JZ BT 5 A T R, S B0 1 MA Y O RUBE 1 2 0L
RO R 8, LBM A WL R BE 9 L3 K38 AL 4
AU B ARl 3, A2 38 B S B B AE AR
AL, R A WL B A I3 1 AT ) 2% b R A 2
A S BN R L Y BEG r, AT XoF 52 B 22 RO A6
PR TR EEAER

LBM e T B 1A 7 3k P T, A B
FAE 22 ROZEASAY b (0 R FH T T ) TE B, S 2 R
JERAUBLIE 1 K

(http://aks.cqu.edu.cn/)



64 FTRKFFR

5 JETERIEET LR R

EARSE AL PR W ( Solid Oxide Fuel Cell, i
FR SOFC) , ifi F T KRB &AM & Tk H. SOFC
() CAFE B2 800 ~ 1 000 °C, A LA RAR T IAT
FRE L . SOFC [ AEA TAE IR HUE AR Fl s R4
A v I 1 RN, 3 913k 2 SOFC # FHAR AR o
WRRHESE A BRI ET S — 0 KRG, DMETE
SOFC i frEHE, EMAME, e 5K L AR
BN A SN PR AR R AR AR TE R
P AR IO A T 400 I 1 4R B (3 B L A ) | 2]
BFTERGENT , 8 i o 0 S8 s G % 2
PR b TERRR A B 5 R E AR RO, A
BUK o I A R (] B4R/ HA i o
S, e R, 77 AR F AR RN 3 R
T RN R

CH, + H,0 =3H, +CO (EREF)
CO +H,0 =H, +CO, CE )
H, +0*” =H,0 +2e (BH#%)
CO +0% =CO, +2e ( FHAR)
0.50, +2e=0"" (PR
SRRV A
CH, +2H,0 =4H, + CO,
€0 +0.50, =CO,
H, +0.50, =H,0
Rk B
A
HL T TOE Zel T
BB
=5 ECE S

—_—

A3 SOFC Z4f/R*

£ SOFC G — Xl 43 R i sh I 4 A% i f%
BTG A OGRS X SR AT #E &t kT
PG P 0 B In) R, AZ e i Rl LR 225k
i B R ORSHE R A A X R R S
Ty R AL PRI LA S AR IR A TR, X B 5 okt
T2 REZ A 3 — AN 2 YO Y, (2% T 2
JER Z [ R B B0 2 AP AE—E W IR, be A LR
JEE RS SR o] e 3 2O RUEE v, Rt , 7 AN
[] J2 R Z 1) A5 2 28 B AL At S A5 1) o, A% 1
Boltzmann J7 2% (LBM) gt REAR 4 b fifp R ixX — ] L

Xf SOFC R FJE T 34 i S 7 VA I BOR [ 2
(anl&l 4) , 7e 2 RS |-, SR CFD 58 B 40 i 3
DL ARIN G, R B N A 1 i Ak 2 B 4
G, T PR N S Z2 AL o, FEN BB A T 23 A A
HESE, IR A W REE E Y LBM SRS 2 1 4

%31 %
WS .
TR : BIRSIE B3 AR
CFD £ CFD %Y #
P
S
il
AVIE : AR ) €L 3
LBM £

1 _

S

B4 X SOFC AT Iy A b A3 8
PEhR B, SCHR A CFD T AL 4 2 SOFC
SR AR R S R UNIEL S - 10 Biw.

Max: 2.271
Surface: U

2 2
1.5
1.5
1
1
0.5
0 0.5
-0.5
235 24 24.5 25 25.5

0
Min: 0

26 26.5
A5 %X SOFC 7% HaH

U

TN
2 V4
y / \
=
05 f
0 \
02 04 06 08 12 14 16 18 2
Arc-length

B 6 & X SOFC ¥ # @ik EnH

K S By A 5 BE B R o0 A B AR B
— S, I AN [l B 7 B TR A ) 2 AL o
6 J & b kA oy A it 2, 50 0 i
(Poiseuille) JEh A 12—, AR B2 AU H
T Z AL B I B e A DL, T 7 S 4 BE T v
275 1) _E IR E A FLoy A S BUME RS AE AL,
A RE v gk 2 AT B 2 LA o R o S B o A A
—H

HIP 8 — 10 Al LA i 3 i sl 5 [a], 8 B it 1
AL I T R, b A A A BE A 2 A A
KA 2, I 8 45 BEA O Bl A B TR, 1 9

(http://aks.cqu.edu.cn/)



%14 L e, %

KA TR I RGBT & 65

0.08 '

0.07

0.06

0.05

=0.04

0.03

0.02

0.01

0 5 10 15 20 25 30 35 40 45 50
Arc-length

B 7 &KX SOFC & B b 4h X ik oA

Max: 1 152.908

£ yemi

20 1140

1120

1100

1080

1060

1040

1020

1 000

980

0 5 10 15 20 25 30 35 40 45 S0 . Coo0 67

B8 %X SOFC & E %o

t

1150+
1 140}

1130}

1120}

11101

0 5 10 15 20 25 30 35 40 45 50
x

B9 #X SOFC % B8 F 5
TIE A AR EE S s F T

6 K FIRINEET L Br

SR A2 T B 1 A7 DA PR 2 ) 22 RUBEASE
PSR B D, S 32 SRR LR BE 78 WKL ik
PR S o SR I3E T WLREE 1) LBM 452 T
& SOFC k=4 S B9 BB AR, M A T 58
W], LBM 75 SO ARl E 2 2B T AR K
Iy, B AR LBM ASAL Al 27 ) B 7 il TR 2 A T
AR . XF SOFC ZZWLRBE i sl M AR
>R CFD #ERY A, BUA (437 30 A% BB RLE A Y
AR, B2 AR AT o 22 ROZERALLT]

1150
1140
1130
1120F

1110

L ATy STLet atl LS SAAAes SLLS MALILt SAMls SAstal GAtaat H
0 5 10 15 20 25 30 35 40 45 50
x

B 10 4 X SOFC i#%id iR & 5 H

R AN [v] RUBEASRY 19 B Jlie— I E o B S g [
o ARl Sk 1 22 ROBE 8% T- 22 T3 ), B A 705 EL3%
S iR A T E R Bt R S5, BRI AS AT BeA7
TETE 7 AR TR A S B . SO X AR TR RUBE
R R I 3 285 0C R 88 12, DA S B AN RUBEASE
AU {E BB 1418 B H AR — A R B A

H R a5 07 L0 & R 452 D2 UL 2 A R
THOUL , B AAE S8 i T H S AL Bl ok 78 43 A T2 (ks K
RIZEE RGMIBL) B0 F PR . FERON
ST FATH A B D1 L DL R
I P A FRLE B AR UK R A S A I 5 LR 3
HEMEM . EUE R — RE B, 8 UG
T B BR  (BATY SR A AL — L ]

1) Jo e Y AR A2 [ i v (1% S [

2) MELARG IR 5T 2 I G2 v I A Joi ) 8

3) HHEHLEE ST A SRR 1 5

4) 5 AR o BT AEEAR 2 5

5) k= F 00 i A0 6 E 05 3 A SE B0 B0 5

6 ) IUA B2 ME LA Ny A DB 1 M e A5S R KA A
PEEIR

7)) THEEAUAE 1) 3 A AS 2R g R

22 ROBEASAULIE: fif R b 3 (B A R4y | 2 ik
— BRI . 22 ROBERCALTE B (] A 2 B RUBE B %)
S AR R, BN JZ R B AN TR 8 475 55 75
FB. MERRGRMNZ REREUAME R DERE
FIMG AT, M HAT R 22 R G m AL i AR
oA T RE. HATFE LREGUR , — S AEEE
ZITREL, 22 ROBEBLHL AT XX S S HGHE TR 2
REEBHUEAR R BRI B, ERAERARS
A IR TB, I, 5 2 R Fe X AR R
HEARM R EE,

7GR

R RGBT — B RGUR 2 A5 HaUs
HEEHIFEAA . SCHAR BT B i —R T B
GOVERETTIE P ITIEA R b 22 RO A 7 i 1

(http://aks.cqu.edu.cn/)



66 FIRRFFR % 31 %
HELEERITET, X sh I 2 f4G P £ % scale methodology for complex systems [ J]. Chemical

FIPUBEARTT 3, X 7 BEAR A& AR 14 R A 2 S B B
GRHIME T Boltzmann 773k, [A] iz J— 2 JR 2R 7
(RS P SRR AN ) RUBE OB TRL

K Lk :

(1] ZHit, ADC, $AEIE. BT Agent 1952 7 2 58 AL {1 L
JEWETEHE R [J]. 25 48 BR 2 Be 27 4l , 2003, 14
(1).78-82.

LUO PI, SI GUANG-YA, HU XIAO-FENG, et al. Review
of agent-based modeling and simulation in complex system
[J]. Journal of the Academy of Equipment Command &
Technology, 2003,14(1) ;78-82.

R, B 1 R T P 0 2 RUBE RO e s Ak BT
B [T]. A THERE,1999(5) « 11-13.

LI JING-HAI, GE WEIL. Multi-scale effect and discrete
element simulation in process industries [ J].
Engineering Progress, 1999(5) :11-13.

T RBIZU R EFE ] B8, 1) 52 2 RS i ——
Slafer kR HZ — [J]. AARRAEEE,2000,10
(8):693-697.

WANG KUI. Breakthrough levels, scale and time lea Pto

the approximation of complex systems

—
\S}
[

Chemical

[3

[

one of the
chemistry development trend [ J ]. Natural Science
Progress, 2000,10(8) :693-697.

[4] JIN HAI LI, JIAY UAN ZHANG, WEI GE, et al. Multi-

Engineering Science, 2004 (59) :1687-1700.

JERRY BIESZCZARD. A Framework for the Language and
Logical Computer — Aided Phenomena — Based Process
Modeling [ C] // The paper for doctor’ s degree. B. S.

Chemical

—
W
[

Engineering Connecticut,
Storrs,, 2000.
A A LINNINGER, S CHOWDHRY, V BAHL, et al. A

system approach to mathematical modeling of industrial

University  of

—
o)}
s

processes [ J]. Computers and Chemical Engineering,
2000(24) : 591-598.
[7] ANDREAS A. Linninger Recent Advances in process
System Engineering [ M ]. Budapest, Hungary:
Technology Conference, 2001.
BSPAC B . S AIE N R G S HET Agent (AR 5 {5
HO7 (1], RGN E2AH,2004,16(1) :113-117.
LIAO SHOU-YI, DAI JIN-HAL
Adaptive System and Agent — Based Modeling & Simulation
[J]. Journal of System Simulation, 2004 ,16(1) :113-117.
[9] S CHEN, S P DAWSON, G D DOOLEN, et al. Lattice
methods and their applications to reacting systems [ J].
Computers chem Engng, 1995,19(6) : 617-646.
[10] SWMESL, FBAEL, &9F, & W3l = ms 1
Boltzmann J5 #: [ M ]. & 3. ¥ Jb B 2 R H K
#t, 2002.

—
o]
[

Study on Complex

(it HBM)

NI IPNIPNIDIPNIDIDN NI IDNIPNID NI TP TPNID TN TPNIDIPNIDPNIDNTDNID DI IDNIP TP ~IDNIPIDNTDNID~IDNTNIDINTDIDN NI

(k4% 60 )

[U] 2N, B % 1R 5 30 B Y A o s B g Al fb B3 ik
[J]. BN ,2002,25(2) ; 158-164.

LI G, TONG F. An unsupervised discretization algorithm
based on mixture probabilistic model [ J]. Chinese Journal
of Computers, 2002, 25(2) ;. 158-164.

[2] STEPHEN D B. Detecting group differences: mining
contrast sets [ J]. Data Mining and Knowledge Discovery,
2001, (5): 213-246.

[3] STEPHEN D B. Multivariant discretization for set mining
[J]. Knowledge and Information Systems, 2001, (3):

491-512.

(4] W7, FEAE, AFARIE. JET5 B A RLRE S e 2w 1k
O kL] A L 4Rk, 2005, 28 (9):
1570-1574.

XIE H, CHENG H Z, NIU D X. Discretization of
continuous attributes in rough set theory based on
information entropy [ J].

2005, 28(9) : 1570-1574.

(5] E3%, RE, REKE. BHUEH—F8 KA RA %
[J]. LML, 2004, 24(8) : 41-43.

Chinese Journal of Computers,

WANG L H, WU Y, WU G F. Heuristic algorithm for
[T ].

discretization  lattice  searching
Applications, 2004, 24(8) . 41-43.

[6] NGUYEN H S, SKOWRON A. Quantization of real value
attributes: Second Annual Joint Conference on Information
Sciences ( JCIS” 95) [ C], Wrightsville Beach, North
Carolina, USA, 1995 .34-37.

(7] %Fie, E5E, BBEEMIS PR 58BN E L ERR
(). {54, 1999, 10(2) . 113-116.

MIAO D Q, WANG J. An information representation of the
concepts and operations in rough set theory [ J]. Journal of
Software, 1999, 10(2) . 113-116.

(8] Wkakzom, AHEME, 24505 JPVRDRS M L B2 J 3 B H 24
fai [J]. &g LR 5l 78 A&, 2004, 26 (8):
1112-1116.

GENG Z Q, ZHU Q X, LI F. Principle of granularity of
knowledge roughness and reduct computing [ J]. Systems

Engineering and Electronics, 2004, 26(8) : 1112-1116.

Computer

(B4 BHER)

(http://aks.cqu.edu.cn/)



	0811 61
	0811 62
	0811 63
	0811 64
	0811 65
	0811 66



