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Hoang Ngoc Ha*
Truwong Dai hoc Bdch khoa — Pgi hoc Qudc gia Thanh phé Ho6 Chi Minh

Nhan ngay 22 thang 6 ndm 2015
Chinh stra ngay 19 thang 8 nam 2015; Chép nhan dang ngay 20 thang 11 nam 2015

Tém tit: Moi qua trinh chuyén dbi vét chat déu tao ra entropy nhu dugc phat biéu boi nguyén ly
thtr hai nhiét dong hrc hoc. Pic tinh ¢b hitu nay 12 nén tang trong nghién ctru, n6 cho phép xem
xét biéu thirc ctia tc d6 phan tmg hod hoc nhu 12 ham phi tuyén cia lyc phan tmg hod hoc dwoc
biéu dién tren co sO cua dai lugng cudng tinh (4i luc hod hoc). Trén co s& do biéu thirc tuong
minh cta tdc d6 phan wng hod hoc dwoc riit ra va cho phép chi & né thude vé kiéu quan hé tic
dong khéi lugng téng quét hod. Dudi mot so diéu kién van hanh, h¢ phan ing c6 thé hoat dong voi
nhiéu trang thdi dimg. Tir ddy, ¥ tuong cho van d& diéu khién 6n dinh hod ta1 trang thai ca1 dat
mong mudn théng qua phuong phap Lyapunov ciing duogc binh ludn. Mot sé vi du dé xuat cho
phép minh hoa cdc khéi niém va két qua phét trién.

Tir khéa: M6 hinh todn hoc, tbc do phan (g, 4i luc hod hoc, entropy, phuong phéap Lyapunov.

1. Giéi thigu

Trong k¥ thudt héa hoc, nhiét dong luc hoc
dong vai tro trung tam cho viéc nghién ctiu va
khao sét cdc bién dbi ctia qud trinh héa hoc [1-
4]. Hai biéu dién co ban dugc xem xét trong
nhié¢t dong lyc hoc la biéu dién nang lugng va
biéu dién entropy. Mot mit, su thay ddi cua cic
trang thai (vi du nhu nhiét do, ap suat va n6ng
do cua cac cAu t) lién quan truc tiép dén céac
bién ddi ning lwong va entropy. Két qua 1a
nguyén 1y thtr nhat va thi hai cua nhiét dong
Iuc hoc chi phéi su van dong va xu hudng tién
trién cta céc trang thai qua trinh. Mit khéc, cic
hién tuong dac trung (truyén van va dong hoc
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phan tng) dang dién ra trong hé c6 thé duoc
giai thich va m6 hinh hoéa trén co s& cia nhiét
dong lyc hoc [2]. Hinh 1 md td m{t hé phan
mg m& téng quit dugc gidi han boi phan thé
tich vat Iy V va dién tich bé mat xung quanh
Q. Binh phan ting khudy lién tuc, cot chung cét
phan ung, binh phan tng dang 6ng va hé
khuéch tén/truyén nhiét trong vat liu... thudc
vé truong hop hé phan tmg mé tong quat nay.
Nhu vdy vé ban chit, cic hé phan ung héa
hoc thudc vé cdc hé nhiét dong lyc hoc ma dong
lyc ciia né dwoc md ta bang tap hop céc phuong
trinh vi phan thudng hoac phuong trinh vi phan
dao ham riéng trén co s¢ cic phuong trinh cin
bang vat chat, nang luong va dong luong [2, 4, 5].
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Hinh 1. Hé phan trmg m& tong quat.

Khdi niém nay bao gdm mot 16p ciia cdc hé
théng dong luc phi tuyén ma trong dé hién
tuong truyén van va truyén khbi déng vai trd
chinh, dac biét la trong cac hé qua trinh héa hoc
noi ma cic tic chat phan tng véi nhau dé tao
thanh san pham [6]. M6 hinh héa, phén tich on
dinh, quan sét, toi wu héa va diéu khién hé phan
g c6 pham vi mg dung rong bao gdm trong
cac linh vuc sinh-héa hoc, va cu thé hon trong
k¥ thudt moi truong, duoc pham, héa chat, thuc
pham va dau khi... Diéu khién qu4 trinh 12 mot
linh vuc ddc biét ctia ky thudt héa hoc va lién
quan dén viéc thiét ké cac bo diéu khién hoi tiép
tdc dong trén cdc bién dau vao ctia qud trinh (vi
du nhu tdc d6 dong chay ctia chét 16ng lam mat
trong thiét bi trao ddi nhiét hodc nhiét d6 ciia vo
4o trong thiét bi phan ung...) dé duy tri van
hanh qua trinh tai mot trang thai hoat dong
mong mudn (vi du nhiét do hay d6 chuyén héa
tdi uu...).

Trudng hop nghién ctru dién hinh théng qua
hé binh phan ung khudy 1y twéng lién tuc duoc
ldy 1am vi du minh hoa cho céc phat trién ciia
bai bdo. Binh phan ung khudy 1y tuéng lién tuc
thudc vé mot 16p dac trung ctia cic hé théng
dong lyc phi tuyén duoc mod ta boi cic phuong
trinh vi phan thuong [4, 5]. Dudi mot sé diéu

kién van hanh, hé cé thé boc 10 céc ung xu
phirc tap, ching han, binh phéan tng c6 thé hoat
dong v6i nhiéu diém cén bang dimg do cic
quan hé ciu thanh (phuong trinh truyén nhiét va
ddng hoc phan tmg héa hoc...) va cic bién doi
bat thuan nghich cta mién vat chit va nhiét [7,
8]. Hé qua 1a n6 dat ra mot s6 kho khan va thir
thach khoa hoc thd vi (nhu do hé rat nhay véi
cdc tac dong cua nhiéu va sai sb. . .) cho bai toan
thiét k&, van hanh va diéu khién. Van dé thoi su
nay di duoc nghién ctru trong nhidu nim qua va
mot s& két qua da cong bd trong cdc 4n phdm
khoa hoc ctia nhiéu nhém tic gia trén thé gidi
[9-12]. Ly do dé diéu khién hé phan ung dang
dé cap la xuat phat tir thyc té ring cdc binh
phan tng héa hoc ¢6 thé phai dugc van hanh &
trang thai hoat dong khong 6n dinh vong hd ma
& d6, hé boc 10 mot sb tinh nang tdi wu (vi du, &
diém hoat dong nay qua trinh phan tmg 12 tu
nhiét v&i nhiét 6 va do chuyén héa chip nhan
duoc...) [13]. Nhiéu phuong phdp luédn diéu
khién di dugc phét trién dé on dinh héa hé
thdng phan tng dang dé cap. Chiing ta c6 thé
trich dan, vi du, [8] cho bai ton diéu khién véi
rang bugc bién diéu khién, diéu khién tich phan
ti 18 PI [14], diéu khién dya trén phuong phép
Lyapunov tryc tiép [15] va gan day, phuong
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phidp phin tich va diéu khién dya trén
Lyapunov nhi¢t dong luc hoc [11, 16-24],
phuong phap Hamilton cho bai to4n diéu khién
dwa trén bi dong [10, 25-28], phuong phép diéu
khién bién dang ning luong/cong suit [7, 9, 12]
va diéu khién kiém ké [29, 30, 31].

Bai bdo nay tap trung nghién ctru xay dung
md hinh todn, khao sat dac tinh dong lyc hoc
clia qué trinh va huéng dén viéc diéu khién né
dua trén cac tinh chét nhiét dong luc hoc Xuét
phét tor nguyén 1y thir hai ([1, 11, 17, 24] va
[32-37]). Piém méi va déng gop chinh cua bai
bdo 1a dé xuét viéc st dung dai luong cudng
tinh trong viéc mé hinh hod phan bién déi vat
chét (dugc dac trung béi tdc dd phan tng hoa
hoc) thay cho dai lugng quang tinh nhu da thyc
hién trudc day [24]. Luu ¥ ring trong 1y thuyét
nhiét ddng luc hoc, cac dai luong cuong tinh (vi
du nhiét do va ap sudt.. .) 1a céc dai luong dé do
luong hon so véi cic dai lugng quang tinh (vi
du ndng lugng ndi nang, entropy...). Nhu viy,

uu diém cta phuong phép nghién ciru dé xuat
1am cho né dé& thuc hién hon khi trién khai trén
céc ing dung qué trinh thyc t& voi cic cam bién
(sensors) duogc trang bi [38].

Bai bdo duoc td chitc nhu sau. Phan 2 mo
hinh hé binh phan tmg khudy 1y tuéng lién tuc
va céc cédch biéu dién phuong trinh ty lwong cia
mang phan tng sinh hod hoc dugc dé cap. Phan
3 nhic lai mot sé khai niém nhiét dong luc hoc.
MBO hinh toén thiét bi trong co so nhiét dong luc
hoc sau d6 duoc gidi thiéu. Phan 4 hoan thién
md hinh todn cua thiét bi khi biéu thic tuong
minh cua toc do phan g hod hoc théng qua
Iuc phan tng duogc rit ra dua trén tinh chét xéc
dinh khoéng 4m cua toc do san sinh entropy tir
nguyén ly thir hai nhiét dong luc hoc. Phan tich
dong lyc qua trinh va hudng dén bai toan diéu
khién sau d6 dugc xem xét. Bén canh dé, mot
$6 vi du dugc cho dé minh hoa két qua.

Trong bai bdo nay, cic ky hi¢u dudi day
duogc sur dung:

Ky hiéu Y nghia Pon vi
h, Enthalpy mol dong vao ctia cdu tir i J/mol

h, Enthalpy mol riéng phan ciia ciu tir i J/mol

T Nhiét ¢ tuyét doi K

ym The hod cua cau tir i trong dong nhap li¢u J/mol
U, Thé hod cua cdu tir i J/mol
Sy Entropy mol dong vao clia ciu tir i J/K/mol
S; Entropy mol riéng phan ctia cau tir i J/K/mol
F, Dong mol mang cau t&r i vao thiét bj mol/s
F, Dong mol mang céu tir i dira mol/s
N, S6 mol cua ciu tir i vao thiét b mol

N, S6 mol ca cau tir i mol

N, Téng sf:) mol dong nhap liéu mol

N Tong s6 mol N mol
m,, Khéi lu’(jng tong cong cua hon hop phéan tng g

R Hang s0 khi 1y tuéng J/K/mol
Ay Ai luc hod hoc J/mol
rv Tbc &6 phan tmg mol/s
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Ngoai ra do sy hd trg han ché cua Matlab &
Simulink v&i ngdn ngit tiéng Viét, mot sd thuat
ngit khoa hoc tiéng Anh (nhu Molar number/Sé
mol va Temperature/Nhiét d9...) s€ duoc s
dung truc tiép dé thuan loi cho muc dich trinh
bay, ddc biét cho phan chi thich cia két qua
duoc biéu dién trong cac hinh v& va d6 thi két qua.

2. M hinh thiét bi phan img khuiy tron lién
tuc

Xét md hinh mot binh phan tng khudy 1y
tuong lién tuc nhu trén Hinh 2 ma trong dé
dang dién ra mot phan ung héa hoc thuan
nghich ctia 7 ciu tir tich cuc S, i =1K ,n véi
phuong trinh ty lugng tong quat nhu sau [10,
35, 37, 38]:

T
a8, +a,S, +K +anSn<;>ﬁSl+ﬁ252+K +4S, (D

v6i r, va r, lan luot la toc do phan (g
thuén va nghich; @, va ,51 1a h¢ sO ty lugng thoa
diéu kién sau:

af=0vaa+B>0 (2)

Néu @, =0 thi B >0, cau tir S, tham gia
vao phan tng hod hoc (1) véi vai tro la san
pham; nguoc lai néu B =0 thi @, >0 cau tr
S: . 1a tac chat phan lﬁ:nqg. Phu:orng?y trinh ty luong
tong quat (1)(2) cé thé dugc viét lai dudi dang
biéu dién dai s6 nhu sau:

VS, +v,S,+K +v. S, =0 (3)

Inlet flow rate - ——?
Inlet temperature

Jacket temperature \ J |

Trong d¢:

v.=p-q, 4
1a hé sb ty luong c6 ddu (c6 nghia né c6 thé
mang gig’l tri duong hodac am) [10, 35]. Néu
v, >0 cau tr S, tham gia vao phan ing (3) voi
vai trd 12 san pham, nguoc lai néu v, <0 chu tir
S 1a tac chét phan tng.

Vi du 1. Xét phan tng thuan nghich pha khi
nhu sau [33]:

Ty

H,+1I,2HI ®)

Gia sirxem cau tr S, 1a H,, S, 1a I, va S,
la HI. Nhu vay, theo phuong trinh ty luong
tong quat (1)(2) thie, =1, a, =1 va a, =0;
=0, B,=0 va S, =2. T diy, néu biéu
dién phuong trinh ty luong tong quét dudi dang
dai so theo (3)(4) thi v,=-1, v,=-1 va
vV, =2.

Trong bai bdo nay, phan tng héa hoc véi
céch viét phuong trinh ty lugng téng quit theo
(3)(4) dugc su dung. Ngoai viéc dam bao tinh
chat bao toan khdi lugng mol trong mot phan
ung hod hoc, biéu dién (3)(4) con thuan loi
trong viéc xdy dung mé hinh todn thiét bi khi
xét dén hdn hop phan tng da cau ta [37]. Vi
biéu dién theo (3)(4), téc d6 phan tng rit gon
r duoc xem xét. Biéu thirc cua né duoc viét
nhu sau:

- (6)
Reactor temperature

h

o =—» Outlet flow rate

Hinh 2. Thiét bi phan tmg khudy tron lién tuc [39].
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Binh phan tng dwoc cung cip bai ciu tir
S,, i=1K ,n & nhiét dd dong nhap liéu 1a T, .
Céc gia thuyét sau duoc xem xét:
(A1) Luu chat phan tmg dugc xem nhu 1y
tudng, khong chiu nén va & dicu kién dang ap.
) (A2~) Dong nhiét trao ddi véi vo do duoc
bicu dién bdi quan hé:

é] = /1(T1 - T) (7)

voiA>01a hé sb truyén nhiét trung binh va
T', 1a nhiét 46 cia vo do.

(A3) Nhiét dung riéng (ddng 4p) c,,
i=1K ,n gia sir 1a hing sd.

(A4) Téc @6 phan tng r (6) chi phu thude
vao nhiét d§ va nong do/so mol cau tu. Toc do
r>0 néu tic chat phan ung S, bi tiéu thy,
nguoc lai ¥ <0 néu né duoc tao ra. Truong
hop r=0 tuong Ung véi cin bang héa hoc.
Hon nira, toc d§ phan ing r (6) théa man cac
rang budc nhiét dong lyc hoc nhu sau [7, 9, 12]:

limr=0
T—0

Aimr=r,,

C6 thé thay tir (8) rang, & nhiét do khong
tuyét ddi, phan ung s& dimng lai (vi tai nhiét do
nay, entropy s& triét tidu va vat chat s& ngimg
lai moi bién d6i nhu da duoc chi ra tur nguyén
1y tht ba ctia nhiét dong luc hoc). Nguoc lai,
khi nhiét d§ tang, nhin tr géc dd vi md céc
nguyén tir s& dao dong nhiét manh hon va sé va
cham hiéu qua dé pha v& cic lién két hod hoc
cli, hinh thanh lién két hod hoc modi tao cac
nguyén tir méi dé dang hon. Hé qua 1a phan
ung héa hoc xay ra cang nhanh.

®)

3. M6 hinh toan thiét bi trong co s nhiét
dong lwc hoc
3.1. Nhic lai mot 6 khdi niém nhiét dong lyc hoc

Trong ly thuyét nhiét dong luc hoc, céc bién
cua hé thong (vi du h¢ phan ung trén Hinh 2)

dugc chia thanh 2 loai, gdm cdc bién quang tinh
(extensive variables) nhu nang lugng ndi nang
U , entropy S, thé tich V , s6 mol N . vacdc
bién cuong tinh (intensive variables) nhu nhiét
a6 T, ap sudt P, thé héa hoc M;. Nguoc lai
Vv6i céc bién cuong tinh, cdc dai lwong quing
tinh phu thugc vao kich thudc ctia hé. Xét vi du
duéi day.

Vi du 2. Liy mot hé c6 thé tich V, & nhiét
do T, ghép voi mot hé ¢ thé tich V, & nhiét do
T,. C6 thé nhan thy rang thé tich ciia h¢ dugc
ghép bing V, +V,, tuy nhién nhiét d§ cua né
khéc voi gid tri 7, +7,. Tuong ty nhu vay cho
4p suat.

Do bién thién cta ning luong ndi nang U '
c6 thé dugc suy ra tir sy thay doi clia cic bién
quang tinh dung phuong trinh Gibbs [1]:

dH =TdS + ) udN, 9)

Hé¢ qua la cac dai lugng cuong tinh duogc
biéu dién nhu sau:

oH oH
7= 2L 4= 2L 10
(BSJM # (8N[]Nk 10

Vi H 1a mot bién quang tinh, né la mot
ham dong nhét bac 1 cia (S,N,)> Dung dinh
1y Euler [1], chiing ta c6 thé viét:

H(S,N)=TS+>_ N, (11)

Céc nguyén 1y thtr nhat, thir hai va thi ba 1a
co sO nén tang cho céc phit trién 1y thuyét cua
nhiét dong luc hoc. N6i dung cua cic nguyén ly
nay c6 thé duoc tim thiy trong bat ky gido trinh

! Khi diéu kién dang dp dugc xem xét, dp suat p la hing
s6, enthalpy H duoc st dung thay cho U .

2 Mot ham Wi R" =R duoce goi 1a dong nhét bac k
néu Vxe R, k>0, y(kx) =k y(x).
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nhié¢t dong lyc hoc nao. Nguoi doc co thé tham
khao céc tai liéu [1-4]. C4c nguyén ly nay chi
phdi va do d6, cho phép khao st tién trién cua
hé phan tng héa hoc. Hé véi (9)(10)(11) dugc
néi 1a trong biéu dién ning lugng. Nguoc lai,
né dugc néi 1a trong biéu dién entropy. That
vdy, phuong trinh (9)(11) ¢6 thé dugc viét lai
twong duong nhu sau:

1 — U
dS=—dH + » ——LdN., 12
T Z‘ T ! (12)

1 -
SHN)=—H+ » —-N. 13
(HN)=— ZT .33

Hé qua la trong biéu dién entropy, cdc dai
lwong cudng tinh dugc cho bdi quan hé:

1 (asj —u [0S
=) hr e e (14)
T \oH v T oN, N

Chii ¥ 1. Do entropy S (13) 1a ham dong

nhét bac 1 theo ciac dai luong quang tinh
(H, Ni), quan hé (14) chi ra r?mg cac dai lugng

1 —-u ,
cudmg tinh (——”j do d6 ¢6 tinh chét 1a
T' T
ham ddng nhét bac 0 theo (H,N,) [1, 11, 35].

3.2. Xay dung mo hinh todn thiét bi: Mot 6 két
qud ban ddu

Mo hinh héa thiét bi phan tng dua trén nén
tang 12 phuong trinh cén bang vat chat va
phwong trinh cin bing nang lugng (va c6 thé
phuong trinh momentum) thong qua cic dai
Iugng quang tinh (H ,N i) cua phuong trinh
Gibbs (12), duoc Kkét hop véi cac phuong trinh
céu thanh nhu phuong trinh dong hoc phan ting
va phuong trinh truyén nhiét... Két qua tryc tiép
cua viéc xay dung md hinh 1a hé phuong trinh
vi phan mo ta quy luat thay ddi theo thoi gian
va/hodc khong gian cua céc bién qu4 trinh trong
hé théng d6 [5]. Phuong trinh can bé‘ing cua
thiét bi dang khao sat dugc cho nhu sau [5,7,9]:

dH .
E = ZFilhil _ZFihi +0,

ﬂ=Fl., —-F+vrV,i=1K ,n
dt
Pong luc hé phan tmg duogc bd sung voi
biéu thirc ctia cAn bang entropy thong qua quan
hé Gibbs (12). Dudi gia thuyét cin bang nhiét
dong cuc bd [2], tde do bién thién cia entropy

(15)

theo thoi gian dugc viét nhur sau:
dS 1dH —u. dN,
—_— Zﬁ_’

(16)
dt T dt T dt

Chi y rang cin bang entropy (16) khong
doc lap voi dong luc (15), tuy nhién biéu thirc
tuong minh cta né cho phép biéu dién tinh chat
bét thuén nghich ctia h¢ nhu nguyén 1y tha hai
nhi¢t dong luc hoc da chi r6. That vay trong
truong hop cua hé céch ly, chiing ta biét nguyén
ly thir hai phét biéu rang entropy cua hé ludn
ludn tang, tic 1a (AS )iwm , 20. Hay néi cich

o dSJ y
khiac v€ mat toan hoc |— =0 voi
i dt isolated
o, 20 (0oy duoc goi la toc do tao entropy [2]).

Biéu thirc ciia cin bang entropy dang téng
quat la [2, 21, 33, 35]:

ds

E:¢S+O—S’ o, =0 (17)

véi ®Pgva o lan lugt 1a téc do trao doi
entropy v6i mdi truong va téc do san xudt
entropy bat thudn nghich. Toc d) san xuat
entropy O trong can béng entropy (17) ludn
khong am theo nguyén 1y thir hai nhiét dong luc
hoc. Tinh chit bat thuan nghich duoc thé hién
qua gid tri khong 4m cua O la co s& cho phép
biéu dién dang cAu tric cua tc do phan tmg héa
hoc theo luc phdn tng trong nghién ctru nay.
Ménh dé dudi day chi ro biéu thirc cia D
va Oy trong truong hop binh phin ng dang
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khio sit. N6 tong quit két qua da cho trong
nghién ctru trude [10, 21, 35].

Ménh dé 1. Téc do trao dbi entropy v6i moi
truong P, va toc d6 san xuat entropy bat thuan
nghich 0 trong cin bang entropy (17) két hop

v6i dong luc hé phan tng (15) duogc biéu dién
nhu sau:

D, = (F,s, —F,»s,<)+% (18)

J

_ Mix. heatconv. heatex. reac.
Oy =04 = +0Og +0og +0og20(19)

Trong do:

‘ N. N,

O_mzx. :R F ln Z il _ln —L 20 20
5 Zl[ (N] (ij (20)
heat conv. T T

GS :ZI:C[”F;](?I_l_ln(?IJJZO(zl)

G;Leatex. — & _ & > 0 (22)
T T,
Ggeac. — Aaffrv 2 O (23)

lan Iuot 1a phan déng gép cua toc do san sinh
entropy bt thuan nghich o, (19) do khuay
tron, d6i luu nhiét, trao d6i nhiét va phan tmg
héa hoc. Cic déng gép thanh phin oi™,

heat conv. heat ex.

Oy , Og

reac.

va Oy cling khong am
nhu dugc chi phdi boi nguyén 1y thir hai nhiét
dong luc hoc.

Chirng minh. Thay phuong trinh (15) vao
(16) va tién hanh dong nhit két qua nhan dugc
voi (17).

Chii ¥ 2. Khong giéng nhu o™ (20),
oL (21) va oe (22), toe d6 san sinh

entropy bat thuan nghich do phan tmg héa hoc

reac.

Oy (23) chi phu thudc vao céc trang thai qua
trinh (bién ndi tai).
Chii ¥ 3. Ai lyc héa hoc A, xuat hién
trong (23) duoc dinh nghia nhu sau:
— AS r
Aaﬂ = Aaﬂ - Aaﬂ (24)

Trong do:
ﬂi N r llli
A‘j;y =Za[7 va Aaﬂ 221517 (25)

twong ung la ai luc héa hoc ctia phan tng thuan
va nghich (1). Dung (4)(25), (24) c6 thé duoc
viét lai:

Ay=-D vt (26)

Chii y 4. Do _T'u’ la dai luong cudng tinh

(xem Chu ¥ 1), ai lyc hod hoc (26) ciing la dai
luong cuong tinh. Hé qua 1a né c6 tinh chét 1a
ham ddng nhit bac 0 theo cic dai lugng quang
tinh (H,N,).

4. Biéu dién téc dj phan ing hod hoc théng
qua luyc phan wng: Két qua chinh va nhin
xét

Do chi phu thudc vao trang théi cia h¢, viéc
chimg minh tdc d6 san sinh entropy bat thuan
nghich do phan Gng héa hoc o™ (23) ludn
ludn khong 4m trong moi bién ddi chi phdi boi
(15) v6i moi diéu kién ban du cta hé 1a mot
thir thach vé mit todn hoc va van con la mot
van dé mo. Tinh chat xdc dinh khong 4m cua
Greac.

S
nhiét dong lyc hoc bat thuan nghich [2, 21].

(23) do d6 duoc xem nhu 12 tién dé cua

Chiing ta phat biéu ménh dé¢ dudi day. Mot
phan két qua nay da cong bd trong [35].
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M¢énh dé 2. Tinh chat khong 4m cua téc do
san sinh entropy bat thuan nghich do phan tng

reac.

héa hoc o™ (23) dugc thod man néu toc do

phan ung rV c6 tinh chét (8) duoc cho boi:

f r
rvV = k(ﬂ[exp(%] - exp(%j} 27

Trong d6 4i lyc hod hoc phan tng thuén va
nghich, ky hi¢u 1an luot béi Aa va Aaﬁ,,
dinh nghia trong (25); k(T) la dong hoc phan
ung va gia su né dugc md td vdi luat thuc
nghiém Arrhenius:

duoc

k(T) = k, ex _ETJ >0 (28)

Véi E, va R tuong ung la nang lugng
hoat héa va hang s6 khi 1y tuong; k, 1a hang sb
dong hoc ctia phan tng.

Chirng minh. V6i (24)(27), (23) tré thanh:

o = k(T)(A!, — A’ )[ex [A"fff]— p[AffJ] (29)
- aff aff p R ex R

(29) ludn khong am vi k(T) =0 theo (28). Dau
2 , 2 s AS AT
dang thuc (29) xay ra khi Aaﬁ =A
Ung thuan nghich (1) dat dén trang thai can

bang hod hoc.

tirc phan

Chii ¥ 5. C6 thé kiém tra d& dang rang toc
d6 phan tng rV duoc cho béi (27) véi hang s6
ddng hoc phan g (28) luén dam bao dé diéu
kien (8) thoa vi Kk(T)—=5—>0 va
kK(T)——— k,.

T —+oo

Mit khdc thé hod M. cua ciu tr i duoc dinh
nghia nhu sau [2, 4]:

u=h-Ts;i=1K ,n (30)

Quan hé (30) ¢c6 thé duoc viét lai nhu sau:

. h,

A _ ——s5;i=1K ,n (31)

T T )

vi nhiét do tuyét d6i T#0. Dudi gia thuyét 1y

tuéng hod ctia hdn hgp phan ung, enthalpy mol
rleng phin h; va entropy mol riéng phan §; cua
cAu tir i duqc cho bdi [4]:

hl(T) :Cpi(T rej)+ht ref

T (32)
s;(T,x)=c, h{TMJ Sirer — RINX,
Trong d6: T, h;,, va s, 1a cic gid tri

chuén (hang s0). x; la phan mol ciia cdu tir i

(i=1K ,n):
X, =—+ (33)

v6i N=N,+N,+L +N,. Do d6, (31) tr thanh:
T8 T j
—=—c_.In| — +(ci—si,ref)+
T ’ [Tref ’
- T +h N.
4—piel el RIn| — |;i=1,...,n
T N

Quan hé (34) cho phép biéu dién 4i luc hoa
hoc phan ung thudn va nghich, AZ va A;ff,
dugc dinh nghia trong (25). Tl diy biéu thirc
tudng minh cia toc do phan tng rV nhu duoc
phat biéu trong Ménh dé 2 c6 thé duoc riit ra.
Trong trudng hop nay, tdc do phan ung rV
thudc vé kiéu quan hé tic dong khdi luong téng
quat hod (generalized mass-action law) [34]
nhu duoc chi ra trong ménh d& dudi day. Cic
két qua dudi day 1a phat trién chinh cta bai béo.

(34)

M¢nh d@é 3. Biéu thic tuong minh cia tc
d6 phan ung rV (27) biéu dién quan hé tic
dong khdi lugng tong quat hod va duoc cho nhur
sau:

n (N a; n (N B
rV =k (T) (—'j —k,(T) (—'j (35)
@) ol

Trong d6 hang s6 dong hoc phan tmg thuan

_E”’fj
RT
_Ea,rj
RT

va nghich la:

k (T) =k, (T) exp(
(36)

k,(T) =k, ,(T) exp(
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Voi:

T : i Z ai(cpi - Si.ref)
ko, (T) = kO[TM] exp| %
(37)
E, ;= i_ai —C,il hi,ref )+ E,
i=1
T ,:] - Z'Bi(cpi - st.rﬂ./‘)
ko,z(T) = ko[Tmf eXp %

= i_ﬁ, (_CpiTref + hi.ref )+ E,
i=1

Chiing minh. Tir (25)(28), biéu thirc téc d6 phan ung rV (27) c¢6 thé duogc viét lai:

vk S fedas dhs)

Dung (34), (38) tr¢ thanh:

_Ea 0!i —C 717-;(,]‘ + hl ref Ni
rv :koexp(ﬁ exp| Z,»:Xl:_c ln( J+( o ”ef)+ : + Rln| N

— exp Z%{—c,ﬁ h{Ti}L(C’” ,,e;) Cpitr T R r‘f iy Rl{%}]
i ref

Tu day, quan hé (39) cho phép rit ra (35)-
(37).

Ménh dé 3 chi 13 tc d6 phan tng rV (27)
bi rang budc boi diéu kién (23) thudc vé kiéu
quan hé tic dong khdi luong téng quat hod. BS
sung vao cdc két qua nghién ciru trude [34], két
quéa dé xuét trong nghién ctru nay dat dugc theo
cach tiép can dya trén cac tinh chét nhi¢t dong
lyc hoc ciia hdn hop phan tng. Trong mét s6
diéu kién van hanh hé thong nhat dinh, téc do
phan tmg hod hoc 7V (27) chi phi béi quan hé
tdc dong khdi luong s& giy ra cho hé c6 nhiing
dic tinh dic biét da dugc biét rd v& mat dong
luc nhu hé théng c6 dic tinh nhiéu diém cin
bang dimng (multiple steady states behavior). Dé
minh hoa cdc khai niém va két qua nghién ciru
trén, ching ta xét vi du dudi day.

Vi du 3. Xét thiét bi phan tng khuay lién
tuc chira hdn hop pha 16ng gom hai cu tir A va

(39)

s

B v6i phan ung thudn nghich A(:}B Nhu

vdy, theo phuong trinh ty luong tong quat
(H2) thi a,=1 va a,=0; B, =0 va
[, =1. Tl day, néu biéu dién phuong trinh ty
luong téng quat dudi dang dai s6 theo (3)(4) thi
v, =—1lvav,=1

_Gia st hon hop phan tmg dang bién doi &
dicu kién dang ap va dang tich va khoi lugng
hén hop phan ung m,, =M, N, +M,N,
dugc van hanh giit khong d6i, trong d6 M 4 Va
M , 1an luot 12 khdi lugng mol ciia céu tir A va
B. Dung phuong trinh can bang ning lugng va
vat chit va tinh dén rang budc van hanh
m,,, =const, mo6 hinh todn (15) cua hé tr¢
thanh nhu sau [37]:

dz(t)

=f(z(t)) +g(z(t)u (40)
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Trong d¢:
M, H M, H
(hAI - $) (hBI _L) 1
H 0 N 1‘4")[ N Mt()l FAI
0= N, | FE@)=| v,V | )= (kf) ~SASE 0L u=|F, | (D
NB VB rV tot tot é
_NBMA (I_NBMBJ O !
mt()l ml()t

Nhu da phén tich trong Ménh dé 2 cia
nghién ciru nay, mo hinh thiét bi phan tmg dang
khao sat 1? tuong thich vé mat nhiét dong luc
hoc khi téc do san sinh entropy do phan tUng
hod hoc 05" (23) 1a khong am. T day, toc do
phan ng hoa hoc rV dugc rat ra tudng minh
nhu da phat biéu trong Ménh dé 3 va biéu thuc
cua nd trong trudng hop nay la:

N N
V=k ()2 -k (2% 42
v =k, (1)L =k (D) 42)

Trong d6 hing sé dong hoc phan tng thuan
va nghich la (36), voi:

7| oc —s
ko, (1) = k{T} exp(W}

ref

Eu,_f = _aA (_C])A T‘rs{f + hA.re{f )+ Eu (43)
—ﬂy('py
T | " By (c 5~ Ssrer)
ko, (T) = k(){] exp( . =
Tref R

E, = _ﬁB (_CpB’Z:z{f + hB.ref )+ E,

Céc gid tri cta hiang s6 dong hoc phan ting
va tham sb nhiét dong ctia md hinh dugc cho
trong Phu luc A. Pau vao van hanh thiét bi
phan tng gia sir dugc ldy nhu trong Phy lyc B.
Nhu véy, thong tin chiing ta cin quan tim dén
1a déac tinh cua h¢ dong luc (40)-(43) khi van
hanh thiét bi theo thoi gian. Dé 1am sang to diéu
nay, chiing ta tién hanh khao sat dong Iyc thiét
bi phan ng (40)-(43) tai trang thai dirngS. Chi

3 Mot trang thai d}ro'c noi la dtyng (stationary) khi tai trang
thdi d6 nong d6/s6 mol cdc chat va nhiét do binh phan mg
khong thay ddi theo thoi gian hodc khi # —>—oo [5].

tiét phuong phép giai tich xdc dinh trang thai
dung c6 thé tham khéao [8][39]. Toan bd cac
tinh todn va md phdéng trong vi du nay dugc
thuc hién dung Matlab & Simulink.

250
s || Heat generated P,
2 200+ —— Heat absorbed //_7,,5-
c ]
& 150 i
= Unstable steady state +
o Y //// /
E 100 “
@©
& e
$ 50 7Py
> B ,// /
8 ofmz
T Stable steady states

_58

80 300 320 340 360 380 400 420

The temperature T® [K]

Hinh 3. Cén bang nhiét ctia thiét bj phan tmg
¢ trang thai dung.

bd thi trén Hinh 3 chi ra can b?mg nhiét
[40] cua thiét bi trong d6 dwdng nhiét sinh cit
dudng nhiét mat tai ba diém khéc nhau. Nhiing
diém giao nay twong mg véi ba trang thai hoat
dong dung cta hé (ki hiéu trén Hinh 3 lan luzq,t
la P, P, va P;). Qua cic tinh todn, gid tri sO
cua chiing dugc cho trong Bang 1.

Bang 1. Gi4 tri diém hoat dong ding cua thiét bi

Pl P2 P3
Ny (mol) 18757 13314 0,1146
Ny (mol) 00,1243  0,6686 1,8854
T* (K) 3042  332,8476  407,3657

Chi ¥ rang cdc trang thai dimg P va P la
6n dinh, trong khi d6 trang thdi ding P, khong
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6n dinh nhu dugc chi ra qua su hdi tu cda cic
trang thai hé thong trén mit phing pha (phase
plane) cua Hinh 4 tir ba diéu kién ban dau IC1,
IC2 va IC3 khéc nhau (gié tri cua cac diéu kién
ban dau cho trong Phu luc C). Véan hanh thiét bi
phan g & cdc trang thai dimg 6n dinh P, hodc
P, khong dugc mong mubn trong thyc té vi &
cac trang thai nay, hoac nhiét do qua thép (dan
dén do chuyén hoa thép) hoac nhiét d6 cao (cho
phép c6 dd chuyén hod cao nhung c6 thé 1am
giam chét luong san phidm hodc phd huy vat
liéu thiét bi phan tng). Nhu vay ciu hdi dit ra
lam thé ndo dé c6 thé 6n dinh hod (hay diéu
khién) thiét bi phan ng van hanh & trang thai
dimg khéng 6n dinh P, (tuong Ung v6i mot
nhiét d6 trung binh va do chuyén hod c6 thé
chap nhan [6, 13])? Pay la vin dé mo ma bai
todn diéu khién qud trinh can giai quyét. Noi
dung nay s& dugc xir Iy trong phan tiép theo.

2

§P1 — With the initial condition IC1
5 ----- With the initial condition 1C2
Easti 2 | With the initial condition IC3 | |
< A
Z ! * N,
o} P,
¥}
E il
c IC3
8
[«
£
o 05F
c
'_

300 350 400 450 500 550
The reactor temperature T [K]

Hinh 4. Mit phing pha vong ho.

Vi tbe do phan tng rV (42)(43) phai dam
bao diéu kién khong am cua toc do san xuat
entropy nhu da chi 16 trong Ménh dé 2, né 1a
nguyén nhin gy ra ddc tinh nhiéu trang thai
dimg cta hé dang khao sit. Nhu vy, néu muc
tiéu gia sir 1a mudn van hanh h¢ binh phan tmg
tai trang thai dl‘J:ng khong 6n dinh vong hé P,
(set point) thi tbc do phan ung rV phai duoc
khong ché ¢ trang thai tuong tng ciia né. Hay
néi cach khic, qua quan h¢ (27) ai lyc hoa hoc

phai dugc diéu khién dat dén trang thai mong
muon. Tu Chd y 4, ai luc hod hoc Aaﬂ (26) 1a
mot ham (dong nhdt bac 0) cua z(1),
A (z(1)). Mot sb két qua nghién ciru ban dau
chi ra rang ham khong am W (z(#)) sau c6 thé
duogc sir dung cho véan dé diéu khién*:

1 2
W)= (A @) -4, () 20 @4

Trong d6 z° la gid tri trang théi cai dat
mong muon (trong trudng hop nay la trang thai
khong 6n dinh vong hé P, ma gid tri so cua n6
cho trong Bang 1). C6 thé kiém tra dé dang
rang ham W (z(#)) thoa diéu kién:

{W (6)=0,2(1) = 2*

(45)
W (z(1)) >0, Vz(t) # z°

Tir day y tuong 6n dinh hod hé thong (40)-
(43) tai trang thai dung z° s€ duogc giai quyét
ding phuong phap Lyapunov [32, 41]. Cu thé
hon, mot luat didu khién hoi tiép trang thdi cho
dau vao qua trinh u (40)(41) phai duoc tong
hop dé ham khéng am W (z(7)) (44) véi dao

ham theo thoi gian ciia né’,

d A d
W(Z(t)) (Aw( ()4, ){ aff(z(t)):| Z(rt)

thoa man diéu kién sau [32, 41]:
dw (z(1))
dt
aw (z(t 46
C(;( D _0, 2ty = 2 (46)

Cho muyc dich do, chiing ta viét lai dao ham

dW (z(1))
dt

<0, Vz(t)# z*

theo thoi gian nhu sau:

4 Xem [35] véi céc diéu kién cin va du dé su dung
w (Z( t )) cho bai to4n diéu khién.

5 T 1a phép chuyén vi vector/ma tran.
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w = (Aaff (2(0) = Ay (Ze ))
IA T 47)
{%} (f(z(t)) +g(z(H)u)
Trong (47), phuong trinh (40) da dugc st dung.
T
A
pit  F(z(t) = &”’T(Zm)} fGe@) va
N '
G(z(t) = {M} g(z(1) véi
174
0—)Aaﬁc (Z(t)) T = {&Aaﬁ : 8A“ﬁ' &Aaﬁ} cho
& dH JN, ON,

trong [37]% f(z(t)) va g(z(t)) duoc dinh
nghja trong (41). Duéi tac dung cua ludt diéu
khién hdi tiép trang thai cho boi’:
u=G"(GG") {-K (A (2(0) - Ay () - Fzv)}
voi K >0 (48) (47) trd thanh:
dw (z(1)) NS

a =K (A, ()= A, 5 ))‘ “9)
va n6 thoa diéu kién (46). Luu y rang hang so
du’qng K trong (48) duoc goi 1a @6 loi bo d’iéu
khién (controller gain). Két qua la hé thong
(40)-(43) 6n dinh hod tai trang thi dimg z°
nhu thay trén Hinh 5.

20—

=] P*

[e) 1

é IC2

<15 X

Z 8

& ra P,

E 4 x

c IC3

—_

© IC1

o

1S 0.5 —— With the initial condition 1C1

g ----- With the initial condition IC2 -]

= e With the initial condition IC3 * 3
ob— : .

300 350 400

The reactor temperature T [K]
Hinh 5. Mit phéng pha vong kin véi K =107

¢ Pé thuan loi cho muc dich trinh bay, cac biéu thirc tuong
minh s€ khong duoc cho ¢ day.

" Co sé cua viée rit ra luat didu khién (48) tuong ty voi
két qua dé xut trong [10, 27, 36].

5. Két luan

Nghién ctru ban chat cdc thay doi ndi tai
cung véi dac tinh dong hoc Kkét hop dong mét
vai tro quan trong khi xem xét van hanh thuc té
céc hé thong qua trinh cong nghé hod hoc. Trén
co s& d6, hai thir thach 1y thuyét chinh da duoc
xir 1y. N6 bao gdm nghién ctru thiét 1ap mé hinh
todn biéu dién mang phan tng hod hoc, phén
tich dac tinh dong hoc cia qua trinh phan ing
va hudng dén van dé diéu khién ding cic khai
niém nhiét dong luc hoc. Moi qua trinh chuyén
dbi vat chét (phan trng hod hoc) déu tao ra
entropy. Dic tinh ¢ hitu nay 1a nén tang trong
nghién ctru, né cho phép xdy dung biéu thirc
ctia tbc d6 phan ung hod hoc théng qua luc
phan ung hod hoc (4i luc hod hoc/dai lugng
cuong tinh). Trén co sd d6, biéu thic tuong
minh ctia toc d6 phan tng hod hoc da dwoc riit
ra va cho phép chi 1& né thudc vé kiéu quan hé
tdc dong khdi lwong téng quat hod. Tinh chat
nay, trong mot sd trudng hop nhét dinh, s& 1am
cho h¢ phan tng hoat dong véi nhiéu trang thai
dimg (multiple steady states). Tir quan diém ly
thuyét hé thong va diéu khién, hé dong luc véi
nhiéu trang thai dung s& dat ra mot s6 thir thach
1y thuyét va khé khan thuc té khi van hanh va
thiét ké diéu khién. Nghién ctru tiép theo s&
huéng téi viéc mé rong két qua da cé cho
truong hop cdc mang phan g véi 7 cdu tir va
r phan tng hod hoc. Ngoai ra, so sanh tinh
ning va do bén ving cia bd diéu khién ding
phuong phdp Lyapunov véi cdc phuong phap
diéu khién khac (vi du nhu phuwong phdp tuyén
tinh hoa chinh xac (exact linearization method)
hodc phuong phép diéu khién vi tich phén ti 18
phi tuyén (nonlinear PID controller) [8, 32, 41])
phai dugc xem xét. B diéu khién mot mat gildp
6n dinh hod hé théng tai trang théi cai dat mong
mudn, va mat khic né hudng tédi viéc loai bo
anh hudng cua dic tinh dong luc bit thuong
hay tic dong cua nhiéu, d6 khong chinh xic
tham s6 hodc sai s6 md hinh (do gia thuyét ly
tudng hod cua thiét bi...).
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Using Intensive Variables in Modelling, Dynamics Analysis
and Process Control

Hoang Ngoc Ha

University of Technology, VNU — Ho Chi Minh City

Abstract: Any physical or chemical transformation creates entropy as stated by the second law of

thermodynamics. This inherent property is considered as a point of departure in this work, it allows to

express the reaction rate as a nonlinear function of the reaction force through the use of intensive

variables (e.g. chemical affinities). In this framework, the explicit expression of the reaction rate is

derived and described by the (generalized) mass-action-law. Under certain operating conditions, the

dynamics of the reaction system can be operated with the multiple steady states behavior. From this,

the ideas for the stabilization purpose at a desired set point are slightly discussed by using the
Lyapunov stability theory. Given examples illustrate the concepts and developments.

Keywords: Mathematical modeling, reaction rate, chemical affinity, entropy, Lyapunov theory.
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Phu luc A. Cic thong s6 héa 1y va dong hoc ctia hé phan tng [37]:

Hang s0 khi 1y tuong R 8,314 J/K/mol
Ap suat p 1E+5 Pa
Nhigt do tham chiéu T, 300 K

Khéi lwong binh phan tng m,,, 100 g

Khdi lugng mol M, = M, 50 g/mol
He s6 trao déi nhiét A 0,94 WI/K
Hing s dong hoc phan img k, 12,637E+9  mol/s
Ning lwgng hoat hod E 60,426E+03  J/mol
Nhigt dung chu tir A ¢, 45,24 J/K/mol
Nhiét dung céu tir B ¢ 30 J/K/mol
Enthalpy tham chiéu cau tt A h Aref 0 J/mol
Enthalpy tham chiéu ciu tir B hy -9560,6 J/mol
Entropy tham chiéu cAu tir A s Aref 50,557 J/K/mol
Entropy tham chiéu ciu tit B S8 rof 62,0801 J/K/mol

Phu luc B. Cic thong sé van hanh

Luu lugng mol céu tir A cung cép F), 0,0183 mol/s
Luu lugng mol céu tr B cung cp F, 0 mol/s
Nhiét do vo 4o TJ 298 K
Nhiét d6 dong nhép liéu 7, 298 K

Phu luc C. Cic diéu kién ban d4u diing cho mé phong

IC1 IC2 IC3
N, (mol) 0,7 1,5 1
Ny, (mol) 1,3 0,5 1

1, (K) 350 335 300




