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Development of adaptive control system using the Fuzzy

theory for Multi-dimensional thermal-hydraulic analysis code

Survey of fundamental functions

Toshiharu Muramatsu and Isamu Maekawa®*

Abstract

The adaptive control system using the Fuzzy theory has been developed ..
and implemented to the single-phase three-dimensional thermal-hydraulic
analysis code AQUA. The system controls automatically the user specified
values, like a time step size At and relaxation factor for matrix calcu-
lation using iterative solution into best ones in term of stability,
accuracy and cost during an execution of the code,

In control of a time step size At, the Fuzzy controller can give
better results in accuracy and cost compared with the case of user
specified value. For example, Total CPU time needed for a steady-state
calculation has been reduced by 2/3 times under the fully implicit
scheme. _

In control of relaxation factor w, the Fuzzy controller can give
better results in convergence and cost Compared with cases of user
specified value and theoretical value using eigenvalue of coefficient
matrix of a pressure equation.

From above results, It has confiremed that the adaptive control
system using the Fuzzy theory is efficient measure for best tuning

calculation using a multi-dimensional thermal-hydraulic analysis code.

* Reactor Engineering Section, Safety Engineering Division, OEC, PNC,
(Concurrently, Frontier Research Gr, Engineering Development Division)

** Reactor Engineering Section, Safety Engineering Division, OEC, PNC
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(Ocone) TH Y, TOMEH1LTTHAUSNAKE R EBEL TOB EVHHEEITE -
TW3,

DEBSTEILHR T VRADF = v 7 & & biT, SRR ORKER 7 » 7 TOMENLEH
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(0, 1) 2BRAE LTHE Lo TD5HD Fuzzy B ER, BV —ViiiRED 5 @3
BLT,
LA : Large
ML : Midium Large
MM : Midium
SM : Small Midium
SM : Small
Thde THOLD AV N—Y 9 7% Fig.3.6 ~Fig 3.10ILRT TNHLDAV/N=V T
BA%L b 15 BB s Rl W ol s & U TR B LT,

3.1.2  WEBEG)CIEY 5 Fuzzy 28 & HIEL— 1
(3.1) RNTEHFHSI N7 49" LULHURIE & OGR!, FHIER Ltk W THEXMZE 4 6"H3E
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4~Fig.4.6 KRdo TTTH, 3BOBENL— VTR, MEFK e 2REDEE LT DY
&, MEEK 2B DELET 56, ERK e 20X VEETH5EDOMIER L L TERRL,
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(8pax/Scony is Large)
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Fig. 3.7 Member Ship Function for RDTIME Setting under MICE Scheme (2)
(RDTIME is Small Midium)
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Fig. 3.8 Member Ship Function for RDTIME Setting under MICE Scheme (3)
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Fig. 3.9 Member Ship Function for RDTIME Setting under MICE Scheme (4)
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z (a) Aspect Ratio =1 : 1

(b) Aspect Ratio =4 : 1

Fig. 3.16 Mesh Arrangement for Evaluation of The Fuzzy Controller
on Steady-State Problem with MICE Scheme



— Lg i

AR EIEEEIEEEEEAEEEANESSENEESSEEESETEEER EXEXITTARERTEE
EE L -
=nx TIHIS DATA 1S FOR THE CHECK OF FUZZY CONTROLLER =z
e %
xxx VITH M-ICE SCHEME =
=XE xx
3% --- ASPECT RATID = 1 : 1 --- =N
Twn =x

I NI I I IR E IR IR IR I A EEE IR IS ESSAEEENSNSENER

EE . Lid
=xw DATE : JUN. 29, *87 Ex
EEE E § 3

IR IR IR NN NI IR F NN RN NS R RN NENTNEERENEN
AGEODM ITURKE=20, IFPCG= 5,
IGEOM= 0, NL1= 500, MM1= 200, ISYMCH=2, IFITEN=2,
LFRES=1, 1MAX=20, JHAX=1, KHAX=10, HNSURF= &,
DXx=20=0.050 »0¥=0.100000, DZ=10%0.050,
YNORHL= 1. ,-1. , 0. , 0. , 0. , 0. ,
YNORHL= 0. , 0. , 0. . 0. , 1. ,-1. ,
INDRML= 0. , 0. , 1. ,-1. , 0. , 0. ,

EEND

REG -1. 1 1 1 1 1 10 1
REG -1. 20 20 1 1 1 10 2
REG -1. 1 20 1 1 1 1 3
REG -1. 1 20 1 1 10 10 4
REG -1. 1 20 1 1 1 10 5
REG -1. 1 20 1 1 1 10 6
END

LDATA IFENER= O,NIHCON= -1,NTHAX= 20,D7=1.0
IDTIME=-1,RDTIME=0.8,
1FHHOD=2,
1FHEN=0,
IFMTB=1,
10ISP=1,
CINK1=3.300E-03,
CINE1=1.619E-C7,
CINK2=3.300E-03,
CINE2=1.619E-02,
KeiTEP=2,0v0IN=1,0E-01,
1T=1,%,TRESI~13.,
KFLNv= 1. -2, 1, ‘' -3, -3,
KTEMP= 1, 400, 400, 4rJ, 400, 400,
TEMPO= 20.,GRAVI= -5.807 ,
TENP(1)=20.,VELOC(1)=].50000,
NTPRNT= -9999,
HTHPR =01201,03201,05201,17201,09201,14201,20201,21201,

LEND

END

uL 0.50000 1 20 1 1 1 10

END

(a)

R EE SRR IR IR T R I N I E NI NSNS E IS EEENAEEEEAENENER

azx =z
xxx THIS DATA IS FOR THE CHECK OF FUZZIY CONTROLLER bid
11 zz
=pe WITH M-1CE SCHEME s
TEE t : 3
beinon 3 --- ASPECY RATIOD = 4 = 1 --- ==
zam =

IR NI E NN NI NI NI EEFFEINIEEYEXFEEEENENNES

EEER =
Exx DATE : JUN. 24, °B7 =
®EW =%

ARSI SN RSN I NI ENENIEIESEITINETNIANEEETLE
LGEOH ITURKE=20, LFPLG= 5,

IGEOM= 0, NL1= 500, NM1= 200, ISYMCH=2, IFITEN=2,

IFRES=1, IMAX=10, JHAX=1, KMAX=20, HSURF= 6,

DXx=10=0.100 ,0Y=0.100000, DZ=20%0.025,

XNORML= 1. ,-1. , 0. , 0. , 0. , 0.,

YKORML= 0, , 0. , 0. , 0. , 1. ,-1. ,

IKOAML= 0. , 0. , 1. ,-1. , 0. , O. ,

LEND

REG -1. } 1 1 1 1 20 1
REG -1. 10 10 1 1 1 0 2
REG -1. 1 10 1 1 1 1 3
REG -1. 1 10 1 1 20 20 &
REG -1. 1 10 1 1 1 20 5
REG -1. 1 10 1 1 1 20 &6
END

ZDATA IFEMER= O,NTHCOH= -1,MTHAX=9999,D7=1.0
IDTIME= 1,RDTIME=0.6,
[FHHO=2,
IFHEN=0,
LFMTB=1,
1oise=1,
CINK1=3.300E-03,
CINE1=1.619E-02,
CINK2=3.300E-03,
CINE2=1.619E-02,
KEITER=1,HYDIN=1.0E-01,
IT=1,1,TREST=15.,
KFLOV= 1. -2, 1, 1, -3, -3,
KTEMP= 1, 400, 400, 400, 400, 400,
TEWPO= 20.,GRAVZ= -9.807 ,
TEMPL1)=20.,VELOC(1)=0.50000,
NTPRNT= -9999,
NTHPR =01201,03201,05201,17201,09201,14201,20201,21201,

EEND

END

uL 0.50000 1 10 1 1 1 20

END

(b)

Fig. 3.17 Input Data for Steady-State Problem with MICE Scheme
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Fig. 3.18 Comparison of Concergency of (AU/U) under Steady-
State Problem (a) with MICE Scheme
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Fig. 3.19 Comparison of Concergency of (AW/W) under Steady-
State Problem (a) with MICE Scheme
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Fig. 3.20 Comparison of Concergency of (Ak/k) under Steady-
State Problem (a) with MICE Scheme
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Fig. 3.21 Comparison of Concergency of (Ae/e) under Steady-
State Problem (a) with MICE Scheme
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Fig. 3.23 Comparison of Concergency of (AU/U) under Steady-
State Problem (b) with MICE Scheme
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Fig. 3.24 Comparison of Concergency of (AW/W) under Steady-
State Problem (b) with MICE Scheme
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Fig. 3.25 Comparison of Concergency of (Ak/k) under Steady-
State Problem (b) with MICE Scheme
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Fig. 3.26 Comparison of Concergency of (Ae/e) under Steady-
State Problem (b) with MICE Scheme
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Fig. 3.29 Velocity and Temperature Transient
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000 0 0330000 000NN o
x TEST OF AQUA WITH FUZZY CONTROLLER *
AN AR NN AN RN AN A AN NN
LGEOM [GEOM=-1, NL1=150, NM1=297,1SYMCH=3,IFLTEN=3, [FREB=594,
IFRES=1, LMAX=10, JMAX=1, KMAX=22, NSURF=10,
0X=19%x0,025 ,0Y=6.283185, DI=22%0,025,
ANORML= 1. ,O0. ,-1. ,=1. ,0. ,0. ,-1. ,1. , 1., Q.,
YNORML= 0. ,0. ,0. ,0. ,0. ,0.,0. ,0. , 0., O.,
INORML= 0. 221 ,0. +0. 1. 21 , 0. +0. s 0., -1.,
ITURKE=20,1FPCG=5,
SEND
REG -1. 5 5
REG -1, 1 4
REG -1. 19 19
REG -1. 4 4
REG -1. 18 18
REG -1. 19 19
REG -1. 5 19
REG -1. 1 2
REG 81.93 -4 3 3
REG 68.01 -4 4 4
REG -1. 16 16
REG -1. 16 16
REG -1. 17 17
REG -1. 17 17
REG -1. 1 1
REG -1. 5 18
END
&DATA IFENER=0 ,NTHCON=-1,NTHAX= 9999,
IDTIME= O,
DT=1.0,
RDTIME=0.5,
EPSRD=0.0,
1FMMO=2
IFHEN=0
IFNTB=1
101SP=1
ITMAXP= 500,1T=1,1,TREST=5, ,NTSHRY=1,
CINK1=1,E-3,CINE1=700.,CINK2=1.E-6,CINE2=1,E10,KEITER=1,
HYDIN=1,E10,
KFLOW= 1, 1.; I,p '5; 1; 1. 1, 1, -3, -3,
KTEMP= 400, 400, 400, 400, 400, 1,400,400,400,400,
TEHPO= 62.,GRAVZ= -9,807 ,TEMP(6)=62.,VELOC(6)=0.7003
NREBRT=3,
NREBM = 16, 240, 40,
NREBX = 2, 2, 1,
1REBLT= 50,
NTPRNT= -9999,
ISTPR =6201,
NTHPR =1201,3201,5201,8201,59201,14201,20201,217201,

&END
REBM 1 1
REBX 1 4 4
REBM 2 5 16
REBX 2 16 16

3
3

L]
- ek W NN WS

- -
Lo L L G b b ok B B B e W BN

i S S S S T S e S Y
-
r-3

e i
(=T - R - I - - VR P S

22 22

[

4 !
i
22
12
22
3

REBM 17 18
REBX 18 18
END

END

AL . 0.8345

ALZ 0.8345

ALX 0.8621

AL 0.4048

ALZ 0.4948

AL 0.9291

ALZ 0.9291

ALX 0.7931

uL 0.0t

WL o 0.01

END

b gk b b b b
e
R P R P P

s B B B P D W W
OO R D DWW
ek ek ek ek ek ek e ek e
i e
e L R
RN WE O R W

— .
Moo

Fig. 3.30 Input Data for Steady-State Run with MICE Scheme
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AR AN AN A AN AN AN RN AN KA NN
. TEST OF AGUA WITH FUZZY CONTRULLER .
N0 0N R N0 O R
LGEOM LFRES=3,
LEND
&DATA IFENER=1,NTMAX=3000,DT(1)=,1, TSTART=0.,
1STATE=2,ITKBUG= ©0,ITIBUG= O,
C3E=0.70, °
IT=10,KFLOW(6)=101,KTEMP(6) =102,
TvAL=0.,2.,2.,3.,3.,10.,10.,300.,
0.,1.,1.,2.,2.,3.,3.,6,,6.,30.,30.,300.,
FVAL=1.,.639,.639,.569,.569,.24,.24,,24,
1.,.40645,.40645,.2258,,2258,.1774,.1774,
.16129,.16129,.15484,.15484, .15484,
NEND=8,12,
NTPRNT=-9999,
NTHPR =01201, 03201, 05201, 14201, 21201, 20201,
NTPLOT=-9999,
&END
END
END

Fig. 3.31 Input Data for Transient Run with MICE Scheme
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Fig. 3.32 Transition of Convergency of Mass
Balance under Transient Problem with
MICE Scheme
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RDTIME : Small

1-0 ‘\
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RDTIME 2 20¢2

ug = 5.0x10"2
of = 1000.0 for x < uf

[

0.05 for x > uf

Fig. 3.34 Member Ship Function for RDTIME Setting under Steady-State

Run with SIMPLEST Scheme (1) (RDTIME is Small)

0€T-L8 OTV6NL ONd



RDTIME : Small Midium
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o \.\
[ ]
®
0.5} °
[ ]
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. ] ) ,
10-2 1071 100 10! 102
(x~ng)?2
RDTIME G(x) = exp {- bl
ZUEZ
ug = 2.5x1071
of = 0.15 for x < uf

Run with SIMPLEST Scheme (2) (RDTIME is Small Midium)

0.30 for x > uf

Fig. 3.35 Member Ship Function for RDTIME Setting under Steady-State
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RDTIME : Midium
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Fig. 3.36 Member Ship Function for RDTIME Setting under Steady-State
Run with SIMPLEST Scheme (3) (RDTIME is Midium)
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RDTIME : Midium Large
1.0 /=\
L ]
0.5 o
L ]
]
0/
0 | | l =
1072 10-1 100 10! 102
(K‘Uszl
G(x) = exp { - ———
RDTIME P{ 2662 |
ug = 5.0x100
Gf = 2.5 for x < uf

Fig. 3.37 Member Ship Function for RDTIME Setting under Steady-State
Run with SIMPLEST Scheme (4) (RDTIME is Midium Large)
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EE TR SRR SRR RS2 R ER RS EEE RR SRR R e E Rttt s i it b iRttt

EEE e
Axx THIS DATA 1S FOR THE CHECK OF FUZZY CONTROLLER xx
EE T m
LT 1 WITH SIMPLEST SCHEME ax
ANE tE
o . L L
AMEMEXE AR AR KRN RN RN NN AN RN AR MM E AL AKX
L 3] X
xnx DATE : JUL. 08, '87 xx
LT X

30020000 N ONC N0 000 00306 00 0 00 000 N0 DN K 00 OO NN D000 OO0 N0 N R D0 RN RO N
LGEOM ITURKE=20, IFPCG= 5,

IGEOM= 0, NL1=1000, NM1= 400, LSYHMCH=3, LFITEN=3,

IFRES=1, [MAX=20, JMAX=1, KMAX=20, MNSURF= 8,

DX=20%0.050 ,DY=0,100000, DZ=20x0,050,

XNORML= 0. , 0. , 0., , 1. ,-1s ,-1¢ , 0. , 0. ,

YNORML= 0. , 0. » O, , 0. , 0. , O, , 1, ,-1. ,

INDRML= 1. , 1s 1'1- s 0., , 0. , 0, , 0., 0. ’

&END

REG -1. 1 10 1 1 1 1 1
REG -1. 11 20 1 3 At 1 2
REG -1. 1 20 1 1 20 20 3
REG -1. 1 1 1 1 1 20 4
REG -1. 10 10 1 1 1 10 5
REG -1. 20 20 1 1 1t 20 6
REG -1. 1 10 1 1 1 20 7
REG -1. 11 20 1 1 11 20 7
REG -1. 1 10 1 1 1 20 8
REG -1. 11 20 1 1 11 20 8
END

4DATA LFENER= O,NTHCON= -1,NTMAX= 500,07=0.100,
IDTIME=-1,RDTIME=0.8,
1FHMO=2,
[FMEN=0,
[FHTB=1,
IDISP=1,
CINK1=3.300E-03,
CINE1=1.619E-02,
CINK2=3.300E-03,
CINE2=1.619E-02,
KEITER=1,HYDIN=1.0E-01,
1T=1,1,TREST=15.,
KFLOW= 1., 1, 1, 1, 1, =2, *3, =3,
KTEMP= 400, 400, 400, 400, 400, 400, 400, 400,
TEMPO= 20.,GRAVZ= -9.807 ,
TEMP(1)=20.,VELOC(1)=0,50000,
NTPRNT= -9999,
NTHPR =01201,03201,17201,09201,14201,20201,21201,

! LEND

END

WL 0.00001 1 20 1 1 1 20

END

Fig. 3.46 Input Data for Steady-State Problem with SIMPLEST Scheme
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Fig. 3.47 Comparison of Concergency of (AU/U) under
Steady-State Problem
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Fig. 3.48 Comparison of Concergency of (AW/W) under
Steady-State Problem
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Fig. 3.49 Comparison of Concergency of (Ak/k) under
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Fig. 3.50 Comparison of Concergency of (Ae/e) under
Steady-State Problem
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Fig. 3.52 Mesh Arrangement for Evaluation of
The Fuzzy Controller on Transient
Problem with SIMPLEST Scheme
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Fig. 3.53 Velocity and Temperature Transient
at Inlet Boundary
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!*Xll‘lt‘!!iﬁtlll'!t!tlSl'l‘til!I!Zl!‘t‘Il8Il*tIlttt!!i!K!Illlt!tl.‘t!lll!!

EE 2 X
Axx THLS DATA IS8 FOR THE CHECK OF Fuzzy CONTROLLER xx
L3 E $
L WITH SIMPLEST SCHEME xx
XEX K
X n
***."“"‘*”‘““‘*‘xl‘t““"*“‘It“'t"“"‘.“‘*“""““"““",‘
xR xN
3 Y DATE : JUL. 16, ‘87 x
g 3 e

KR KKK R 000 300 30 00 0 003K K K
EGEOM ITURKE=20, IFPCG= 5,

IGEOM= 0, NL1=1000, NM1= 400, ISYMCH=3, IFITEN=3,

IFRES=1, 1MAX=20, JMAX=1, KMAX=20, NSURF= 8,

DX=20%0,025 .DY=0,100000, DZ=20%0.025,

XNORML= 0. , 0. , 0. , 1. ,-1. ,-1., , 0, , 0. ,

YNORML= 0. , 0. , 0. , 0. , 0. , 0. , 1, ,-1. ,

ZNOBHL= 1y o 1o mta 0 50 O 5006 500G 00 ’

REND
REG -1, 1 10 1 1 1 1 1
REG -1. 11 20 1 1t 11 11 2
REG -1. 1 20 t 1 20 20 3
REG -1. 1 1 1 1 1 2 4
REG -1, 10 10 1t 1 1 10 5
REG -1. 20 20 1 1 11 20 6
REG -1. 1 10 1 1 1 20 7
REG -1. 11 20 1 1 11 20 7
REG -1. 1t 10 1 1 1 20 8
REG -1, 11 20 1 1 11 20 8
IND
&DATA IFENER= 0,NTHCON= -1,NTMAX=5000,0T=1,000,
IDTIME= O, ROTIME=10.,
LFHMO=2,
IFMEN=0,
1FMTB=1,
IDISP=1,
CINK1=3.300E-03,
CINE1=1.619E-02,
CINK2=3.300E-03,
CINE2=1.619E-02,
KEITER=1,HYDIN=1.0E-01,
1T=1,1,TREST=15.,
KELOW= 1, 1, 1, 1, 1, -2, -3, -3,
KTEMP= 400, 400, 400, 400, 400, 400, 400, 400,
TEMPO= 20.,6RAVZ= -9,807 ,
TEMP(1)=20.,VELOC(1)=1.00000,
NTPRNT= -9999,
NTHPR =01201,03201,17201,09201,14201,20201,21201,
REND
END
WL 0.00001 1 20 1 1 1 20
END

Fig. 3.54 Input Data for Steady-State Run with SIMPLEST Scheme
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LR R R LSt b s R R P E PP Pt T AP T R I T ETIE RIS

XX xx
XX THIS DATA IS FOR THE CHECK OF FUZZY CONTROLLER xx
xx% 2%
E3 e WITH SIMPLEST SCHEME bt
xxx xx

0NN R N R K N NN AN AN

xmu xx
XX DATE ¢ JUL. 21, '87 xx
LS ¢ xx

200K O K0 KKK 000 R 3 0O 20 000 00 0 0 3K 033 0K 00K
&GEOM 1FRES=3, '

LEND

&DATA IFENER=1,NTMAX=9999, TSTART=0.,

TIMAX= 4,0,

IDTIME=-1,0T=0.001,RDTIME=0.1,

LOPTOM=0,0MEGA=1.50,

ISTATE=2,

IT= 99,KFLOW(1)=101,

TVAL=0.000,0.125, 0.125,0.250, 0.250,0.375, 0.375,0.500,
0.500,0.625, 0.625,0.750, 0.750,0.875, 0.875,1.000,
1.000,1.125, 1.125,1.250, 1.250,1.375, 1.375,1.500,
1.500,1.625, 1.625,1.750, 1.750,1.875, 1.875,2.000,

FVAL=1.000,1.190, 1.190,1.345, 1.345,1.440, 1.440,1.500,
1.500,1.440, 1.440,1.345, 1.345,1.190, 1.190,1.000,
1.000,0.810, 0.810,0.655, 0.655,0.560, 0.560,0.500,
0.500,0.560, 0.560,0.655, 0.655,0.810, 0.810,1.000,

NEKD=32,

TPRNT=1.0,2.0,3.0,4.0,

NTPRNT=-9999,

NTHPR =01201, 03201, 14201, 21201, 20201,

NTPLOT=-9999,

LEND
END
END

Fig. 3.55 Input Data for Transient Run with SIMPLEST Scheme
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20 : T T T T T T T T
o O : Fuzzy Control
[0 : At=0.250 sec.
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/A : At=0.010 sec.
Q
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15 = —
oh
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| | | | L ! ! L |
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Fig. 3.57 Comparison of Velocity Component W at Outlet
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Fig. 3.58 Comparison of CPU Time under Various Time Step Size
on Transient Problem with SIMPLEST Scheme
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Fig. 3.59 Transient of Relaxation Factor a for

Time Stepping under Transient Problem
with SIMPLEST Scheme
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Smax/Sconv is

: Midium Large

1-0 -
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\
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0 | | \\\: L
10™1 100 10! 102 103
(x-ug)?
Smax/Sconv Bp(k) = exp {' T 20g2
ug = 4.0
gf = 2.0 for x < uf

Fig. 4.2 Member Ship Function of Mass Balance Criteria for Relaxation
Factor (2) (8pax/Scony is Midium Large)

5.0 for x < ugf
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L0 6maxféconv : Large
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(x-ug)?
Smax/8conv hgtay = exp‘{- 202
pg = 2x10}
of = 5.0 for x < uf

I

Fig. 4.3 Member Ship Function of Mass Balance Criteria for Relaxation
Factor (3) (Spax/Sconv is Large)
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ASR : Good
1.0 -\ max

- ¥0T —

0 S N .

10-1 100 10! 102 103
(x-ug)?
he(x) = ex - —
Aagax £ E [ 20f2
ug = 100
of = 0.75 for x 2 pf

103 for x < ug

Fig. 4.7 Member Ship Function of Gradient of Mass Residual for Relaxation
Factor (1) (Aﬁﬁax is Good)
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10,

on Transient Problem with MICE Scheme

Fig. 4.9 Mesh Arrangement for Evaluation of The Fuzz
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EREEENEEEEEARENEEEEEIEEEEEEE I EEEREESEIFNESNENENENEREEEEEEEFFESEEASEEREERE

5= xx
zx IHLS DATA 1S FOR THE CHECK OF FUZIY COGHTROLLER zx
xZx3 =
a3z WLTH H-1CE SCHEHE =%
sxa ax
=a= --- SURVEY OF OPTIMAL OMEGA --- =
E: E ] ==

‘IlllIlilII-IIIIIIII‘lhlllllIIII‘IIllIt‘t‘II‘l‘l"ISIIIIIIIIIIIIHIIHIIII

zxx ==
Txx DATE : JUH. 25, ‘87 ==
ERE 2

"llllltlttl'ltl‘lll!ttll'lll'l!tltt‘!llllilllllllllllllill!llll!tilltll
KGIOM 1 TURKE-20, IFPCG= 5,

IGEUM= 0, ML1= 500, NWM1= 200, LISYMCu=2, IFITEN=2,

IFRES=1, IMAX=20, JMAX=1, KMAX=10, HNSURF= é,

DX=20=0.050 ,DY=0.100000, DZ=10%=0.050,

XNORML= 1. ,-1. , 0. , 0. , 0. , 0Q. ,

YHORML= O. , 0. , 0. , 0. , 1. ,-1. ,

INOHMWL= 0, , 0. , 1. ,~1. , 0. , Q. .,

LEND

REG -1. 1 1 1 i 1 10 1

RFG -1. 20 20 1 1 1 10 2

REG -1. 1 20 1 1 1 1 3

REG -1, 1 20 1 1 10 10 4

REG -1, 1 20 1 1 1 10 5

REG -1. 1 20 1 1 1 10 6

END

SDAIA  IFENER= O, NTUCUN= -1,HIHAX=9999,1STAIE=0,
b7=1.0,
IDiIHE= 1,.RDIIHE=0D.8,
LYHnD=2,
IFHEN-OD,
LFMIB-1,
1D1SP=1,
CINK1=3.300E-03,
CIRE1=1.619E-02,
CINK2=3.300E-03,
CINE2=1.619E-02,
KEITER=1,HYDIN=1.0E-01,
Ei=1,1,TREST=15.,
KFLOW= 1., -2, 1z i, -3. =3,
KTEMP= 1, 400, 400, 400, 400, 400,
TEHMPO= 20.,6GRAV2Z= -9.807 ,
TEMP(1)=20.,VLLOCC1)=0.50000,
HIPRHI=  -9999,
NINPR =01201,03201,05201,17201,09201,14201,20201,21201,

LEND

LKD

ui 0.50000 1 20 1 i 1 10

LND

Fig. 4.10 Input Data for Steady-State
Run with MICE Scheme

AEEEAEESESEFSEEEEESFEEEEISSEEANEEEERREEINIIEEREEESIEIIN RIS RERENEILEINNE

EXE z=x
szx 1HiS DATA 1S FOR THE CHECK OF FUZZY CONTROLIER =z
zax ==
= WITH M-ICE SCI'EME ==
iz ==
zxx -+- SURVEY OF OPTIMAL OHEGA - - ==
=xx =2

Illll!'llII!IIIIIIIII".lllﬂIIII‘IlllIllllt‘lll'l‘l"!‘!tit'-llllIII'I'l
EEE R
zrx DALE : JUN. 25, *87 xs
EEE =E
Llll'llt.‘llllIIIIJUIIllllllIlIII!‘ttlllllIll‘tt!tll!lllx-illatllilllxnj
LGLOM 1FRES=3,
TFPCG=0,
LEND
LDATA IFENER=0,NIMAX= 2, TSTARI=0.,
IDTIKE= 1,D1=0.1,RDTIME=0.5,
10PT0M=2,08EGA=1.50,
ISTATE=2,1IKBUG= 0,111BUG= O,
IT= 1,KFLOVWCT) =101,
1VAL=0.00,0.25 ,0.25,0.50 ,0.50,0.75 ,0.75,1.00,
1.00,\-22 ,1.25,1.50 ,1.50,1.75 ,1.75,2.00,
2.00,2.25 ,2.25,2.50 ,2.50,2.75 ,2.75,3.00,
3.00.3.25 ,3.25,3.50 ,3.50,3.75 ,3.75,4.00,
4.00,4.25 ,4.25,4.50 ,4.50,4.75 ,4.75,5.00,
5.00,5.25 ,5.25,5.50 ,5.50,5.%5 ,5.75,6.00,
6.00,6.25 ,6.25,6-50 ,6.50,6.75 ,6.75,7.00,
7.00,7.25 ,7.25,7.50 ,7.50,7.75 .7.75,8.00,
8.00,8.25 ,8.25,8.50 ,8.50,8.75 ,8.75,9.00,
9.00,9.25 ,9.25,9.50 ,9.50,9.75 ,9.75,10.0,
FVA1 -1.00,1.05 ,1.05,1.10 ,1.10,1.05 ,1.05,1.00
1.00,0.95 ,0.95,0.90 ,0.90,0.95 ,0.95,1.00
1.00,1.05 ,1.05,1.10 ,1.10,1.05% ,1.05,1.00
1.00,0.95 ,0.95,0.90 ,0.90,0.95 ,0.95,1.00
1.00,1.05 ,1.05,1.10 ,1.10,1.05 ,1.05,1.00 ,
1.00,0.95 ,0.95,0.90 ,0.90,0.95 ,0.95,1.00 ,
1.00,1.05 ,1.05,1.10 ,1.10,1.05 ,1.05,1.00 ,
1.00,0.95 ,0.95,0.90 ,0.90,0.95 ,0.95,1.00 ,
1.00,1.05 ,1.05,1.10 ,1.10,1.05 ,1.05,1.00 ,
1.00,0.95 ,0.95,0.90 ,0.90,0.95 ,0.95,1.00 ,
NEND=80,
NTPRHT=-9999,
NIUPR =01201, 03201, 14201, 21201, 20201,
NIPLOT=-9999,
ELEND

Ly

-

END
[ND

Fig. 4.11 Input Data for Transient
Run with MICE Scheme
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00NN 00O O N R OO O O A OO O O R NN O N

T T xx
XK THIS DATA IS FOR THE CHECK OF FUZZY CONTROLLER xx
KN E: ]
XX WITH H-ICE SCHEME AN
EE L] K
Tt x
AR N3 O 0K 0 O O KK OO O R
T L] =%
ITE DATE : JUL. 06, '87 xx
XX EE ]

Vltltsﬂtxtl!‘#x!tl!tllttti!1‘ttl!t!ItlttIlItltslillt!!sltxtll!tllt:l!t!!
%GEOM  ITURKE=20, IFPCG= O,
; IGEOM= 0, NL1= 500, NM1= 200, LSYMCH=2, LFITEN=2,
IFRES=1, [MAX=20, JMAX=1, KMAX=10, HNSURF= 6,
DX=20%0.050 ,DY=0,100000, DZ=10%0.050,
XNORML="1, <%, 5 0. 5°0: 5:0a 04
YNORML= 0. , 0. , 0. ,-0. , 1. ,-1. ,
INORML= 0. , 0. , 1. ,-1. , 0, , 0. ,

ZEND

REG -1. 1 1 1 1 1 10 1

REG -1. 20 20 1 1 1 10 2

REG -1. 1 20 1 1 1 1 3

REG -1. 1 20 1 1 10 10 4

REG -1. 1 20 1 1 1 10 5

REG -1. 1 20 1 1 1 10 6

END

XDATA [FENER= O,NTHCON= -1,NTMAX=9999,[STATE=0,
07=1.0,
IDTIME=-1,RDTIME=0.8,
I0PTOM= 1,0MEGA=1.5,
IFMMO=2,
IFMEN=0,
LFMTB=1,
IDISP=1,
CINK1=3.300E-03,
CINE1=1.619E-02,
CINK2=3.300E-03,
CINE2=1.619E-02,
KEITER=1,HYDIN=1,0E-01,
{T=1,1,TREST=15.,
KFLOW= 1, -2, b 1; -3, =3,
KTEMP= 1, 400, 400, 400, 400, 400,
TEMPO= 20.,GRAVZ= -9.807 ,
TEMP(1)=20.,VELDC(1)=0.,50000,
NTPRNT= -9999,
NTHPR =01201,03201,05201,17201,09201,14201,20201,21201,

LEND

END

L 0.50000 1 20 1 1 1 10

END

Fig. 4.13 Input Data for Steady-State Problem with MICE Scheme
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Fig. 4.14 Transition of Relaxation Factor w under Transient Problem

with MICE Scheme
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Fig. 4.15 Transition of Pressure Iteration Number under Transient Problem
with MICE Scheme
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Fig. 4.16 Transition of Convergency of Mass
Balance
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Fig. 4.17 Transition of Relaxation Factor w on One Time Step Process(#1) under
Transition Problem with MICE Scheme
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~ © : Fuzzy Control
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Defined by Eigen-Value
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Fig. 4.18 Comparison of Convergency of Mass Residual
on One Time Step Process (#1) under
Transient Problem with MICE Scheme
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Fig. 4.19 Transition of Relaxation Factor w under Steady-State Problem
with MICE Scheme
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Fig. 4.20 Transition of Convergency of Mass
Balance under Steady-State Problem
with MICE Scheme
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%
= O : Fuzzy Control
A : Optimum Value
Defined by Eigen-Value
0O : 1.5 Fixed (Default)
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Fig. 4.21 Comparison of Concergency of (AU/U)
under Steady-State Problem with
MICE Scheme
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Fig. 4.22 Comparison of Concergency of (AW/W)
under Steady-State Problem with
MICE Scheme
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Fig. 4.23 Comparison of Concergency of (Ak/k)
under Steady-State Problem with

MICE Scheme
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‘ltllﬂllt‘!IIKIIII'Slllll!tlttl‘ltil’llﬂ!!l‘8lll!Rl“‘t!tt!!t!ltlt!!!“‘

TY xx
xxx THIS DATA 1S FOR THE AQUA SAMPLE RUN =
LEF in
N WITH M-1CE SCHEME k%
T =
T L] - THE THERMAL CAVITY FLOW WITH HEATING - X
xEx x
LEEE LR SR R Rt Rt I ™™™
* % K
xEx DATE : JUL. O7, ’87 xx
K x

!ﬂk*!ﬁ‘*ﬂ“ﬁ**t!*ﬂﬂ“lIS‘R*l"“t"*“‘x‘*‘ﬂ“"‘S““*'l‘.‘t‘!!!‘*!“ﬂl
YGEOM ITURKE= 0, LFPCG= 0,

[GEOM= D, NL1=1500, NM1= 625, ISYMCH=2, IFITEN=2,

IFRES=1, [MAX=25, JMAX=1, KMAX=25, NSURF= 7,

DX=0.0050, 2x0.0084, 0.0109, 0.0117, 0.0134, 2%0,0151,
0.,0167, 7=0.0184, 0.0167, 2=0.0151, 0.0134, 0.0117,
0.0109, 2%0.0084, 0,0050,

DY=0.100000,

DZ=0.0050, 2x0,0084, 0.0109, 0.0117, 0.0134, 2x0.0151,
0.0167, 7=0.0184, 0.0167, 2x0,0151, 0.0134, 0.0117,
0.0109, 2%0.0084, 0,0050,

XNORHL= 1. ,-1, ,-1. , 0, , 0. , 0. , 0. ,

YNORML="0, , 0. , 0. , Du p 00 5 1 4514 5

INDRML= 0. , 0. , 0. , 1. ,-1, , 0. s 0.,

&END
REG -1, 1 1 1 1 1 25 1
REG -1, 25 25 1 1 1 13 2
REG =1. 25 25 1 1 14 25 3
REG -1. 1. 25 1 1 1 1 4
REG -1. 1 25 1 1 25 25 5
REG -1. 1 25 1 1 1 25 6
REG -1. 1. 25 1 1 1 25 7
END
&DATA IFENER=1 ,NTHCON=-1,NTMAX= 50,I0TIME=0,0T=0.1,
ipisp=1,
[FMMO=2,
IFMEN=0,
EPS1=1,0E-07,0C0NV2=-1.0,
IOPTOM= 1,0MEGA=1.5,1THAXP=500,
LFPROP=1,
FCOH=0.27697E6, FC1H=1014.0,
FCORO=1.85048, FC1RD=-0.00248,
FCOK=0.07627, FC1k=0.0,
FCOMU=5,266E-5, FC1MU=0.0,
FCTLO= 20.0, FCTH1=100.0,
IT=1,1,TREST=15.,
KFLOW= 1, 1, 1; 1, 1, -3, '3I
KTEMP=400,400,200,400,400,400,400,
TEMPO= 20.00,GRAVZ= -9,807 ,
NTPRNT= -9999,
NTHPR =01201,03201,05201,17201,09201,
SEND
QBN -100.00 25 25 1 1 14 25
END
utL 0.00001 1 25 1 1 1. 25
Qsou 100.000 1 S 1 1 1 ]
END

Fig. 4.26 Input Data for Natural Circulation Problem
with MICE Scheme (Fine)
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Fig. 4.29 Transition of Convergency of Mass
Balance under Natural Circulation
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(#1) under Natural Circulation
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0200000000 DO 0 NN I NN N OO 000000 NN OO N

EE K
I L THLIS DATA 1S FOR THE AQUA SAMPLE RUN x
L k] e
xKK WITH M-1CE SCHEME X
LE T L1
LT - THE THERMAL CAVITY FLOW WITH-HEATING - xn
EE S EE]
EEEKAR K AL R LA AN NN NN AN N R AN NN NN
KX xx
T L DATE : JUL. 08, ’87 L

L3 3]

K0S 0 00K K K K O O M M K K M N

&GEOM  ITURKE= 0, IFPCG= O,
IGEOM= 0, NL1=1500, NM1= 625, LSYMCH=2, IFITEN=2,
IFRES=1, IMAX=10, JMAX=1, KMAX=10, NSURF= 7,
DX=10%0,03381997, .
DY=0.100000,
D2210%0.03381997,
YHORML=: 15 pmdis snfs 5 O 2 0% 4 05 & 0% 5
YNORML= 0. , 0, , 0. , 0. , 0. , 1. ,-1. ,
INORML=30% 0% 4 0s 1 T smdar 5 O 5 04 5
ZEND
REG -1. 1 1 1 1 t 10 1
REG -1. 10 10 1 1t 1 5 2
REG -1. 10 10 1 1 6 10 3
REG -1. 1 10 1 1 1 1t 4
REG -1. 1 10 1 1 10 10 5
REG -1. 1 10 1t 1 1 10 &6
REG -1. 1 10 1 1 1 10 7
END
SOATA IFENER=1 ,NTHCON=-1,NTMAX= 50,IDTIME=0,0T=0.1,
1D18P=1,
1FMMO=2,
IFMEN=0,
EPS1=1,0E-07,DCONV2=-1.0,
I0PTOM= 1,0MEGA=1.1, ITHAXP=500,
1TIBUG=0,
IFPROP=1,
FCOH=0.27697E6, FC1H=1014.0,
FCORD=1.85048, FC1R0=-0.00248,
FCOK=0.07627, FC1K=0.0,
FCOMU=5.266E-5, FC1MU=0.0,

FCTLO= 20.0,

FCTHI=100.0,

IT=1,1,TREST=15.,
KFLOW= 1, 1, 1, {, 1, -3, -3,
KTEMP=400,400,200,400,400,400,400,

TEMPO= 20.00,GRAVZ= -9.807 ,
NTPRNT= -9999,
NTHPR =01201,03201,05201,17201,09201,
SEND
@8N -100.00 10 10 1 1 & 10
END
UL 0.00001 1 10 1 1 1 10
asou 100.000 1t 1 1t 1 1 1
END

Fig. 4.33 Input Data for Natural Circulation Problem
with MICE Scheme (Coarse)
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Fig. 4.34 Transition of Relaxation Factor w under Natural Circulation Problem
with MICE Scheme (Coarse)
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Fig. 4.35 Transition of Pressure Iteration Number under Natural Circulation Problem
with MICE Scheme (Coarse)
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Fig. 4.36 Transition of Convergency of Mass
Balance under Natural Circulation
Problem with MICE Scheme (Coarse)
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O : Fuzzy Control
A : Optimum Value
Defined by Eigen-Value
0 : 1.5 Fixed (Default)
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Fig. 4.38 Comparison of Convergency of Mass

Residual on One Time Step Process
(#1) under Natural Circulation
Problem with MICE Scheme (Coarse)
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NN O RN R RN KRN RN

L L]
KK THLIS DATA 1S FOR THE CHECK OF FUZZY CONTROLLER xx
LEE ] L
XXM WITH SIMPLEST SCHEME xx
e E xx
xR --- STEADY-STATE RUN --- xx
LR S K
AR KKK MR KRN KN AN AN AN
E§ 3 xE
awx DATE : JUL. 28, ‘&7 xx
EE 3 K

000K K 0K KO K O O KM K KA KKK AN EMEAR
LGEOM ITURKE= 0, LFPCG= 0,

IGEOM= 0, NL1= 500, NM1= 200, ISYMCH=3, LFITEN=3,

IFRES=1, IMAX=20,. JMAX=1, KMAX=10, NSURF= 6,

0Xx=20%0.500 ,DY=0,100000, DZ=10%0,050,

XNORML= 1, ,-1. , 0. , 0. , 0. , 0. ,

YNORML= 0. , 0. , 0. , 0. , 1. ,-1. ,

IZNORML= 0. , 0. , 1. ,-1. , 0. , 0. ,

LEND

REG -1. 1 1 1 1 1 10 1
REG -1. 20 20 1 1 1 10 2
REG -1. 1 20 1 1 1 1 3
REG -1. 1 20 1 1 10 10 4
REG -1. 1 20 1 1 1 10 5
REG -1. 1 20 1 1 1 10 6
END

&DATA IFENER= O,NTHCON= -1,NTMAX=9999,DT=1,000,
IDTIME= 0,RDTIME=1.000,
IOPTOM=0,0MEGA=1.,8,

IFHMO=2,
IFMEN=0,
IFMTB=1,
IDISP=1,
CINK1=3.300E-03,
CINE1=1.619E-02,
CINK2=3.300E-03,
CINE2=1.619E-02,
KEITER=1,HYDLIN=1,0E-01,
IT= 1,TREST=15.,
KFLOW= 1, -2 1, 1, -3, -3,
KTEMP= 1, 400, 400, 400, 400, 400,
TEMPO= 20.,6RAVZ= -9.807 ,
TEMP(1)=20.,VELDC(1)=0.00100,
NTPRNT= -9999,
NTHPR =01201,03201,05201,17201,09201,14201,20201,21201,
LEND
END
uL 0.00100 1 20 1 1 1 10
END

Fig. 4.39 Input Data for Forced-Convection Problem with SIMPLEST Scheme
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= xx
aan THIS DATA IS FOR THE AQUA SAMPLE RUN nx
xxx ; xx
T WITH SIMPLEST SCHEME =
XX ) %
Rt R e R L LTI I I’ ™
LT X
LTS DATE ¢ JUL. 29, ‘87 L
X xx

KRR IR N 00 000 0 0 3 6 00636 30 00
LGEOM ITURKE= 0, [FPCG= 0,
LGEUM= 0, NL1=1500, NM1= 625, ISYMCH=3, IFITEN=3,
IFRES=1, [IMAX=25, JMAX=1, KMAX=25, NSURF= 6,
0DX=0.0050, 2x0.0084, 0.0109, 0.0117, 0.0134, 2x0.0151,
0.0167, 7*0.0184, 0.0167, 2x0,0151, 0.0134, 0.0117,
0.0109, 2x0.0084, 0.0050,
DY=0,100000,
0Z=0,0050, 2%0.0084, 0.0109, 0.0117, 0.0134, 2=0.0151,
0.0167, 7=0,0184, 0.0167, 2%0.0151, 0.0134, 0.0117,
0.0109, 2x0,0084, 0.0050,
XNORML= 1. ,-1. , 0. , 0.

0, 0.,

YNORML='0+ , Qi , 0. , 0. , Ys 1.
ZNORML= 0. , 0. , 1. ,-1. , 0., , 0. ,

LEND

REG -1. 1 1 1 1 1 25 1

REG -1. 25 25 1 1 1 25 2

REG -1. 1 25 1 1 1 1 3

REG -1. 1. 25 1 1 25 25 4

REG -1. 1 25 1 1 1 25 5

REG -1. 1 25 1 1 1 25 6

END

&DATA IFENER=1 ,NTHCON=-1,NTMAX=9999,IDTIME=0,DT=1.0,
10PTOM=0,0MEGA=1.5,
IDISP=1,
EPS1=1.0E-07,DCONV2=-1.0,
IFPROP=1,
FCOH=0.27697E6, FC1H=1014.0,
FCORO=1.85048, FC1R0=-0.00248,
FCOK=0.07627, FCik=0.0,
FCOMU=5.266E-5, FC1MU=0.0,
FCTLO= 20.0, FCTHL=100.0,
IT=1,1,TREST=15.,
KFLOW= 1, 1, 1, 1, =3 =3;
KTEMP= 1, 1,400,400,400,400,
TEMPO= 40.00,GRAVZ= -9.,807 ,
TEMPC 1)=40.0227500,
TEMPC 2)=39,9772500,
TEMP( 1)=40,0113750,
TEMP( 2)=39,9886250,
NTPRNT= -9999,
NTHPR =01201,03201,05201,17201,09201,
LEND

END

uL 0.00001 1 25 1 1 1 25

END

Fig. 4.44 Input Data for Natural Circulation Problem
with SIMPLEST Scheme
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O : Fuzzy Control
A ¢ Optimum Value
Defined by Eigen-Value
Oo: 1.5 Fixed (Default)
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Fig. 4.46 Comparison of Concergency of (AU/U) under

Natural Circulation Problem with SIMPLEST
Scheme
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= 0 : Fuzzy Control
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Fig. 4.47 Comparison of Concergency of (AW/W) under

Natural Circulation Problem with SIMPLEST
Scheme



- ¥l -~

w

Relaxation Factor

2.0

1.8

1.6

104

1,2

1.0

O : Fuzzy Control
A : Optimum Value

Defined by Eigen-Value

25 50

Iteration

Fig. 4.48 Transition of Relaxation Factor w on One Time Step
Natural Circulation Problem with SIMPLEST Scheme

Process(#1) under

100

0€T-L.8 OTV6NL ONd





