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Tom tat - Trong ky thuat hé théng qua trinh héa hoc, viéc thu thap
céc di¥ liéu do dac la phan khong thé thiéu dé phuc vu viéc van hanh
va diéu khién hé théng. Tuy nhién, trong cac trng dung thuc té, viéc
lp d&t cac hé théng nhdm do dac cac tham sb thudng khéng dé
dang va co thé rat tbn kém. C6 nhiéu phwong phap nhdm khéc phuc
cling nhw hé tre gidi quyét nhitng khé khén nay, trong dé phai ké
dén bd quan sat. B quan sat 1a mét thuat toan gitip wéc lwong cac
gia tri khong/hoadc khé do dwoc (vi du néng dd/sd moal,...) tir nhivtng
gia tri do dwoc dé hon (nhw nhiét dd,...). Bai bao sé tién hanh nghién
ctru va trng dung bd quan sat tiém can dé woc Ivgng tham so hé
théng qua trinh (vi du binh phan &ng hoa hoc hay thiét bj chung cét
phan trng...). M6 phéng va so sanh gia tri nong d6 woce lwong thu
duoc tir hé co bo quan sat tiém céan voi gia tri nong dé chinh xac sé
chi ra pham vi tng dung ctia phwong phap dé xuét.

T khéa - mo hinh hoa; b6 quan sat tiém can; hé dong lwc; woc
lwgng trang thai; diéu khién qua trinh.

1. Pat vin dé

Thiét bi phan tng m& 12 hé dong luc phi tuyén va c6 thé
hoat dong véi nhidu trang thai can bang dimg 6n
dinh/khong On dinh do bj rang budc boi cac nguyén Iy bao
toan vat chat va ning luong, két hop vai cac phuong trinh
cau thanh (ddng hoc phan ung, hién tugng truyen van va
truyén khdi...). Do su c6 mat phd bién cua thiét bi phan
mg mé trong cac nha may héa chat, dau khi..., viéc van
hanh, giam sat va diéu khién no dat ra nhiéu thach thie tha
vi [1]. That vdy, vin dé uéc luong cic thong sd trang thai
trong van hanh, giam sat va diéu khién thiét bj phan tmg
mo da thu hut dugc su quan tdm ngay cang tang cla cac
nha khoa hoc thong qua khai niém b quan sat. B6 quan sat
1a thuat toan gitip udc lugng cac gia tri khong/hodc kho do
dugc (vi du ndng do,...) tir nhitng gia tri do dugc d& hon
(nhu nhiét d9,...) [2].

Nim 1990, Bastin va Dochain di xay dung va dé xuat
bd quan sat ti€ém can cho hai qua trinh sinh hoc: qua trinh
phan hity ky khi (qua trinh lién tuc), qua trinh san xuat PHB
— PolyHydroxyButyrate (qué trinh ban lién tuc) va dua ra
cac diéu kién dé ap dung n6 [2]. Nam 1992, Dochain va
cong su da dé cap dén viéc xay dung va khao sat bo quan
sat tiém can cho hé thong thiét bi khuay khong dang nhiét

k& k
cho truong hop phan ung sinh hoc A—1> B—2>C va chi ra sy
hoi tu ctia bo quan sat tiém cén phu thudc vao diéu kién van
hanh qua trinh [3]. Nam 2003, Dochain da so sdnh bo quan
sat tiém can voi mot $6 bd quan sat khac nhu: bd quan sat
thich nghi (adaptive obsever), b0 quan sat phi tuyén
(nonlinear observer), b quan sat Luenberger mé rong
(extended Luenberger observer), b quan sat Kalman mé
rong (extended Kalman observer)... Qua do, tac gia da dua
ra gidi han chinh cua b quan sat tiém can la sy hoi tu cia
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trang thai udc lugng phu thude vao diéu kién van hanh [4].
Nam 2012, Hoang va cdng sy da xay dung va mo6 phong hé
mot phan tmg véi hai ciu tir: v A — vgB va da khao sat
cho hai trudng hop 1a hé vong hé (open loop) va hé vong
kin (close loop). Mdi trudng hop co hai truong hgp con
la hé ¢6 bd quan sat tiém can va hé khong c6 bd quan sat
tiém can [5]. Nam 2013, Hoang va cong sy da mé rong
va dua ra phan ly thuyet cho bd quan sat tiém can trén hé
nhidu phan tng véi nhidu ciu tir; va da khao sat cho ca
hai truong hop, vong hd va vong kin [6]. Nam 2015,
Mohd va cdng su da chi ra viéc lya chon bo quan sat thich
hop nhét cho mot hé théng qué trinh cu thé 1a nhiém vu
quan trong nhung khong hé dé dang do sy da dang cua
cac phuong phap, loai quan sat, pham vi (mg dung va tinh
chat cua qua trinh hoa hoc san c6. Chinh vi vay, nhom tac
gia da tong hop va sap xép, phan thanh sau loai by quan
sat udc lugng chinh; dua ra so sanh uu nhuogc diém cung
diéu kién ap dung va xu hudng phat trién trong thoi gian
téi cua tung loai [7]. Ngoai ra, [7] con dua ra cai nhin
tong quan vé su phat trién gin day ciia bd quan sat tiém
can. Uu diém ndi bat cua bo quan sat tiém can 1a no khong
can dén théng tin vé dong hoc qua trinh phan ung/téc do
phan tng (luu y la cac dai lugng nay dugc xac dinh dua
trén thyc nghiém).

Bai bao dugc t6 chirc nhu sau. Phan 2 gidi thiéu mo
hinh toan thiét bi phan tng md, ma trudng hop dugc chon
dé khao sat trong nghién ctu nay la thiét bi phan tng
khudy lién tuc Iy twong. Phan 3 phét trién bo quan sat tiém
can dé udce lugng sé mol/ndng do cac cau tir trong thiét bi
tr do lwong nhiét do sn co. Phan 4 danh cho viéc md
phong dé kiém chung cac két qua dé xuat. Két luan va
hudéng phat trién ciia bd quan sat tiém can s& dugc trinh
bay trong phan 5.
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2. M6 hinh hoa

Xét phan tmg hoa hoc xay ra trong thiét bi phan @ng
khuay lién tuc ly tuong (xem hinh 1) c6 phuong trinh ty
lugng nhu sau’:

kq
Va A — vg B

k\ / kea
@

Véivp,vg, Ve la cac hé so ty luong.

Lwu lwgng dong vao,
Nhiét d6 dong vao M

Nhiét a6
phan tng T

Nhiét do
vo&o T,

Lwu lweong dong ra
Hinh 1. Thiét bi phan irng khudy lién tuc 1y tuong
Céc gia thuyét md hinh hoa sau dugc xem xét:
(A1) Luu chat long dang ap, 1y tuong va khong nén
duogc.
(A2) Nhiét trao doi v6i vo 4o duoc thé hién qua:
Q;=MT, -T) (2)
Trong d6 A 1a hé sb trao doi nhiét hiéu dung, A khéng
phu thugc vao nhiét 46 va thanh ph?ln ctia hdon hop. RLE!
nhiét do vo 4o lam mat.
(A3) Dong nhép liéu cau tir i (i=A, B, C) & nhiét d6 cb
‘ F s
dinh T, va toc d6 pha lodng 5=— khéng d6i, trong d6 F 1a

luu lwong thé tich (don vi thé tlch/s) V 1a thé tich thiét bi
(don vi thé tich). Nhiét dung riéng cia cAu tr i

Cpi (i=A, B, C)xem la hing sd.

(A4) ’Téc d6 phan tmg dugc miéu ta theo dinh luét tac
dung khoi lugng (mass-action-law):

rjvzkj(T)Fj(N‘;AJ“.N‘;BJ‘....) 3)
trong d6 K;(T) la héng sb téc do phan tmg thir j ciia pha
F (-1

Trong nghién ciru nay,

long, .,N;) 1a ham phi tuyén véi cac ddi s [5, 6].
kj (T) gia su tuan theo luat thyc

nghiém Arrhenius:

k; (T) =kq; 4)

Trong d6 K, jla hang s6 dong hoc va E,jla nang luong
hoat hoa. R Ia hang sb khi Iy tuong.

Dé don gian hoa, bai bao s& xét hé phan ung (1) c6 cac
hé s6 ty lugng bang 1 (nghiala v = vg = v¢ =1) va phan
tmg 1,2, 3 1a céc phan tmg bic 1 theo s6 mol tac chét (tic
la biéu thuc toc do phan ung lay dang twong minh cia no
duogc rat ra tu (3)).

Duéi gia thiét (A1), can bang ning luong dugc viét
thong qua enthalpy H [5, 6, 8, 9]. Do d6, hé can bang vat
chat va nang lugng la:

N
d A =6(Npj —Na) — V4V

dl:—tB:ES(NB, -Ng) V-,V

dN.
dt
dH
(H,

®)

=8(N¢; —N¢) - ViV

— =5
dt
Trong do, ki hiéu I nho chi gia tri dong vao.

Ta c6, enthalpy toan phin ctia hé phan tng la:

H = Nih; (T) (6)

H)+QJ

Véi h(T) = Cpi (T ref )+ Plires

Tret +Niret » Cpi 1n Iuot 14 nhiét do tham khao, enthalpy
theo mol tham khao cta cdu tir i va nhiét dung riéng cua

chu tir i (A, B, C). Bang cac phép bién d6i, phuong trinh

. dH .
can bang nang lugng — cua (5) dugc viet lai dudi dang

dt
tuong minh theo nhiét d6 [10]:
dT

3
— ~T)+Q;+ Y (-AHg)RV  (7)

i1

=5C, (T,

V6iC, =C aNp +CgNg +CcNcla tong nhiét dung
riéng. Ban chat téa nhiét hay thu nhiét thé hién qua nhiét

cia phan Gng hay enthalpy cua phan 1Gng
AHg;i(j=1 2, 3):
AHg, =-h, +hg <0 (8)
AHg, =—hg+h; <0 9)
AHgs =—hc+h, >0 (10)

3. Thiét ké bd quan sat tiém can

Gia thuyét nghién ciru: gia s nhiét o T va s6 mol
cua 1 trong 3 cau tr (Na,Ng, N¢)l1a gia tri do duoc
online.

Muc tiéu bai toan: Udc luong 2 gia tri s6 mol chua biét
con lai.

L Phan ting xem xét I3 hinh thiic. Tuy nhién, moi phan ang thuc té thuoc vé dang ndy sé& duoc Xt Iy bing cach tuong tw. Két qua phat trién trong bai

bao hoan toan cé thé mé rong dén cac hé phan tng phirc tap hon.
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Nhu véy, ta can thiét ké by quan sat voi dac tinh khong
can biét thong tin vé dong hoc phan tng cta hé phan mg
(thuong thong tin nay kho xac dinh va né chi dugce xac dinh
thong qua thuc nghiém) va khdng phu thuc vao ban chit
toa nhiét hay thu nhiét caa phan tng. Trong truong hop
nay, bd quan sat thiét ké dugc goi 1a bo quan sat tiém can
(asymptotic observer) [3, 5, 6].

Tir (5), ta viét lai h¢ phuong trinh nay dudi dang rat
gon:

Z—N = (N, -N)+vrV
= =5(H,-H)+
= a0,
Véi: N=(Na,Ng, NC)T A  vector s mol,

r=(r, r,, r3)" 1 vector tc do phan img va
-1 0 1
v=| 1 -1 0 |lama tran hé sb ty lugng?.
0 1 -1
Luon t6n tai cac ma tran (kha nghich) P va Q sao cho®:
1 00 100
PvQ=| 0 1 0| hay noicachkhac, v=P*|0 1 0|Q*
0 00O 000
(12)

100
Ta dé dang tim duge: P=|0 1 0|va
111

101
Q=-1 11
001

Thay (12) vao phuong trinh can bang vat chat cua (11),
ta duoc:

dN 100

E:a(N, -N)+P* 0 1 0]QhV (13)
0 00O

Hay (13) twong duong véi phuong trinh sau :
1 00

dN 1

Pazé(PN,—PNH 0 1 0[QvV (14)

000

Pit bién méi Z=(Z,,Z,.Z;)' =PNva R=Q'rv
(R goi 1a vector tbe d6 tdng quat). Phuong trinh (14) tr&
thanh:

2 Ky hiéu T 1a phép chuyén vi ma tran.
3 P va Q dugc tim thiy tir phép khir Gauss-Jordan.

i 100
L =0Z-D+ 0 1 O[R (15)
000

Tir (15), ta thiy Zs 1a trang thai khong phu thude dong
hoc phan ung. Tuong tu, ta thay phuong trinh can bang

dH
nang luo*nga cua (5) (hay (11)) ciing khong phu thudc

vao dong hoc phan tng. Tur d6, ta rat ra bo quan sat tiém
can cua hé (5) (hay (11)) 1a*

dz
i:S(ZSI _ZBE)
d_tE: (HI _HE)+QJ

Ki hiéu E nho chi gia tri udc luong. V6i Z3 va H duoce
tinh tur:
{Zgz NAo+Ng+N¢

(17)
H=Npha+Nghg+Nche

Tir Gia thuyét nghién ciu, ta da biét 1 trong 3 gia tri
s mol cAu tir A, B va C, vi vdy sé& c6 3 truong hop khao
sat dé tinh toan udc luong cac sé mol chua biét con lai
théng qua (16) va (17). Bong goép chinh (cach thuc rat ra
phuong trinh (16)) la trung tdm dé nhan dugc cac két qua
chinh trong nghién ctu nay.

4. M6 phéng va két qua
Qua viéc tham khao s6 liéu tir [9], phan nay s& chay mo

phong hé trén véi nhitng théng s6 cua thiét bi phan ung
khuay lién tuc Iy tuéng nhu sau:

Bing 1. Théng sé cia thiét bi phan ing khudy lién tuc

Iy tuong
Tén Ky P§ 16n
hi¢u :
Thé tich thiét bi phan tmg \% 10 (m3)
Luu luong thé tich F 0,1 (més?)

Nhiét dung riéng cia ciu tir | Cpa 1000 (J Kt mol?)

A

Nhiét dung riéng cia cu tir | Cps 1000 (J Kt mol?)

B

Nhiét dung riéng cia cu tir | Cpc 1000 (J Kt mol?)

C

Ning luong hoat hoa cua | Ea 2,09 x 10 (J mol?)

phan ng 1

Ning luong hoat héa cua | Ea 4,18 x 10* (J molY)

phan tng 2

Ning lugng hoat hoa cia | Ea3 5,225 x 10* (3 mol?)

phan tng 3

4 Giai tich sy hgi tu (va én dinh) ca trang thai bd quan sat vé gid trj chinh xéc da duoc chimg minh tuong minh trong khudn khé Hamilton. Ngudi doc

vui 1ong xem [5, 6] dé cé thdng tin chi tiét.
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Hing sb dong hoc phan tmg | Ko 1,1(sY)

1

Hing sb dong hoc phan tng | ko2 172,2 (s1)

2

Hing s dong hoc phan tng | Kos 20,05 (s1)

3

Hing s6 khi ly tuong R 8,3143 (J Kt mol?)
Nhiét o tham khéo Ter | 298 (K)

Hé sb trao dbi nhiét hicu | A 85 x 10 (W K1)
dung

Enthalpy tham khdo ctia A | haref 0 (J molY)

Enthalpy tham khéo cta B heref -20,18 x 10* (J molt)

Enthalpy tham khéo ctia C Ncref -45,18 x 10* (I molt)

Nhiét do v6 do T 350 (K)

Céc bién dau vao (process inputs) duoc chon nhu sau:

Nai = 104 (mol), Ngi = N¢| = 0, T,=350 (K)

Céc gia tri trang thai ban dAu (tic tinh tai thoi diém t=0)
cua mé hinh (5) (hay (11)) gia str la:

Nao = 10% (mol), Ngo = 5 x 10% (mol),

Nco = 102 (mol), To = 360 (K)

Céc gia tri trang thai ban dAu (tic tinh tai thoi diém t=0)
ctia bd quan sat tiém céan (16) dugc chon la:

Zy (0) = Nago +Nggo + Neeo

He (0) =0,75H(To, Nago. Nggo: Neeo)

Trong d6:

Nago = 0,5 X Nao, Neeo = 0,6 X Ngo,

Nceo = 0,8 X Nco

Ba truong hop (TH) tinh toan sau dugc khao sat:
THI: Biét T va Na, udc lwong Ng va Nc (xem hinh 2)
TH2: Biét T va Na, uéc lugng Na va Nc (xem hinh 3)
TH3: Biét T va Nc, uéc lugng Na va Ng (xem hinh 4)

6000

—— Ny exact
4000

N e NE observed [{

(mol)

o

=z 2000

0 100 200 300 400 500 600 700 800
Time (s)

\ : : — Nc exact

B IR N - observed

. . i 1 : : n
0 100 200 300 400 500 600 700 800
Time (s)

Hinh 2. NB, Nc Va 56 mol uéc heong tiwong g ciia
truong hop 1

10000
— N’q exact
S 5000f-; -
I N NA observed
-5000
0 200 400 600 800
Time (s)
500
= oF T T
S T — N exact
R | R L < 1
o A N_ observed
=z s c
-1000
-1500 L L L
0 200 400 600 800
Time (s)

Hinh 3. Na, Nc va 56 mol wéc lirong tiwong iing ciia

truong hop 2
10000
= ——N N exact
E  5000F b e N observed
Z‘ 2
0 L L H
0 200 400 600 800
Time (s)
— NEl exact
1---- N observed ]
400 600 800
Time (s)

Hinh 4. Na, Ng Va 56 mol wéc liwong twong iing ciia
truong hop 3
Cac tinh toan va mo phong dwoc thuc hién dung phan
mém Matlab & Simulink. Trong ca ba truang hop khao sat,
gia tri woc luong ludn hoi tu vé gia tri chinh xac (xem cac
hinh 2, 3 va 4). Két qua cho thdy thoi gian hoi tu (dat dén
hon 95% gia tri chinh xac) trong 3 truong hgp khoang

3% =300 giay. Mat khac, sy hoi tu cua bd quan sat tiém

can (16) phu thudc vao diéu kién véan hanh (5> 0) [2, 3,
7] va day chinh la gigi han ctia by quan sat ti€ém can. Tuy
nhién, diéu kién nay r5 rang luén thoa man véi cac hé qua
trinh hoat dong lién tuc hodc ban lién tuc...

5. Két luan va hwéng phat trién

Nghién ctru da chi ra cach thire xy dung va mé phong b
quan sat tiém can cho mdt qua trinh hoéa hoc, cu thé & day la
hé phan tmg vong (1) véi cac hé sé ty luong bang 1. Pay 1a
mdt truong hop dic biét khi sé phan g (n,) khac voi hang
ctia ma trén hé sb ty luong (tac 1a nr = 3 va rank(v) = 2).

Bo quan sat tiém can dam bao gia tri udc lugng sé mol
chu tr hoi tu dén (khoang hon 95%) gi4 tri thuc cua no
trong thoi gian hiru han. So sanh tinh ning nay ctia bd quan
sat ti€ém cén voi cac bd quan sat khac (vi du by quan sat
thich nghi, bd quan sat Luenberger mé rong va bd quan sat
Kalman mé rong...) can duoc thuc hién trong cac nghién
ctru tiép.
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Ngoai ra, véi dic tinh khéng phu thudc vao dong hoc
phan wng, ban chét toa nhiét hay thu nhiét ciia hé phan ung
va uu diém dé xay dung, lp dit, ta c6 thé mé rong va tng
dung bo quan sat tiém can vao cac qua trinh héa hoc phirc
tap hon ciing nhu qua trinh sinh hoa khac, dong thoi co thé
két hop viéc thiét ké bo diéu khién ti uru (xem hinh 5) dung
trong cac ang dung van hanh thuc té (khi thiéu cac cam
bién do do chi phi cao hoac tro ngai ky thuat...).

Theo hudng nay, qua trinh san xuat cyclopentenol tir
cyclopentadiene [6] hay thap chung cat phan @ng dung
trong cong nghiép loc hoa dau/ming luong [10] s& dugc

xem xét va nghién cau.

Quatrinh S » >
Giam luong
cam bién
B9 diéu B¢ quan
khign K | (x’—sx) sat S’

—

Hinh 5. So' d6 hé c6 b diéu khién va bg quan sdt

TAI LIEU THAM KHAO

[1] Favache, A., Dochain, D., “Thermodynamics and chemical systems

(2]
(3]

(4]

(5]

(6]

(7]

(8]
(9]

[10]

stability: the CSTR case study revisited”, Journal of Process
Control, 19 (3), 2009, 371-379.

Bastin, G., Dochain, D., On-line estimation and adaptive control of
bioreactors, ELSERVIER SCIENCE PUBLISHERS, 1990.

Dochain, D., Perrier, M., Ydstie, B. E., “Asymptotic observers for
stirred tank reactors”, Chemical Engineering Science, 47 (15-16),
1992, 4167-4177.

Dochain, D., “State and parameter estimation in chemical and
biochemical processes: a tutorial”, Journal of Process Control, 13
(8), 2003, 801-818.

Hoang N. Ha, Couenne, F., Le Gorrec, Y., Chen, C. L., Ydsite, B.
E., “Passivity based controller and observer for exothermic chemical
reactors”, IFAC Proceedings, 45 (15), 2012, 377-384.

Hoang N. Ha, Couenne, F., Le Gorrec, Y., Chen, C. L., Ydsite,
B. E., “Passivity-based nonlinear control of CSTR via
asymptotic observers”, Annual Reviews in Control, 37 (2), 2013,
278-288.

Ali, J. Mohd, Hoang N. Ha, Hussain, M. A., Dochain, D.,
“Review and classification of recent observers applied in
chemical process systems”, Computer & Chemical Engineering,
76, 2015, 27-41.

Sandler, Stanley 1., Chemical, Biochemical, and Engineering
Thermodynamics. 4th edition. John Wiley & Sons, Inc., 2006.
Dochain, D., Couenne, F., Jallut, C., “Enthalpy based modelling and
design of asymptotic observers for chemical reactors”, International
Journal of Control, 82 (8), 2009, 1389-1403.

Luyben, William L., Process modeling, simulation, and control
for chemical engineers. 2nd ed. McGraw-Hill Publishing
Company, 1996.

(BBT nhdn bai: 06/0312017, hodn tdt thii tuc phdan bién: 29/03/2017)



