HWAHAK KONGHAK Vol. 29, No. 2, April, 1991, pp.211-221
(Journal of the Korean Institute of Chemical Engineers)

CH= 3eESdE SHR2AP| 7HY
L Al&HEe] e 7ie R A
0lZF - ®ely

Agdstw g st shatz-ata
(19904 949 22 A4, 19914 39 11 A=)

Development of General Purpose Dynamic Chemical Process Simulator
I. General Overview of the System and Simulation Strategy
Kang Ju Lee and En Sup Yoon

Dept. of Chem. Eng., College of Eng, Seoul National University
(Received 22 September 1990; accepted 11 March 1991)

2 ¢

HE st BARAC AR 29 72 JEAY, Y], Axas F4E AT HES
A18hed 22, SCI(Sequential Clustered Integration) & 7|22 2 3+ % 38 (prototype) ZA7]E 7Ratslgdct. SCI
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Abstract—A simulator structure, integration strategy, input language and simulation technique are presen-
ted in order to develop a general purpose chemical process dynamic simulator, and a SCI(Sequential Clus-
tered Integration)-based prototype simulator is implemented. The SCI is a general form of SMI(Sequential
Modular Integration) but has better performance than SMI and SEI(Simultaneous Equation Integration)
with respect to computational efficiency and flexibility of applications. The SCI approach is capable of introduc-
ing various mode of coupling of the process units, actually, from SMI to SEI within a single simulator structure.
Examples are presented to study the clustering criteria which have significant influence on the performance
of SCI and to illustrate the system performance.
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(switching) 3 2 w| A4 TH AF ol

sat3d FHAle 49 o 7 BAE @ A 49 5 Aok AIde FH AL o
Tk Y =70 Ha ok & FHY GAA Argel) diate] AAE dS2AE 3] H¥ £234A
(stability) 2 77+ =(sensitivity) 8“/‘—‘]04'17- Algkd A F21 % (training simulator) .2 7}4-8 wkm glow,
o] 2|5 A3 B HF AodF, 193 A A g HES Aad B3 2 AFAFT AA



212 017} -

B3 A w= o2 4= ALHE I
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Fig. 1. Schematic diagram of a plant with 5 units.
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2-1. 2A % HEHSRSC
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unit a || Jaa | Jea | O 0 0

unit b || Jab | Jov | O 0 0

unit ¢ 0 Jbe | Jee Jec

unitd| 0 0 | Jed | Jag

unit e 0 0] Jde Jee

Fig. 2. The pattern of Jacobian matrix J.
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500709 Y4mt sl 22 FA A
ehle A R4 off-diagonal 850 FAIH7] wdF
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ulg} otejel gk Recycleo] $le =AY FAolzt
Vine A3 clusterofA] EojAl Zro]2& o|n| %x
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Zn=[YeahYhn Dy@Ppn/2 100y 9 /q 1 17 (9

o] ¥ h=t,—t,-,°]3. g+ method order, D+= Pascal
triangle matrixe]t}.

Al (7)%& quasi-Newton Raphson ¥ o2 E 7%
ol 73S (8) Aol gste] pate}, A (7)o] 3 &

sl e AAHE sfof & 2de] XL BuA Dok
el sjel ofelsh 2-& Heko] & Aol A AHEahe SCI
wp ook,

yaals

1. 2 & cluster® #3422 dl&gc}(predictor).
2. dZ3& 7ML 7 BEol A di4] A4S gk
3. & clustere]] 3}
a. =& A AH(corrector) & &t} o] ] v corrector
ukEAlAbe] A1 dielc) TR g Al
gl

b. ukeF &zl 9 cluster’} $8e 3% A, F

S5tas M29H M2E 199144 4%

He sty dx LA el Asshd fa)
A7} horizonol| 41 &] RE clusterd] 4% 35S
Haska, HAg AEAE oA k] 1H &
Hog 7ich

4, RE cluster7} AT oz Aol zglod,
A7 7rAvich JEeE meste] Ho HE4E
Tk

dhte] clusters REWA A ] Eol sgsie
Mdelnz, Sg4el HEuHS A 5 9ok F,
z}zto] RE-EA o we} stiff == nonstiff A2yl o]
1}, implicit %=4= explict W& A} 88 4~ 9] & Zo|t}.
a3 Ao Alaslee} o] FUYT HPuhH-L
AHE-& 7 f-olli= 7t7he] clusters M2 ot E A E7HA
#} AEAFE M 4 Uk olHF A AR o
Al 7boll ETFY] E 418 A|o)3}7] $)5}o] coordinator7}
I 9 3}c} 13, 16].

A HAslz v WA BE clusterd E3}od
g arzie] H4E3Ad ARAed et o] o 3‘—]
A HEASE I e Jdsd 2o S
7t cluster7} A A o2 2 EEw Aol 2o} of

B whe Ak, & 2ol disle] oS A7kl 24
7453 A¥-74, h, hi-, h. & 7%} 2 E cluster7}
AEAela o HAEAS Ay HsiA, Zzhe
clustero| 4= 7} & hgh& A3t A2 M=
ol Tl 7H} 2k & A’ cluster?] hgtd
2 W) AEAeE AddsA "o 43 b wE
+5& Hol= clusterel] ofst FA & H¥7hAHo] FH-¢
H A9k, o] B} & ARE-7HA-E A’ clusters= explicit
Hefll oA SA Ao R FHol H  glonR A
£ I olrh Adukd oz WAl FA Y
M o)9t 28 nES AL 7@ 5 gk & oM
w2 $hd Bole IAe 55l A2 Jacobian
A4k F2vslAl "ok Guru $[5]2 A4 FA71Y
of| 4] o] e} 7H& v A EA-E 7N 413817) $)3ked Jacobian<]
FEA S =95rE R

2-2. Al2gel ¥

SCI Azkg AHgshe o 24 s3ted S48 E
Mslr] 1% Aladle] F2E AFsn FHs
2|28 By 9 wdEe FORTRAN 778 Ap&3}o]
T, A4t QEfdlo]~ Y= DECARS] DCL
<+ AMgshgih 1 R3-& DECARY] e =9
o]ql ReGISE A}4-3hsdch

Alzg] FEe glelA oed ZE F8 AAES
a3} & AARTRY A4 fA, A
B3 wEA, A4 Ha), AXE ST 7)gF4e
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CONV MIXED SHORT INFO UTIL

FRAC]| |[XFRAC IDUMMI DUMM
FLOW FLOW FLOW
TEMP| | FLow [| TEMP TEMP
PRES|| TEMP || PRES PRES
ENTH|| PRES |[ENTH ENTH
ENTR|| ENTH ||DUMM

VFRAQ | ENTR

DENS| [ VFRAC

AVGM | | DUMM [[:] VECTOR
DUMM DEFAULT » SHORT

Fig. 3. Stream classification.

Aef ot

2-2-1. k& FZ(Data structure)

o H-Ro] FTARAES gy boJeltRE F
3tk BE a3} A dlolelE A A3}r] $15td
23H%) = 2 o)Ak mAluld-g ARg-gic) AE 9
dole}7zE 44 olsl & 5 slod, Austr] PR,
Azg W 2EYS Yosteid nE 23S
FAslodo}l g} )T 7]|ES 7|-Y HYHFAA
wold}, ZAE oFE FAHN} Aot HAFAHE
98 AR &3] oF F7) §oH18, 191

B dAFoe olg} g Hell FEI] BE oo
72 E dxe AHAshe Plex dlolel72E A
gsigith o) FxE & A% s17] 913 bead storage2t
=3 dlojele #1315 FtEIIE EUERE FAF A
o}

2-2-1-1. ~E¥ A5F%(Stream data structure)

FA Yehe 2704 2 e ME o E SA4E
7HREe SU2s EHeld At 28 FE0lx
714 xE Ao}, RE AEYS shte] Fao|
%317 Hed], RAR o Al 2EH S FHAF
A a o} gc) Yurd o g B A e (material stream),
Ay Ae(informatoin stream), Fdzlg 2EH
(utility stream) 59] A 7}#] SN2 E 24 F ek
Fig. 3¢ &z} AHojso] Qle ~=7 FP2E veph
och RE9] keywordy Fol2 HAIER, E3
FRAC, XFRAC, YFRAC+ 77} bulk, 44, 7149 =
3-& Yehich

RE ~EYEL s} Y F~E sHAlch Fig
4ol 2 AETZE £43F o2 Jepisich AA Y
2e7 AHZEL stream beade] AAHIT I AE
o] EF(class)ol wpz} AAR G52 orle class
beadol] #%=]e] dck

—| class type

name NPARAM
stream | S"efm NPARAMS

vector
stream jL—.—. parameter

for D
strc.eam code
i
—+| class P

Stream vector Stream class
storage storage

Stream
pointer

Fig. 4. Stream data structure.

2-2-1-2. A AgF2(Equipment data structure)

7+ S 2AH D #EEHE ARES A
ALgzhe AXE AR LIS sHHle dAR
FE= o5 WolglFaye AEY dejerR
Sasjut zbzte) whe)gAe) A4bsid, A= e
2AFe] Ay B 2 F3he] A "tk I
g} 2Edd] AR Esh= v[ekd GES EF
(H92A) W A dieolelg A4 4% &
238 Bw, AHSA7E ARG F(HEHER), A
(B29ke] B4 o), & Ao AE o] FHeof
Qe HE(Ee), UE) 5& A5 dHolelod A3t
a3 % H9FAHeE Eoley W AERS
49} 2 2EYEY WISt 7k o7 At A
Alekgol AeERe 7Halck

2-2-1-3. 71} ®a} AlA89] ARTFE

A 22y 2w} FA AR o) FHEAES
913 e 79 BT} o] ojo} gk FAo
2] 7§19 cluster® F-EFHojo} 3tu 2 o] 5L 7|3}
T A 58 7193k cluster AAETFE7} Ut
w3 RETEZE JHE BAVIE MR 3N §4
71He H4A1717] $1 A, clustere] WAL ol F&
7zte] S REEY AAE g el it F EA
EE& A Y ouldt HRo) fXsh=R]E 7180k
g} t}-2 o 2 g &ty A 4re 9lshe] blolebuie] 29
ARSE dojor] 9% F27) sk =3 st
2o izl mdAZo] agd S olFthe 7
olc}. a4 3 A8 el (sparsity pattern)-& 7| s}
Jacobian HHE YT of £ NFAE Fd 7
slet

2-2-2. %4 ¥+

2xedols A9ye JFY T2 /M =2Ed
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User written
simulation input file

Table 1. Functional descriptions of input language
Section
Title section

Descriptions
Problem title statement

Component Define chemical components
in data base

Unit operation Define flowsheet and unit
operation

Stream Supply stream vector

Stream class Classification of stream
Initial Supply initial conditions

Cluster Clustering of flowsheet
Integration Integration options
option
Action User defined operation command
or spec.
End Indicates end of file

L Transiator Contiguration
file
L
FORTRAN main program Simutation
and data file [ |
Functional subprograms
Simulation FORTRAN compller Computer
system syslem
Oybloct ] library
Library Object code l
Linker
i
Simulation
program
X ‘
Text display g’:g}::ﬁ 1Dnlabus i
L}
Report generator

Fig. 5. Global structure of dynamic simulation system.

i3 & 4 ot ARSsl7] o@ 2 AR A o] Bo]EkR]
wdod ol e 5% daelfol AHEASA ST F
AHEE A9t stk £ ZA S ool AR
d¥dojst HEeo] A gJey F2E AAAC.
2217] AA Y dlo]elFz7) Plex F+ZolBg RE 3}
859 =& AZol 4tk o] A& dYA Y &
AT} EgA0) B Tfol Aot mAENe] 2HE
thge] F AR UHol Aok AAZ AT AL
Yk wgse] Ayl mueHE 4w, 2 W
ZolE AdZFd 2R Huds ¥ FHAS
BAMA S wbg s RE ARE A AW do|eiuo]
2ol £33 o) oA Hyel TRE Fof dl
oJgjo} A QlE|HolAE Fi FAAE FAMsAY &
A9 Fo|E THER 18 ¢ YA o) =7
Pate AF 24 B AZHE o] A
A Fch ALY RE 4 ZT2YPL o= HE9
AubAg 7 opAl wElbw, =2 ae] f A <l
Aol o)A e EAE AW A FHe sich A E
o} 7]RAql Aty dxels, 19%E F& o
23w, AFE A g5 efE, 44, 2
2l agte] o2 71x] Fol| dASd A AA=2
4 gck dube Jixe ZR2age =9 Fe|z}
Zdojx) 3, mapa AgYPLzr}l Gt o= Zle] B

s18138 X297 K25 19914 4%

Foleh 2l SHEA B 22IPS AFo
sk wAe] generatore|th. ¥ RAZl= g3
ZHE AYsiua sl RARRAC 2 ZRadg
AASEE FHol olm EF Ak IS4 £ A
A2 3= WAlS dst gl Fig 5ell AAIAH<Q]
TZ2& 2qch

2-3. eI™¥ANH (Input language)

BApA|aEle] AAM Ao R =] oA otz 9
Zalole) o] F W3l TR a9 /v AA A AF
Autel] o} frElsich ¥ dels] AdAe i £
e Agle] oha HaHeg 1 7)ol FrHE
U=E AAIsNs o] Fosih W 22392 g
HJ3t H2E g Hogd 4 £4& 3 sl=s,
dukd o g Fab Mev gAE Xeld Holyd F5E
1o & AHg-gct W-8-Ado] FHeold do1F Fortran 77
2 Aol 2R 5HE L3 23R AL
Hog Fz HE A7 WAESTTl 294 doerng
29 543 fdeje 22 YL st A3k o
ol#igt fdele 2 ady & F23kE HYrle v
E AT FAHEA N EE AHS-E= Fle] ofuizl, oh&
Alzg]2) gl qle) o] siutel AMEEH F S Helth

Table 10 & 7oA Nd BA7|ol A &x}7t7]
253 gle ¥y 71ss veRigh

2-4. ALER Het

stz T AN A RALe] H4Ro) dut
o g Aigpel M Wy =g ofslE Aol gl
7)o Ae ol g FAE B IR o] FlEstdd
ok A ZAAAEY 4" A 9w H4A)717]
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3te] Al AFF Ue Ax Sk

241 FAHE

etz FHRAE AT BEAEL AL 4
A8 9] stiff Alag)o] o, Mg BAE5H & et Stif-
fness 54l BDF(backward differentiation formula)
wAle Agstel oln BT FHel W Utk =&,

At B opek, Aojd ot 7lel 24 olf TLE
W shs BA4e 2A7|9 A TS WA As
713 dahs A A E E0VsEA sE gk
olo] A= Wk F A E Yo & 5 e,
71RHo R EAEHE Aoho] HES A Az}
ke 7o) 2 sjANbHoelch & d, EASHAAME 2
Agkoll 33-g WA ¢+ Runge-Kutta§-o A3ubdy
o2 Asshs YA E A4 s 9ok 2 g
59 Fuhge JBAUA AHE-shE W=
HEAeE 12 sta 2 HEbAer BdSHE
E73171s 3]

B AP E £dEE A5 R Este A&
BAL5HS 22 o 2 AE V)HeE BAE oA
Alabele WAl S 23 gltH22]. Bd&He] A|te R
vehd= explicit 39 ¥l2d 44 size] =g
Bz o] HRo] AP ojopul & o= AT
2o 2 Jehts implicit 34 B4 §14)7)
£ 55 A5 BJEEE 1 £ Hike HE 3
ofo} ztrh Unt A&HE 3 v, I F+= explicit
7349} zro] AMzj=ch

2-4-2. Sparse Jacobian 7|

W4 Falolu} clusteringd AHE3h= 7|4+
gAY o] Batstn AAFE PA=E Jacobian 3
ge 3igdo] sk slagYdo)gt AA FRY Y
2Fo A gro] 09 Yar) A sl vlEo] Wl &
$8-2 w3ch g upe} o] Hagye 3 A4
Hef 2 FA st ol hslw AldEke] A4 AY &
glc}, B ATEd 4 Harwell MA28Z =8 AlF3o
2 ARg3ta glon, B oA K o] ZEE AMS3AL
qlek. o] W 3isAe AARER ohel, AP e
A AAAE Haye|E o) &3hH Adde
AAS Aekd £ i) dubdo g ¢ AEH e 9
34 Jacobiang TF& 7Sl A (100& ~H&gch

af filx+8e) —f(®) .

o 8

o] u g ¢ ¥eElo} N-& Jacobiane| Z7]ejch

=1, N 10

A (10| 23t N? Jacobian Y458 T3t N
+Nio] gpAstel g Aolth &, N M5
218 2 perturbationA] A oF &ch 22} AHE A
Aatd 5 7| o]arel WE FAlel perturbationA] %
T A AT E 2 T Ut F ZFE Y F
Aol Qe F2 g HrEY 158 FohH 22
59 HEEL EAdl perturbation A1 4 9k
ghekel]l WpEe 2F57E Nezbd N(N)+N=ie] &
A Abeke] WasA €ek F, o] WAL AL e
5ge o 2t

N,+1
% Saving=—=
N+1

X 100 11)

thgoll Mg 252 Hdshe Adxe]E-$ pseudo-
code FeAE fehfigch o) 9 R, Cx A4l A
ZAsl7] 913 wlden], G MY 1E8AE ARE,
P= 77t 259 $AE 71gsts wjdolch

Tridiagonal 3] Aotd Gz 5& HEA7)4
3N Wy 258 devk 5 {1 4, 7.}, {2, 5, 8.},
{3, 6, 9,.}. o} Afol= PP =27]ol HAAIGe] = 3
¥ 9] perturbation uke] HQ31A Rt

2n2|F
(1) Initially G={1, 2+, N} and D={0, 0, 0}

L PR C=¢
Select Pivot _col in G set; pivot_col=1
(2) Do i=1, N; Check equations
IF element(i, pivot_col) is non_zero THEN

push i to R set;store row position
push pivot _col to C set;store column posi-
tion
Do j=pivot_.col+1, N
IF element(i,j) is non_zero THEN
delete j in G set

;check variables

add j in D set;j must be other group
ENDIF
ENDDO; for all variables after pivot_.col
ENDIF
ENDDO; for all equations
(3) IF there is no element to select pivot_col in G set
THEN
save G set in L set; one group is created.
make pointer to this group in L set
IF D set is empty THEN
exit; all group are found
ELSE
empty G set and move D set to G set
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empty D set
select pivot_col in new G set
ENDIF
ELSE
select new pivot_col in G set
ENDIF

goto step(2)

Table 2. CPU time for typical tray column simulation[ 11]

> Simultaneous  Sequential
Physical properties 79.4 829
Unit module routine 5.7 47
calculations
Storage operation 42 4.3
Sparse LU strategy/ 39 0.8
decomposition
Sparse LU solution 35 30
Gear integrator 16 2.2
Supervisory routine 1.7 21
Total 100.0(%) 100.0(%)
2-4-3. 443} Ak
a% Age) A7AT BT A A3
A dAFFAA A 285 o R BIET Yt
£3] vl 2ol 7= Table 20 4] Hi= uie}
ol BAA Alite] A Ez v]Fo] ¢ A

EA A A4 BEE Fole w2 2= LAM(Local
Approximation Method) # & shortcut 71H& A4
v, 2AA FRE adE B AAHeE A2
7o E44 AANFLSE $E3=F Jacobians] 744
oyt Ayuivie A48 Folvw A A we)
UE F Uck B AFelMe doR Fake] s
HEHoZ AHEE Zold, LAMY] Al4-% 33t
FIL

3. d H|

A A"l A5 Hrie} Ao He] HrkE
Sl B 71A] 7ekal A S chEelch Fagley S(11]
2 # g o2 sequential-clustered approach®] 7§33-&
=3k, ob&A7A] clusterd A FAle dF
&2 ofa it ot HAH 2719 cluster7} R Aol
freldivhe ARkE Roh ARA A6 e dubEal
Aol g A - clustering 7| FE& AA57] $13to]
e o] EPEaE ofe] wilor dFEd B2
AR AldEtsdch b €22] holdupg 2Asd 55

3328 M293 X225 19914 4%

a4

F1

£

F2 F3 |—|F4

F6

Vi

U7

Fig, 6. Schematic diagram of 4-tank plant.

F7

Feed
LC
Tank
Valve

Fig. 7. Liquid tank level control.

el Aol vehieln A dHe d5E
=gste] AIE o4 g TEddch FHA AAde
Aojedtoll H-437] 43l Fletcher S[8]e] ®al =
9] 49 AofEAE Hach

3-1. 4-432x|

ztzke] f2k-2 7t ® 32 holdupe] A|7kel we} <371
7Vt dA s B2 & A7) ey e F9lch
2ol A B9 37)= Q) 29 holdups 1}
eblict e8=e] holdup &713te.g z}zb 10, 0.1, 0.01,
50,0002 dA Yt ZE Aol 223 0.00012
81933 7} clusteringol] & AALAS-2] vl F
AE 3% FrEY 32F 34E Agsldd AE
alztel PI(performance index)+ SEId| #i9}sl= 3}
el cluster® o] Foixl WS V|2 st AlAkgt
Aol

Case 1. MEHUE 0| g BR(Fe=F,=0)

AE#s o] gl FAHo] HrZ SMI "wAle] 714
#2138 798 ZA] o = 9k Table 3¢} clusteringel]
g ZAAISE vaslsich

o] Al AL AdEEE O] EEY £549
zlo] 9} v} Al pof] AR AAE FAl FHAF=
S§79] Aol w3l FAREFACZ FHAZ Sle
%71 2w} o]4e] H8-E HQlch UubFEo =z 599
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Table 3. Computational efficiency versus clustering(Case
1) TOL=0.0001 TEND=10(hr)

Table 4. Computational efficiency versus clustering(Case
2) TOL=0.0001 TEND=10(hr)

7% Clustering Nstep PI % Clustering Nstep P1
S1 (D, @, (3), W 206 2.08 S1 ), @ 3), @ 241 1.45
S2 1, 2, (3), (4 195 1.79 S2 (1, 2, 3), (4) 204 141
S3 ), 2,3, 4) 196 1.79 S3 D), (2,3 4 226 1.08
4 (1, 2). 3 4 196 151 4 (1,2 3 4 197 1.00
S5 (1, 2, 3), (4 193 1.38 S5 (1, 2), 3, 4 460 0.59
S6 (D), (2, 3,49 201 1.30 S6 D, (2, 3, 4 446 0.82
S7 (1,2, 3 4 190 1.00
8 (@, (), @, @ 206 207 _ _ .
S9 (D, (3), (@), (4) 634 058 Table 5. Computational efficiency versus clustering(Case
S10 (3), (4), (1, @ 355 114 3) TOL=0.0001 TEND=10(hr)
S11 (2, (3), (49, (D 306 1.32 7% Clustering Nstep PI
S1 (D), 2, 3), 4 203 1.68
S2 (1, 2, 3), (4) 197 1.39
7$-9} o] ZA L topologyE FAEtR AAEAE S3 ), 2 3 4 259 0.89
Ashn Aga 28 2o 2o S89 ALE to- $4 (1,234 196 1.00
a5 2 Wz u S5 (1,2, G 4o 314 084
pology& A5ty 4 B2E WA EWAL AEE o 1), @, @, @ 305 098

S19) #$-9 A9 Zrh ol FAHY FEA 71a
ek & 4 QAaE 430 T3 2 4R 2 A7)
A7) 50000 ol 2r). z2E® shie] & WH=E 3}
Sate] FA J3FL Ao A oA "ok ol
AA-g latencyz} st ol EEo WiE EAE
frelstA &rkh &, o} T A o ubEA At R
A s o] F ojfsld AXEES Y T
it} S10, S11¢] 72 $oll&= °J"—? S c% ‘%(1‘{"_ B3)
A E2 @] died &
gz 23 Zlelgta &+ wrch *é‘ﬂi E-}‘}"é‘ 8) 3}od
As g 229 clusteringo] S7TR} <AL 2
of| 4] §-2} 38} x| "t Jacobian A 4bell A= S1& Al 9)slaLe
o]$ 2a)slcl. & Jacobian A4F H]go) Ao
o}F ulxjciw, Siube} 7P E53 mAF whyelch

Case 2. iiel Regts Fo 2 HEH Z(Fs#0.
F,=0)

Feoll &}l 2 33 el =2 29] #E8& =skdch
A A% clustering- & <l Aka) B9 (1), (2,3), (471 41
287t 9 AYS 44 & 4 slch Table 40l ARE
vehdiglo

w2 25k Bolw A M2 AEu o] Hel sl 2,3
B2 shte] S A2 AYshs Ao 7MY fei e
o 4+ glck S5} S62] A9+ EF AFw FHQ (2),
(3) % tearingdt ZAQ1d], WA 4] =77} & S6o] =F

fesich. dutde g Aeg 55 Sol A F
Mol A== shte FexeR Hoste Aol &
gslch 2 Aed BEc) EAsted TN A
Z3g gasitzts weAl shle FejaHE £F

7} Zuko] Felgt AL ofUth F, clusterd 2717}

ir

4]

HE AXAY, e F5AAY shtel ZeiEE
Holslal e Ho] frejd A7t Ak obg-2l Case
304 o]9} 2 AL & F Sk

Case 3. T 7o Ms@E B TQl(Fs+0, F;#0)

% 709 recycled %3]3}eq Aszie] AEZEHES A
stA slith oleigt 7A-S-oll d<£3] topology ® % aZ
3o, Aol frd A 2AS FRY F
e AT Froll o5t =1]%l B3 15} 93 4919
HEHE UF v|osle] AAZE AeLdt 350 e
A5} Al At o) 9 8 7 9ol S29f 722
74%7} S3¢} e AfrR Hgo| Fouch AWt
2E T 759 ol gAT AL 55 7]
b F (2), (D =HAZE A IE 1X1073, 1X
107 0] 2 (4)H ® A= 5X10PAH e, A A3 554 9]
o7} e FAHEE 3hte clusterZ = A$E
stiffness A& ©l€ =23k ZAAE 71A 2.

$e] 7hagt o] HAFAE FHA o 2

odubA el clustering 7154 AA& 5 AUtk
71 1: Asgge TG A 259 A2
Zledo] HEZARC U4 Add FAEEYAE o

g} o] o AxeAde BRe 35S weizlch
7% 2: AeF 55 So2 FHo| A3 AEH]
Ha AeH TS L= AL 3t ZeiHE
AR gt
71% 3: 8jgke) mglEe AL HEE 2PAAG
1E 4: AL FFFolnt A AEe] #HsH
Atel7} vhe FAEL 3t ZeAHE FA dE
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Flowrate {kg/hr}

Holdup(kg )/Controller signal
1 l.o‘y 5

0.0
—— Controller signal

1081 + Holdup {108.0
% Flawrale

10.8 4106.0

10.4 1 104.0

10.2 |4 {102.0

10.04 u AR 100 0

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Time (hr)

Fig. 8. Results of simulation(liquid level control).

7ol Fr}

71% 5:Tear 2E3 & A& v FHo g 7p4 =8
49 FHAEY S AHJ) o] tear REH Y] FA
ol 2] o§38kg FHAsldlels olfollAelc) o] tear AE

£ cluster 7+e] Al sfd3icy,

71& 6: 7 cluster®] A4h&E= 9429 Jacobian
gde] m7)9) AAHEZ 7} clusters A2 w53
AsErg 7HARE Ay

sio} e 7|EES HHslar)e TEA|R o=
A5 71ES AT stk AHME FHY RAlo)
kA wlg] 3AHY FEAE drie ogich a2y
aolzazs],] 4, _x—ﬂ_,] topology, 1;,_}_?4::'_7(45;] _E_Ag, ;\l..g.
= spEtEAe A4, AFEe) 5 5§ aHIo
e}l clustering® AFEH R *ﬂ"]?}E—S— Giet -
Lig= o

3-2. Level controlier-control study

dubd ez gty Aol daelEe HHFd Y
B2 ZAbzlo WAl 4 ek E= 58 Ao
damalEolut A4 52 glH Ao el A HA A e3te]
AHEE & olc) o] FAlelMw EAR]el WiFE PID
Aoy7]e] PREE Al4-alg Aol Ee o s
x 2% Aeojsiqirt. Fig 8o Aloj4le} e8=19] hold-
up2 el itk Fig 994 o] FA19 9 34
vetggdch. ACTIONEol4] FORTRAN ez Alof
WB.5 Hostz ok

4. ZE U Hotpe
04 a3 FHRAY] el B A7 d@
o7 s o] prototype——] ubdQl =9} _9.*}7]‘{]0“
#Astod 2slsbech e, AT, DA, $44
So] o7 Aol A 2§ Zalrgal SCIE 3 skdch

ST H29A X235 19914 43

<14

* Siwple liquid level tank
*
COMPONENTS = I, 2
* Unit Operatlon and Flowsheet section
UNIT OPERATION
LTANK § = TANK 1 -2 -3
HOLDup = 10,0
PID_CTRL 2 = LC, 3 -4
SETPOINT = 10, GAIN = 0.5 RESET = 10
STREAM CLASS
classt = ALL
CLUSTER
clusl = ALL
INITIAL
WITHIN STREAM
FLOW =

=12

100

PLOT
DEFINE SC SIGNAL STREAM 4
DEFINE HB HOLDUP EQUIP 1
DEFINE FEED FLOW STREAM 1
MAX X = 1.2

MIN_Y = 10,10, 100

MAX_Y = [1,11,110

GRID_ON = ON

DEVICE = TTA3:
ACTION

DEFINE HB HOLD EQUIP = 1
DEFINE FOUT FLOW STRE = 2
DEFINE FEED FLOW STREAM 1
DEFINE SC  SIGN STREAM = 4
*
* Valve actijon (SPECIFIC CASE IN THIS PROBLEM)
CV = 3.162277
FOUT = SC % CV*DSQRT( HB )
IF ( TIME .LE. 0.3 ) THEN
FEED = 110,0
ELSE
FEED = 100
ENDIF
* INTEGRATION OPTIONS
INTEGRATION OPTIONS
STEP = 0,0001 FINAL = 1.2 FREQ = 0
TOLER = 0.00001 METH = 22 DELT = 0.03
END

Fig. 9. List of input file: level tank control.
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SCI9) A%5-& ¥o17] AasiME A4 AL clus-
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NOMENCLATURE

: Pascal triangle matrix

: unit vector

: step size(t,—t,-1)

: proposed next step size for current method
order, g

: proposed next step size for q—1

: proposed next step size for q+1

: Jacobian matrix

: number of ODE equations

: number of independent variable group

: computational procedures

: method order

: time

: algebraic variable

: state variable

: Nordsieck history array

: predicted Nordsieck history array
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