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XAY DUNG MO HINH PIEU KHIEN CHO LO PHAN UNG LIEN TUC CSTR
(CONTINOUS STIRRED TANK REACTOR)

BUILDING CONTROL MODEL FOR CONTINUOUS STIRRED TANK REACTOR
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Toém tat - Nhdm tao san phdm dau ra cho 6 phan tng lién tuc
(CSTR — Continuous stirred tank reactor) dam bao chét lwong va
nang suét theo ding thiét k&, ta can phai diéu khién cac qua trinh
héa ly theo ding yéu cau cong nghé. Cac qua trinh héa ly cla 1o
phan (rng c6 quan hé phi tuyén, xen kénh rét phrc tap. Khi thiét ké
I6 phén (rng ngudi ta can phai xay dwng qua trinh déng hoc va md
hinh diéu khién, ttr 36 mai hiéu chinh lai thiét bi cong nghé. Chinh
vi didu dd, trong bai bao nay, tac gia xay dung cac mé hinh diéu
khi&n 16 phan (rng CSTR, md phdng bang phadn mém MATLAB
SIMULINK va kh&o sat né véi tirng qua trinh can bang khéc nhau
tac dong: can bang khéi lwgng, can bing thanh phan, can bing
nang lwong, can bang nhiét qua jaket (vd lam mat) va can béng
mirc chat tham gia phan (rng. Viéc nay gidp cho qua trinh thiét ké
va diéu khién 16 phan (rng tao ra san pham chinh dat chat lwong
va hiéu suét cao.

T khoa - 16 phan (ng lién tuc; phi tuyén; can bang nang lvong;
can bang thanh phan; can bang khdi lwvgng.

1. Bit van dé

Céc nghién ciru trude day vé 16 phan tng lién tuc CSTR
méi chi xét cac qua trinh hoa ly riéng r€, chua mang tinh
téng quat. Trong khi trén thuc té, cac qua trinh cin bing
xay ra trong 10 phan tng 1a ddng thoi va bién dbi lién tuc,
phirc tap. Mot s6 nghién ctru lai 1y tedng hoa mét sé yéu td
tac dong vao 10 dé dua ra bo diéu khién. Diéu nay dan dén
viée diéu khién 16 phan tng trén thuc té 1a khong chinh xéc.

Trén Hinh 1 mé ta mot 16 phan ung lién tuc thu nhiét
gdm c6 binh phan tmg héa hoc nhin nguyén liéu dau vao
v6i luu luong Fi, ndng d6 Cao, nhiét d6 T:. D41 v6i 16 phan
{mg gia nhiét, nguoi ta cap cho 10 phan mg mot nhiét ning
thong qua vo 10 (jaket) co thé tich Vj, nhiét 4 cua dong gia
nhiét vio jaket 1a Tj;, khi ra khoi jacket 1a T;. Dé dong déu
hop chit ta ding mot thiét bi khuay tron. Khi nhan nhiét do
thi phan (g xay ra, va tai dau ra ta nhan dugc san pham
¢6 luu luong F, nf‘)ng d06 Ca.

Fi, T1, Cao

T, Ca

Fa, Ca
Fj, Tj1 ] —>
—S Jacket Vi, T;

Hinh 1. Lo phdn iing khudy tron lién tuc CSTR

Abstract - To create quality outputs and hjgh productivity of CSTR
(Continuous stirred tank reactor), we must control the chemical and
physical processes in accordance with technology requirements.
Chemical and physical processes of the reactor have nonlinear
relationships and complex inter-channel. When designing reactors
we need to build the dynamical and control model inorder to re-
calibrate technology. equipment Because of this, in this paper the
authors build a control model for Continuous stirred tank reactor,
simulated by MATLAB SIMULINK software and survey it with each
different balance effects: the mass balance, component balance,
energy balance, heat balance over jaket (shell cooling) and the
level of reactant balance. This makes the design and control
process of reactors generate major quality products and high
productivity.

Key words - continuous stirred tank reactor; nonlinear; energy
balance; component balance; mass balance;

2. Pong hoc 16 phin tng lién tuc CSTR ¢6 khudy trén

Gia thiét trong 16 phan ng:

- H?)n hop trong 10 phan tmg 1y tudng, gradient nong do
(d6 tham thau) trong binh ¢ moi vi tri 1a nhu nhau (do
khuay trgn lién tuc) va nong do trong 1o phan Gng giong
nhu nong do dau ra.

- Mat d6 ctia chat 1a nhu nhau trong qué trinh phan tmg
va khong phu thudc vao nong dg cua cac thanh phan va
nhiét do.

- Phan g cua qua trinh 1a bac nhét trong thanh phin
A, toc d6 phan ung dugc mo ta bang » = kC7 (a la bac cua
phan Gng, chon a = 1).

- Hé s6 truyén nhiét Kr 1a khong doi.

2.1. Phuong trinh cin bang khoi lwong

Theo [1] ta co:

Bién thién khdi lugng trong 16 phan img bang khéi
lugng dau vao tru di khoi lugng dau ra:

dm
E =W -W, (1)

Trong do:

m: khéi lwong chat trong phan tng (kg);

W' Luu lugng dau vao (kg/s);

Wa: Luu lugng dau ra (kg/s);

V- thé tich 16 phan tng (m3);

p: khéi luong riéng san pham (kg/m?).

m= pV;tacd: d_m = d(pV)
dt dt

=W, - W, 2

Gia thiét p 1a hang sb ta co:
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dv
IDE=VVI—W2 (3)
v 1
o (W-W)=F-F @)
dt
Nhu vay: C;—It/= 1 —F (5)

F Luu luong thé tich chit dau vao (m3/s);
F>: Luu lugng thé tich chat dau ra (m?/s).
2.2. Phwong trinh cin bing thanh phan
‘The(’) [2], 4p dung dinh luég bao toan vat ’chét cho thanh
phan chat A trong phan g, bicn thién vat chat trong 16 phan
ung bang cac thanh phan vat chat mang vao trir di thanh phéan
vét chit mang ra va cac thanh phan tham gia phan tng:
d(VCy)
dt
Véi: Ca 12 ndng d6 thanh phin diu ra cia A.

= FCiy—FCs—VkC, (6)

Cao 12 ndng d¢ thanh phan dau vao ciia A.
dv dCA

Cy E " = FCy —FCy —VkCy (7
Thay (5) vao (7) ta dugc:
dc
v ; =FCu—FCi—VkC,—Ci(F—-F)  (8)
dc
14 t“ = F(Cyp—Cy)-VkC, 9)

. -E Lz
Voik =k(T) =kyexp (EJ 1a hé s0 toc do phan ung,

ta dugc phuong trinh can bang thanh phan cua phan tmg:
dcC
V A

o= F(Cao—Ca)—koe "'*VC, (10)
2.3. Phwong trinh cin bing ning lwong
Theo tai liéu [1], [2], [3]:
dE
E=¢)+\N1h1—W2h2+Q (11)
Véi E 1a nang lugng ctia phan ung (J):
E=mu (12)
@ 1a cong suat nhiét cip vao 16 (J/s):
O =Kz AT—-Tu) (13)

Trong do:

- K71 14 hé sb truyén nhiét giira 16 va vach ngan (W/m2K).
- Twm 1a nhiét do vach 1o (K).

- T 12 nhiét 6 chit tham gia phan tng (K).

- Q la nhiét cia phan tng:

E
= koexp(—)VAH 14
0 = koexp( RT) ‘ (14)
Thay (13) va (14) vao (11) bién déi ta c6:
phuong trinh nhiét d chat tham gia phan tng:
dE _ d(mu) =mﬂ+ dm pVﬂ-i-ude
dt dt dt dr dt dt (15)

= Fph —Fphy + Ky AT =Ty, ) + AHVEkpe %0 C,,
Gia thiét dung dich dugc déng nhét, ta co:

h = C,T 1a enthanpy riéng phan diu vao.
h, = C,T; 1a enthanpy riéng phan 16 phan tmg.
C, nhiét dung riéng dang ap.
u=C,T
dm _ d(pV), du pVde_T
dx dt dt dt
Giai (15) két hop véi (5) ta co:

(16)
a7

=FpC, T —F,pC,T + AHVkOe’E/(RT)CA
—pC,T(F-F)+K; A(T-Ty)
Rt gon ta duge phuong trinh cin bing nang lugng nhu sau:

d—T:ﬂ(T T)+ AH ke—E/(RT)CA+ KTA (T TM)(19)

dt pC, pC,V
2.4. Ciin bang nhiét qua jaket (vé lam mdt hodc gia nhi¢y)
Ta c6 ba qua trinh nhiét:
+ Qua trinh nhiét 16 phan ung.

dr
C,V—
P (18)

+ Qué trinh truyén nhiét gitra 16 phan tmg véi vach ngin.
+ Qua trinh truyén nhiét giita vach ngin va Jaket.
Ta c6 phuong trinh c4n bing nhiét Jaket:

dT
PiCyV; Tt/ =F;p;Cp (T = T)) + K2y (Ti =T ) (20)

Cén bang nhiét qua véch 10:

dTy

PuCort Vi —— = = Kn 4 (T =Ty )= Krod(Ty —T)) (21)

Trong do:

.- Cour, Vi 12 khi lugng riéng, nhiét dung riéng va
thé tich cua vach ngan; p;., C,;,V;1a khdi lugng riéng, nhiét
dung riéng va thé tich cia moi chat mang nhiét nang, Kr 1a
hé s6 truyén nhiét giita 16 va vach ngin, K7, 12 hé s6 truyén
nhiét gitra vach ngan va jaket.

2.5. Phuong trinh diéu khién mirc
Theo [1], khi diéu khién luu luong ra F, ding van:

dv
Tu phuong trinh (5): ’ =h-F

FZ = Cvmaxm% Ea
V 14

Véi: m% la hé sb didu khién van,
v 1a thé tich riéng moéi chat (m’/kg),
Cumax 12 d0 dan cuc dai ctia van khi m% = 100% (m?),
AP 1a chénh ap (Pa).
bat h 1a mirc dung dich trong 16 phan ung tinh theo %,
do dién tich day 16 khong d6i, nén ta co:

dh

Vmax E = E - Cvmaxm%V k.h (22)

k 12 hé s6 quy d6i thir nguyén (m*/s?).
3. Phan tich qua trinh phan dng Khuéy tron lién tuc CSTR

3.1. Bién qud trinh, béc tw do

Gia thiét bo qua qua trinh truyén nhiét qua vach 10, cong
sudt hoi vo cung l6n nén khong xay ra sy chuyen pha
(pj khong dbi).
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Nhu trén, ta da xay dung‘ duoc mo hinh toan hoc cua 1(‘3
phan tng CSTR, m6 hinh gom 5 phwong trinh vi phéan thé
hién moi quan h¢ gitra cac dai luong déc trung cua qua trinh
v6i cac tham so cong nghé:

- Phuong trinh cin bang thanh phan: theo (10) ta c6:

dC,

V di ZE(CA()—CA)—koeiE/(RT)VCA

(23)
- Phuong trinh can bang nhiét phan tmg: theo (19) ta co:
PCPV% = FpC, T — FpC,T +AHVikoe F'*VC,

—pC,T(F —F)+KnA(T-Ty)

- Phuong trinh can bang nhiét jaket: theo (20) ta co:
dT,

24)

p;iCyV; th =F;p;iCpi (T =T;) + K24y (Tis =T ) (25)

- Phuong trinh can bang nhiét qua vach 16: theo (21) ta c:
dT,
PuCoriVir 7;4 =Kn4 (T =Ty )= KroA(Ty —T;) (26)
- Phuong trinh cin bang mic: theo (22) ta cé:
dh I
Vmax E = E - Cvmaxm% kh (27)
CAOl Tp Ty Fl

F>

n | Lo phan tmg — T(Ca)

i BN ——» h

Hinh 2. Bién qud trinh trong 16 phan ing CSTR

Qua phan tich ta thiy hé thong c6 tong cong 11 bién
qué trinh & Hinh 2, gdm 2 bién ra khong can diéu khién
(nhiét d jacket T; va nhiét d6 vach 16 Twm), 2 bién diéu
khién (1a luu luong Fs va Fy), 4 bién nhidu (1a Fy, Cao, T1,
Tj1) va 3 bién can diéu khién h, T, Ca (trong d6 Ca khong
do truc tiép ma tinh theo quan h¢ véinhiét d T). Qua trinh
¢6 tAt ca nam phuong trinh dong hoc ddc 1ap. Sé bac tu do
clia qua trinh 14 11-5=6, diing bang sb bién vao (2 bién diéu
khién va 4 bién nhiéu). Nhu vy mé hinh di d¢am bao tinh
nhét quan.

3.2. Phan tich tinh chit dpng hoc ciia l6 phdin irng khudy
trgn lién tuc CSTR

Xét tinh phi tuyén cua mach vong mirc: theo (22) ta co:

Vmax % = E - Cvmaxm% \ kh (28)

Ta théy phuong trinh nay phi tu}{én do c6 ham can béc
hai ctia bién can dicu khién va bién can diéu khién nhan vdi
bién diéu khién.

Xét tinh phi tuyén ciia ndng d¢ dau ra Ca theo nhiét do
16 phan ung T

Phuong trinh can bang thanh phan ciia 10 phan tmg (10) 1a:

dcC,

v 0 = F(Cao—Cy)—koe "' *0VC,

(29)

Gia thiét mach vong muc tac dong nhanh so véi mach
vong nhiét do, nén c6 thé coi V khong ddi, ta chi xét anh
hudng cua nhiét do T dén néng do dau ra Cx cua 1o phéan
tmg. Khi d6 ndng d6 dau ra cua 16 phan tng chi phy thugce
vao nhiét d6 16 phan tmg theo tdc do phan tmg.

Ta c6 toc d6 phan tng cta 10 phan g khudy tron lién
tuc CSTR bac mot la:

k=k(T)=ko exp(;—ij

Ta thay ring nong d¢ dau ra ciia 10 phan tng C.phu
thudc vao nhiét do 10 phan ung T theo ham exp d6 thi sy
phu thudc cua C, theo T ¢6 dang Hinh 3:

k(T)

(30)

c,

T

T

Hinh 3. D6 thi sw phu thudc cua C 4 theo T va k(T) theo T

Ta thay rang sy phu thudc ciia C, vao T 1a mot ham phi
tuyén (ham exp) do d6 su thay d6i cua T s& lam bién thién
C, theo mgt duong dac tinh riéng. Khi nhiét d§ T tang thi
nong do dau ra C,, giam rat nhanh nhung khi dat gia tri tiém
can (can bang thi di cho nhiét d6 c6 tang thi C, cling khong
tang. Vi vay dé thu dugc thanh phin nong d6 dau ra theo
yéu cau thi ta phai gitr nhiét do cua 16 phan tng & mot nhiét
d6 cb dinh hay duong dic tinh cua 16 duge ¢b dinh.

Néu khi truyén nhiét hoi c6 ngung thi p; thay ddi
phuong trinh truyén nhiét 1 phi tuyén.

4. Mo hinh 16 phdn tng CSTR

Xay dung mo hinh chi tinh dén qua trinh nhiét trong 10
(b6 qua qua trinh truyén nhiét qua vach 1o vi thé tich cua
vach 10 1a khong dang ké). Dua theo [4] ta c6:

- M6 hinh téc d6 phan tng ko. exp(-E/RT), Hinh 4.

- M6 hinh qué trinh can bang mic, Hinh 5.

- M6 hinh qua trinh can bang thanh phéan, Hinh 6.

- M6 hinh qua trinh c4n bang nhiét phan tng, Hinh 7.
- Mo hinh qua trinh can bang nhiét qua jacket, Hinh 8.
- So @6 md phong 16 phan tng, Hinh 9.

-E ke u
. N NG,
Constant1 > E/
Divide Math exp(E/RT)

Function

§ _‘—>
Constant

[
Ll

Product

X

Hinh 4. M6 hinh téc dg phdn immg
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Divide

Cv

Hinh 5. M6 hinh qud trinh cdn bang mirc

Integrator

Subtract

Integrator

SplERT)

>

g

Subsystern

Productt

Hinh 6. M6 hinh qud trinh cén bang thanh phan

Product!

T

Hinh 8. M6 hinh qud trinh cdn bang nhiét qua jaket

Bing 1. Théng s6 16 phan g CSTR

Ky hiéu Dién giai Gia tri /Don vi

Fi  |Luu luong dong chét d4u vao 0,005 m*/s
Cao |Ndng do chét A ¢ diu vao 800 kg/m?
Ca  |Nong do san pham 200,1 kg/m?
Vi |Thé tich jacket 3m?

K [Hé sb toc do phan ting 18,75 57!

Q  |Nang luong kich hoat cho phan ung 30 kJ/mol

Ti  |Nhiét do cht diu vao 353K

T  |[Nhiét d6 chit sau phan ing 413K

Cp  |Nhiét dung riéng san pham 1,0 kJ/kg. K
R |Hing s6 khi Iy tuong 0,008314 kJ/mol.K
AH  |Nhiét cuia phan tng 5,3 kl/kg

U |NOi nédng riéng 75 J/kg

A |Dién tich truyén nhiét 10 phan (g 0,007m?

p  |Khdi lwong riéng san phim 800 kg/m’
pi  |Khdi luong riéng hoi cép cho jacket 500 kg/m®
Ab  |Dién tich day 10 phan ung 2,5 m?
I e
cv h w10
- F1 h
F1
=
CAD
=
T
= T
Tj1
T T p
T
ki

Hinh 9. So @6 mé phong 16 phan vmg
e Két qua md phong khi chua c6 bo diéu khién:

M6 phong qud trinh cdn bang mirc:

bl oo

] o 000 o0 " 0 w00 500 10000

Hinh 10. D6 thi mirc h

Thoi gian md phong 1a 10.000s. Ta thiy ban dau gia
thiét mirc h(0)=1,8m, khi murc chat long trong binh tang
dan dat den gia t{i cﬁr} béng‘ho, luu lugng chat dau vao va
luu lugng san pham dau ra bang nhau: F = F, = 0,005 m¥/s.

M6 phong qud trinh cdn bang thanh phan va cdn bang
nhiét phan tng:

Khi muc h dat trang thai can béng, thé tich V ctia hdn
hop san pham khong thay doi (V=Ahy=2,5x2=5m?), xac
dinh diém lam viéc ctia nong d¢ Ca va nhiét do T.

ehishghuyenCa
T T T 1

| [ 1 L |
0 02 04 0 1] 12 14 [ 18 1

Tima (Ssconcs) o

Hinh 11. D6 thi nong d¢ thanh phan dau ra (Ca)
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Ta thiy gid tri Ca gidm dan tir gi4 trj ban dau Cao dén
gid tri can bang Ca() = 200,1 kg/m’.

Nhiet de (K]

Thoi g:an (s)
Hinh 12. D6 thi nhiét @6 1o phan vmg (T)

Nhiét d6 T ting dan tir gia tri ban dau T, = 353K dén
gia tri can bang T = 414K.

Tw l§ét qui md phéng ta c6 nhn xét: Cac tin hiéu thu
dugc the hién sy bién doi tuong d(}i cham cda qua trinh. Cy
thé, qua trinh dat trang thai can bang sau khoang thoi gian
tr 6000s. Tuong ng v6i sy thay doi cua nhiét phan ing T
1a su thay doi ctia thanh phan Ca. Tin hiéu T tang dan (theo
dung ban chat dong hoc cua qua trinh phan tng thu nhiét),
tir gia tri ban dau T dén gia tri can bang T (o). Tin hi¢u Ca
giam dan tir gia tri ban dau Cao dén gia tri can bang Ca).

M6 phong cdn bang nhiét jacket:

- Tai diém lam viéc, Q khong dbi va bang 224,1(kw),
Ty =413K, suy ra gia tri tai diém lam viéc cuia nhiét do

dong nhié¢t Jaket la: Tj(o) 450K.
475 T
T
470 - U WU S SN S S U S
465 - ------- Bl REnECE s SE LR R SRR s e
AB0 | emmm e s B s T B e S it —
=
% 456 oo T —
= 450 -nnn-- e = - = e Ty === = =
PRT-Y | R A s S S -
440 [ -t B —
435 0.2 0.4 0.6 0.8 i 2 1‘4 1.6 1.8
Thoi gian (s) x 10

Hinh 13. D6 thi nhiét ¢ jacket (T))

Nhén xét: Tin hiéu T; dao dong manh trude khi dat dén
trang thai 6n dinh, thoi gin dat trang thai can bang tuong
dbi nhanh (so v6i tin hiéu T va C), cu thé 1 sau khoang
tir 3000s ké tir thoi diém bét dau c6 kich thich dau vao tac
dong. O trang thai can béng, tin hiéu Tj c6 sy dao dong nhe
quanh diém lam viéc.

5. Két luan

Bai bao di xay dung dugc cic phuong trinh can bang
nhu phuong trinh cin bang khéi lugng, can bang thanh
phan, cin bang ning luong, cin bang nhiét cho 16 phan tng
lién tuc CSTR. Ttur d6 phan tich ddng hoc qua trinh trong 10
phan tmg khudy tron lién tuc. Pong thoi bai bao ciing da
xdy dung dugc mé hinh ddi twong, méd phong trén phan
mém MATLAB SIMULINK. Két qua mé phong thé hién
dung nhu 1y thuyét v& dong hoc qua trinh phan tng trong
16 phan ttng CSTR.

Qua phan tich cta bai bao ta thay ring 16 phan tng lién
tuc CSTR 1a mot mo hinh phi tuyen V6i sb luong tham sd
do va diéu khién 16n, cac tham s6 lai c6 quan hé chat ché
tac dong da chiéu, bién ddi phurc tap. Dé giai bai toan didu
khién phi tuyén 16 phan tmg ta can giai 2 bai toan sau: Bai
toan thir nhat d6 1a diéu khién mirc h theo luu luong san
pham dau ra F». Bai toan thir hai d6 1a diéu khién nhiét do
san pham dau ra T theo luu lugng dong gia nhiét Fj, thong
qua do6 gian tiép diéu khién ndng do Ca. Viéc giai hai bai
toan dong thoi 1a rat phirc tap vi cac quan hé 1a phi tuyén
v6i s6 bién nhidu 16n.
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