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MO HINH HOA THAP CHUNG CAT 2 THANH PHAN 3 TANG
CHO CONG NGHE DAU KHi

MODELLING THE TWO COMPOSITION — THREE STAGE DISTILLATION COLUMNS
FOR PETROCHEMICAL TECHNOLOGY

Nguyén Quéc Pinh
Trwong Pai hoc Bach khoa, Pai hoc Pa Nang; nqdinh@dut.udn.vn

Tém tat - M6 hinh qua trinh thap chung cét Ia mot mé hinh da bién,
tac dong xen kénh va tinh phi tuyén manh. Xay dwng mé hinh toan
thap chung cét 1a van d& quan trong trong viéc dua ra sach luogc
diéu khién phu hgp nhdm nang cao chét lwong hé théng thap
chwng cét. Bai bao trinh bay ket‘qua xay dung,mo hinh toan hoc
cua thap chwng cat 2 thanh phan dwa trén cau hinh LV va mé
phong md hinh toan hoc nay dwa trén phan mém Matlab Simulink.
T két qua md phong co thé nhan thdy anh hudng cla cac thanh
phan L, V dén cac thanh phan c4u tt trong thap chwng cét. Nghién
clru nay sé la tién dé cho viéc ting dung cac phwong phap didu
khién théng minh nham nang cao chét lwgng didu khién thap
chung cét 2 thanh phan.

T khéa - thap chwng cét; mé hinh hoéa; dong hoc; thanh phan;

phan tach.

1. Pit van dé

Ngay nay cling v&i su phat trién vuot bac cia nén cong
nghiép thé giéi va nude nha, cac nganh cong nghiép rat
can nhiéu hoa chit c6 do tinh khiét cao. Chung cat 1a
phuong phap dugc thuc hién dé phan tach hdn héa hoc
gom nhiéu thanh phan thanh nhitng dong san pham tinh
khiét hon. Su phan tach dya trén sy khac nhau vé “tinh
chat d& bay hoi” giita nhitng thanh phan hoéa hoc khac
nhau. Dé thyc hién duoc sy chung cit ngudi ta ding thap
chung cét. Cac ciu tir d& bay hoi (c4u tir nhe) dwoc roi di
khoi dinh thap, con cu tir khé bay hoi hon (cu tir ning)
duoc roi di tr day thap.

Chung cat dugc phan thanh chung cit nhiéu thanh phan
va chung cit hai thanh phan. Chung c4t nhiéu thanh phan
1a qua trinh phan tich hdn hop nhiéu chéat hoa hoc thanh
nhiéu dong san pham. Chung cét hai thanh phén 13 chung
ct co dong nguyén li¢u vao thap dugc tach thanh 2 dong
san pham Ngoai ra con phan theo chung cét lién tyc hay
chung cit theo mé.

Nghién ctru dong hoc dé xay dung md hinh toan thap
chung cit 1a van dé quan trong trong viéc diéu khién va
giam sat thap chung cit. Nhiéu cong trinh di nghién ctru
vé dong hoc thap chung cét, ké ca trong phong thi nghiém
va ca trong cac nha may. Theo [4], tac gid Dang Van Chi
(2012) da dé xuét giai phap dung mang neuron dé udc
luong ndng do thanh phan dinh thap, day thap va ving cap
liéu dé cho ra Xpva Ya. Ngoai ra, nam 2011, Asha Rani va
cs da str dung bd ude lugng Adaline va LM so véi két qua
thuc trong thap chung cit phan tng va chung cat nhiéu
thanh phan [5].

2. Xay dung mé hinh toin thap chung cit hai thanh
phan
Thiét bi dun s6i 1a mot bo trao ddi nhiét dat tai day thap,

Abstract - The model of distillation column process, actually, is a
model of multivariable, inter-channel effects and strong
nonlinearity. Modelling distillation column is important to provide
the most appropriate control strategies in order to improve
performance of distillation columns. This paper presents the
mathematical model of two composition distillation columns. The
simulation schema has been developed on the Matlab - Simulink.
From the obtained simulation results, we can see how the
compositions L, V affect other composition of distillation columns.
Moreover, this research results will be the first step for applying the
intelligent control methods, such as fuzzy, neural netwoks or GA,
to enhance the control quality of this kind of distillation columns.

Key words - Distillation column, modelling, dynamic, composition,
separation.

tai d6 nhiét dugc truyén vao dé hoéa hoi 1 phan chét long
cau tir nhe con trong dung dich tir day thap.

Thap chung cat hai thanh phan c6 ciu tao gdm 3 b6
phén chinh (Hinh 1): thi¢t bi dun so6i, than thap va thiét bi
ngung tu.
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Hinh 1. So do thap ching cat hai thanh phan

Thiét bi ngung tu 14 bo trao d6i nhiét dé hoa long hoi
101 khoi dinh thap. Chat l6ng tir thiét bj ngung tu roi xudng
bé chira san phim ngung tu. San pham dinh dugce roi di tir
bé nay. Mot dong chat long hdi luu dugce cép tro lai vao
dinh thap dé hoa long hoi cac ciu tir ning con lan trong
dinh khay.

Than thap du(_)rc‘ cAu tao tir c?ic khay, cac khu vuc ¢ gif;a
cac dia goi la cc tang. Danh s thr tu tir ddy thap “1” dén
dinh “N”, khay cap la F. Nhiing khay nay s& tao dicu kién
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cho céc cdu tir nhe & thé hoi di 1én dinh thap va céu tir ning

trong thé long di xudng day thap.

Bdng 1. Cac ki hiéu

Ki hiéu Nghia ki hi¢u
F Luu lugng dong nap liéu (kmol/ph)
zr |Phin mol cta hop chét nhe trong dong nguyén liéu
nap (%)
D  |Luu luong dong san pham dinh (kmol/ph)
B Luu lwong dong san phdm day (kmol/ph)
N S dia ly thuyét
Ln, Vi |Téc d6 dong mol toan phin ctia pha 16ng va pha hoi
twong ung khi rdi khdi dia N (kmol/ph)
xp  |Phin mol chit nhe trong sin pham dinh (%)
xg  |Phin mol chit nhe trong san phim day (%)
Xi, yi |Phin mol hop chét nhe ctia pha long, pha hoi trén dia
thtr i (%)
L  |Dong hdi luu ¢ dinh thap (kmol/ph)
Dong hoi hdi Iuu vao day thap (kmol/ph)
Mi |Luong chit 16ng dong lai trén dia thir i (kmol)

Dé don gian trong viéc mo ta hé thdng, ta dua ra cac gia
thiét sau (Cac gia thi¢t nay khong lam anh huéng dén tinh

téng quat mé hinh hoa thap chung cit):

e (Cac dia loc trong thap lam viéc voi hiéu sudt 100%.

e Luong long trén dia khong thay ddi trong ché do
qua do.

e Chat 1ong trong thap & nhiét do soi, hoi & trang thai
bao hoa.

e Chung cat duge thuc hién trong diéu kién can béng
pha long - hoi.

e Ton that nhiét tir thip ra moi truong xung quanh

duogc bé qua.

Phwong trinh toan & trang thai xac lap [1], [3]

0 trang thai can bang pha, nong d6 thanh phan phai
duogc can bang trong ca pha hoi va pha long:

K;

yifr =xE (1)
Hing sb can bang pha:
-4 2)
X:

1

Nhiét d§ ¢ day thap théa man phuong trinh:

N, N,
D K =)y =l (3)
i=1 i=1

H¢ s6 bay hoi twong doi dugc ding dé danh gid kha
nang phan tach cia céc cau tu trong cong doan chung:

Y /x.
ay =~ 4)
Vi ! %
Phuong trinh cin bang vé ndng d6 thanh phan:
Fzp = Dxp+ Bxg (5)

Cac phwong trinh toan dong hoc

Phirong trinh cdn bang khéi leong tai cdc dia
Tai thiét bi ngung tu:
dM
dt
Tai dia thir n trén cung:
M,
dt
Tai dia tht i bat ki:
dM,;
dt
Tai dia cap liéu F:
% =V, -V, +L,,—L+F
dr Ve e f+1 A
Tai dia & day thap chung cét:
dM,
dt
Tai ndi tai dun:
dM
dt
Phirong trinh cdn bang vé nong dé thanh phan

=V, —(L+D)

:Vn—l _Vn +L—Ln

=Via-Vi+Li,-L

=Vy-N+L, -1

=-Vy+L -B

Tai thiét bi ngung tu:
dM pxp

dt
Tai dia thit n trén cuing:
dM ,x,

dt
Tai dia thtr i bat ki:
dM ;x;

dt
Tai dia cap liéu F:
am ;x,

dt

= Vnyn _(L+D)XD

= Vn—lyn—l Vo +LXD —-L,x

n-'n

=V Yo —Viyvi + L X — Lix;

i+1

Tai dia & d4y thap chung cét:

dM  x
d; L= Vgyg —Viy +Lyx, —Lix,
Tai ndi tai dun:
dM ,x
B8 — Yy yp +Lix, — By
dt
Tur cac phuong trinh trén, ta co:
d(M;x;) :Miﬁ+xi dM,
dt dt dt
=L X = Lix; + Vi v =V,
Do dé:
dx,; 1 d(Mixi)_x dM;
dt M, dt bodt
dx; 1
—=—(L_x..,—Lx+V,_y,_,—V.y,
dt M( T+17Vi+1 Vi i-1Yi1 lyl)

1

1

1
_V(L'Hxi —Lix; + Vi x; = Vix;)

i

(6)

(7

®)

€))

(10)

an

(12)

(13)

(14)

=V =VyyetLpaXpa—Lpxp + 1z,

(15)

(16)

amn

(18)

(19
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Tir déy ta c6 phuong trinh toan hoc tong quét cua thap
chung cat:

dX
—=fX,U
7 f(X,0)
Y =g(X,U)
Trong d6:

(20)

Bién trang thai: X = [xs, X1, X2, ..., Xx, Xp]T

Vécto dau vao: U=[L V]*

Vécto dau ra: Y =[xp, xa]"

M0 hinh toan thap chung cét hai thanh phin 3 ting

6] d‘éy, bai bao minh hoa mdt thap cl}ung cat don gian
VvOi 3 tang va nghién clru cac nguyén tac co ban cia mod
hinh ddng hoc cta thap 3 tang nay.

Chuing ta tach 2 thanh phan ap suat khong ddi va gilr
hoi ¢ mirc cao khong dang ké, didu khién hoan hao vé muc
bang cach stir dung cau hinh LV, dong chay toan bo khong
doi (thay cho can bang ning lugng), can bang long — hoi
clia tt ca cac ting, bo qua dong chay dong hoc trong thap.

Tu phuong trinh (4), ta c6:

B ax
1+(a-1)x

Ap dung khai trién Taylor dé tuyén tinh héa phuong
trinh (4):

21)

M _ o a
Ay (A+(a=-Dx)

1 (+(a-1)x) 22)
Ay, _ a

—_2 ~ kz
A, (I+(a-1)x,)

Cic phuong trinh trang thai ciia thap chung cit hai
thanh phan c6 3 tang nhw sau:

Thiét bi dun séi day thdp:

dx,

MI?ZLZXZ —Bxl _I/lyl (23)

Trong do:
IL,=L+F
V1:V
B=L+F-V

d
M, ;t‘ = (L+F)x, —(L+F-V)x, -, (24)
Pia cdp liéu:
d
M, ;‘2 = Fz +Vyy, + Lyx; —
t

Vv, = Lyx, (25)

Trong do:
L,=L+F
;=L
V1= Vz =V

d
M, % = Fzp+Vy +Lx,—Vy, —(L + F)x,  (26)

Thiét bi ngung tu:

dx3

M;— % =V,y, —Lyxy — Dx4 27
Trong do:
L;=L
D=V-L
M, Ciz’xt =Vy, —Vx, (28)

Ap dung phép khai trién Taylor va két hop phwong trinh
(22), tuyén tinh hda cac phuong trinh trén:

Ml‘gl (~B=Vhky )&%, +(L+ F)AY, +(x, -3 )AL
+(x; = y)AV +(x, —x))AF

MZ%z VigAx) —(L+ F +Vky )Axy + LAX;
+ (3 =X, )AL+ (y, =y, AV
+(zp —x))AF + FAz

M, % =VkyAx, —V AXy

yi, Xi, Li, Vi 1a cdc gia tri 6 trang thai 6 on dinh cua hé tai
thoi diém hoat dong thir i. Va bang cach viét x thay cho A
x, mo hinh trang thai cta thap & dang vi phan:

% =Ax+Bu+Ed
dt (29)
y=Cx
Trong do:
x =[x1 x2 x3]" 12 bién trang thai;
= [L V] 14 bién dau vao;
y =[ xp xa]"1a bién dau ra;

d=[ F, zr ]" 1a nhiéu ctia mé hinh.

Cac ma tran:
(-B-Vk)/ M, (L+F)/ M, 0
A= Vk, I M, (-L-F-Vky))/M, LM, |
0 Vi, | M4 -V /M,
_(xz_xl)/Ml (v —n)/ M,
B=|(xy—x,)/ M, (y=»,)/ M, |;
10 0
[ (x,—x)/ M, 0
E=|(zy—x,)/M, FIM
10 0
C:'o 0 1
1 00

3. Mé phong hé théng thap chung cét hai thanh phin 3
tang

Tur hé phuong trinh (29) ta xdy dung md hinh thap
chung cat hai thanh phan 3 tang nhu Hinh 2.
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nay dugc xac dinh trén mé phéng Matlab - Simulink).
— o in1 0o ung i pran x0, 8 cua tep
-
[ | P In2 xD g
- 2
1 P In3 ¢
1 e 1N xB e
zF

Thap chung cat
Hinh 2. M6 hinh thdp ching cdt hai thanh phén 3 ting

Céc dit lidu v& thap duoc ldy tr nghién ciru cua
Sigurd Skogestad [2] vé dong hoc va di€u khién thap
chung cat.

Bing 2. Cac tham s6 mé hinh cia thdp chung cat
hai thanh phan 3 tang

N[Nt|[Nr| F|[Zr| o [ D|L |V |xp|xB]|M
2 3 2 1 {0510 ]0.5(3.55(3.55/09]0.1( 1

Bing 3. Cdc dit liéu thanh phan 3 tang & trang thdi cdn bang

cua thap
Téng 1 Li Vi Xi yi
Binh ngung 3 ]3.05 0.9
Pia cip lidu 2 | 405 355 | 04737 0.9
Noi hoi 1 3.55 0.1 0.5263
Két qua mo phong véi d =[1, 0.5]7, u=[3.05, 3.55]"

Nhan xét két qua m6 phong: Tir dap ung thanh phan XD,
Xp clia thap chung ct nhu trén Hinh 3, ta ¢6 thé thay rang
xp, xp 4 nhanh chong tién dén gia tri xac 1ap véi sai s6 nho
nam trong pham vi cho phép (< 5% gia tri xac lap, sai s6

Hinh 3. Pdp ting thanh phan xp xs ciia thdp chung cdt

4. Két luan
Tt nhirng nghién ctru vé nguyén ly hoat dong, dong hoc

cua thap chung cat hai thanh phan, ta da xay dung dugc mo
hinh toan cho thap chung cat thanh phan gom n dia ly
thuyét va tir d6 dua ra cau hinh LV cuy thé cho thap chung
cat hai thanh phan 3 tang,

_ Thyc hi¢n mé phong thap chung cét hai thanh phan 3
tang cho thay thanh phan cau tir xp va xp thay doi theo dong
phan hoi L va V.
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