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Abstracts Fast and accurate distillation design requires a model that significantly reduces the problem size
without loss of accuracy is especially suitable for real-time applications. The reduced order model is obtained by
use of Principal Component Analysis(PCA). Then the extended Kalman filter and the Recursive Prediction
Error(RPE) method. are applied to identify the model parameters and the feed compostion from the measuremenets
of the column. As a consequence, it is found that the model reduction thechique can account for the dynamics of
the rigorous distillation model and not only the model parameters, but also the feed compostion can be identified
efficiently. This technique is applied to industrial operation data to verify the performance of reduced order model.
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1. &

FAe Aol & HAAHIE FYPste o UM dAEFAY
23 "eHQ FAoln, Ry o2 RE 7T
Ede FRE dgstth. FFITHA disld dPURGe| H9ol
T Ay ez B3 sy fAAT 34 Wdis 9 0
edAa oz BHAT ol¢ o] FAF ATLERIE Py uA
XY, 9Rg, UFSEHRYF U dR2o d&d Fo] BHUEY
HZe dx FAARE FF Yoluds HIAE Fv, FHo] vM
HHRol FANAS ¢ v P Hoz ¥gg dUngAS A
AlZtejell A Wi H o A4 FE AL HalAel 3wt d
M AFNME GEELY FAS BEZE AAY ALAZ
< 9F87] % FU AepArndg TS AARG o
fo] 7A5Etn, MY FAAF LA 2 BHE 5 AoA
APrdgol Ze AL #AY + UARE vk AFFLIIYE
2+ bilinear modeling, modal analysis, compartmental model
o} BAL3 3R ASFES A4 Aoz A HoR
Aoz FHIL, WAESF(cubic spline)E =Y FASF
A& WEAAN ATFAsE g g (Collocation) 5ol Ut &
AFeEe Foijz FAHERZFE NzAeE B3 A¥ALHES
2= PCA(Principal Component Analysis)& ol &8 x5+724
2dg FATD, ALHA el fUsEe B AA AAM F
BE& RHste d A7 dE AsERARdS B He 24
ZAdM  AMEEY] HEted AAZtY 2 A4 Al (on-line
model identification)& B3 A% 2AEEL 3zl duh. YA
Ty on MY HefFHRAe HEFAH H L 3
AA %22 (Recursive Prediction Error Method, RPEM)
& ol g3l A4 g st

2. 828
2.1 95X H(Simplified Full Order Model) 7%

2gye 24 AHELL Btk 9EaA FHsY e

A AANT 2HAX A AXA e Aoz, B AT
M 2AegA71Ee dEEd HEsx gn gdendo 3
&8712 Bt deRd g FARY] 9T FHFY NS E Fig
13 23, 24939 "ga3 78 s 4S9 2o

(1) A4 % ANARFES ARG SAR sty 274 97,
(2) 2t Dl AHFFS IS T, Tt FHFS FAL

(3) Au[7] 9} BH= H(reflux drum)e| FHE SFaA Ao

(4) ©@ellM hydraulic dynamincs’F mixingol 2{% R wri W&,
(5) 2t S HY&s.
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Fig. 1 Simplified diagram of a binary distillation column.
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o4 BA FRIA FRAYHNL s 2o
€57
dxl

Hc-dt— =V, (y;—xp ¢))
zZ} ol A,
dx;
H"‘_df = Valy,—vi-D) + Lalx-1-x;) @)

+aFxs+ (1~ @Q)F x4

A7) j=NFAZ$ Fi=F, j=NF-1¢! %% F:=F, tt& REZ$

0 o]t}
A a7 o] A
dx
H, d:” =LXNr-1~ V¥nr-1— Bxnr (3)
Qe o] WE B A FYL
Ls =L,+QF (4)
Vs =V,-(1~gF
71~ HY AL
Y; =K5Xj+1, j=1,2,"',NT_1 (5)
LYl ZA B,
dX _
“a = M:X+b-xF (6)
714
T= . XNF-1 . XNF, ", XNT)
—{o.- Q_c.L aF o)
E] Hs 1
“’;/T KP;V‘ 0 0
L, _ VK +L, VK, 0
H H, H,
M= L:. _ V,K,;, +1, Ve
= H, H,
. Lo VK +L, VKo
. H, N H
L Vg + 8
0 H, T TH.

211 PCAE o]8# AH5rgLude 74,

PCAE Q9 ¥4 (Random Variable)®l BA <A Hd A
u @, dolEe AW e de] ol&HeX T, dol¥
Sol Ay HEF0 AT H$, dlojele] £Hgle] REH L2
TaE A diolHE ¢E S e A & IR/AE #E 1
FHHE Addo2 N HAixts Mdd o8 stEd He AL
&48 MR et PCAE A S ZHAsd ®A 2astsinzt
B A Yo HERE M5 Bo] XA e FHA
NYyslE FAE F3PFete 7 deEs g s A e

RE u, T A (covariance matrix) T < p xbo] gejd
F X=[Xy, o Xplol theted, A2 o ¢ 52 % D(uncorrelated), ¥
Aol AV #£oz widd AMERE WHAFEY HY Y, YeE
Harold Hotellingoll &3] AAle PCAMHoZXRE d&F Urth
Y & ¥F XEY AF¥FFLR ebdSs gk

Y, =a X ;+ayX,;+-+ayX,
= a;TX
71 M, a =[ay, anl ©} 2, A2 ilorthogonal)elth, &, a'a=1.
Y2 FAEE & 2o
Y=ATX (8)

(7

NN Y=Y, Y], X =0X, 0 Xl A=lay, -, ap]
AN HE AV HaPPelng, dal dFX)e e ¢
o] E¥E )
X=AY )]
AN Y =Y, Yol, X =[X1, Xol, A=[a1,,ap]

e pEY WA HE mAHmp)Y FEITLR Xg HEY
& o,

Y;

Vel=K Y (10)

Yo

(U0E o gt BERdy 4O H g,

A dd? = MAY + bxs

X= AY
A&A e AFHLAEG A(IDE QA NHAA o] &3}
Aslod, e A Ade] HAslE A EFH (sampling) B ol ¥
wapgo] ZAS oA Zkde] Rd =R wlipo]okiinh
Yei1=Ap Yt v
X=X Y.

AN Ap=I+Tx ATMAS v=Tx ATbxy o3, k
g T 22 kA 4EY &7200 2H el

Xz[ a; az am]

(11)

(12}

2.2 Innovation Model
FTAEANF 0F /H IubHd My
o},

HAZURDE e B

x(t+1) =F(OHx(tH G(Hu(t)+ w(t) (13)
y(t) =H(Ox(t}He(t)

g7 w(t), e(t)s Hdo] Holn

FEAYH e ey P}

Ew(t)W (t)=R,(6)
Ee(t)e"(t)=R,(6) (14)
Ew(t)eT(t)= R12(19)

2713k x(0)°l A3k BEAe e g,
E[x(0)~xo(a)1[x(o> %(017=1I(8)

A(13)e] AHF 2 9L Innovation TR w7

A" foldigt diEate gEn gol AR

X(t+1,8) =[F(8) —Kg(t)H(D] x(t, )
+G(Ault) + Kg(t)y(t) 16)

v(t | 8 =H(6)X(t, 6); X0, 6)=x,(6)

A7l Kee dutelsgdor mdel Ho|PFH(F(F)G
(G)H(6)), wo|&H dZF2359 FTEAS(RiI(E)RA0)R12
(8),71()N2 ol Fo|A Riccati Aoz F&zlch

N7 gowolae] Htolsgde K, s, Aw
F2H16)& Al EWd &2z H2dA "o
x(t+1,6) =[F(8) — K,H()] x(t, 6)
+G(Ou()+ Kex(H amn
y(t | 6) :H(f))?c(t,e)

= Riccati

SHAHA YedEoly 2

#ote

DA TF K, & B3
boo] e ARyt FESA e 4
<, Ky & w5ges 7o) o #elyolrt
olZH € innovation AFEEE FHY F Ut

X(t+1,0 =F(O)xt, 8)+G(Hult)
+ K(8) ()
y(t) =H(Ox(t, 6) + &(t)
e(t) =y(t)—y(t| 6); innovation

(18)

2.3 Innovation ZH4 32X S oAy HE

4AY AZeaeys
th&3 2ok

innovation R 9] &3 dnalFe
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() =y(t) —y(t) (19a)
A=At -1+ v &) (1) — At — D] (19b)
RO Ii(tgl_ulf() DA™ ET() ~ R(+—1)] (19e)
Bt) =Bt — 1) + r(OR (1) T()e(t) (19d)
X(t+1)=F x(t) + Geu(t) + K&lt) (19e)
Y+ =Hx(t+1) 199
Wit+D=[F —KH]IW({t)+ M,—KD, (199)
We+1) =W(t+1) H' (19h)

+ D78, 2(t+ 1))

q71 4,

F.=F(3(t)), G.=G(3t))

=H((1), K~K(3(t)
M= M(B(t), X(8), u(t),e(t))
D= D(B(t), X(t))
$d DY} ME z7 23 Ay

g ouldoh,

D(B,x) = 25 [HOX] | 54

91 2% (sensitivity)

M(0.x,u, =27 [F(O)x + G(Bu+K(Oe] | 4.

rdANAAE mdyo[er) EUAFFFor 32+ ASg
71918 suceessive projcetion methodd & &%t} (Ljung, 1983)

3.43% 2 n&
31 AAAT I
FRands] 2A45E 457 fstd EAYgeR o
%%»f gof ol 4RA 2AFAH e TAE SRR 2

J Wwae zgze E 13 2o

B 1 oAd7 Fel3A 2z,
TABLE 1 Operating condition for the binary distillation.

No. of trays
Feed tray

Normal holups

Feed flow rate
Feed condition
Top product flow rate

Reflux flow rae

13
7th from the condenser

Hc=15 mol, Hr=2.5 mol
Hs=3.5 mol HB=23 mol
216 mol/hr

xF=0.5, q=1.001

108 mol/hr

60 mol/hr

PCAE
AT Ak FBYGSE

ol &3t 15xl TR U S 53 AFHALRIR
WA= (cubic spline)® ol &, AF©
36,108, 8AH S 470(10,12,13,14%)&

AR LETe

FA4FE s 2ddARRAM mdsdeleE Kd(2),

K:(3), Ks(2), Ks(3),
(L) boilupF&(Vs)ell 2717 2
Binary Signal(PRBS)& o} &8 o =

AA FHe Ag3d 2ANY
ARsPh. HYSYS =AD& A4

AX 7H58la, OLE AQ& 22 Exceld

FHED boiluph &N 7H8F o

I/Ho, #to]5E

EOA
#FHS

B¢ WARA,
2zt 2%<! Pseudo Random
SOEEE LS L)

HYSYS dynamic model=
FAEA o B, 5H BAL
o] &% PRBSES &

oo 27z RE E@ﬂﬂ“lﬂ%:ﬂ YA RhEZ 9

(2 2), 4A 3 A dAEE ¢ Ath(2E 3

Ks{3)

|
(b = ~

Kri2)

1Mo
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a1y 2 2dgeoel 5o SHEE.

Fig. 2 Converged values of the model parameters.
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Fig. 3 Converged values of equilibrium constants.
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Fig. 4 Prediction of composition of the distillation
column
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32 Atdd T 2

HA 2dFU 249 FREL 0Tz 7498 2407
o] FAlel AR #elAZ, DCS/E #EH] o 1#UH =
oo 2ot FRYWE AU FEHE A% AFRSE
2 ZAH vt o] & FHPEH HF =z 44
2,39 2t}

g
7
°
E:

X2 FRY EHuE.
TABLE 2 Measured values of distillation tower.

LE FAHG #01 #21 #41 #59 #83 #80 #90 #Btm
4 EXG #01 #Btm
Feed Feed 1. (#83)

Feed 2. (#81)
Feed 3. (#77)
Feed 4. (#89)

Mass Flow rate Steam, Reflux, Btm, Distillate etc.

R 3 FREY HF =23
TABLE 3 Average operation condition of distillation tower.

BTM TOP
TEMP(C) 126.9 103.1
PRES(ATM) 1.681 1115
WT%-HAc 92 0.45

L= 4HE HYdoletZRE
& Widez HAS D REYAM 4L Wit Fagich
2ECo A olEl2RE PCAE HE&dd 7Ique & Al
ek 4 AF/FEES PIFRAHG o1 BEd ERESFE uEAd
I, boilupfr& AMu[7ie dFAHonre PG 2 FH
%k'—g exponential filter& Al&3ted o2& AAZ AT

M) M F F(Liquid Holdup)2 el o, &F7], Av|7ief A
71;351 AR R, g 7HASH FIFFE G&3Ee #83

| HAAeR Solov AoZ AU HE 2AEALS
CH%F 70wt9% (41.2mol%)eltt, BYGFae FHT Mt 2H
S ANE WAH L2 3o ZAMst g 2, EddenE s Aol
Meo| By 1/He, 3HEY 24 xp, AUISEZ A
st

Zyom RN, FRT

Line - Real, Dash - Estimate
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Fig. 5 Prediction of temperatures of the distillation
column
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S& 2% A%E ottt F AX RER £YFL 45 9
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Fig. 6 Estimation of feed compostion.

4. 48

¥ AFE B8 PCAE ol &dtd z&HY A Q*E%-‘L
< &5 BYT, o AFFLEDE dUERI A &
T EYS o 5 Atk ¥AFH AF2aEH(RPE)S
% Eo AEE oZg F Adov, Rdgetag
AF ), @l FFEZAYSS &=
T%QT A‘“t} ol= o] 7|l F R ZHAXUE INAHL
2 EUHAY 7 A&E& o0, volrt A =
49 F e Ede V2 E FYR ¥ £
o] 71 EAMorE AldIAT lolM F
T BL oe S HEEEYE, A4, 7R R HEtEo
ol FHE TAFA] Zoldd, FFE A ZA WA=
A5 3A vAYH S AA HEA ZAAstel Age
g F Aoy BES g FAIA ZHAUH AT 200 A
£ AA RS Wz Aus HFY¥doly NHTFn 2x9
Yo RE AL FFddcdl, dAE2E HHYolmz x4
of ZAell od HA o] Heslojol AA FFHEe HHF Ad
g ¢ ¥ Uode Bdoh
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