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Tém tat: Bai bao trinh bay két qué nghién ctu trén co s& phan tich mé hinh toan hoc cda céc thiét
bi trong hé théng trao déi nhiét, str dung phuong phép téi téi wu tuyén tinh va phuong phép qui hoach
tuyén tinh dé dua ra phuong phap xéc dinh cdu trac téi wu hé théng trao déi nhiét nhiéu giai doan.
Day la phwong phép téi wu hé thdng theo luat phan tach dua theo cac tham sé xép xi & ddu vao trong

céc giai doan cua hé théng trao déi nhiét.
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1. DAT VAN BE

Nhiét nang & ngudn ndng lwong quan trong
trong moi linh vire, ddng gép rat Ién cho sw nghiép
cong nghiép hoa va hién dai héa dat nudce. Hién
nay cac nguén nang lwong nhiét duoc str dung
ngay cang rong réi va chiém trong sb rat I&n trong
cac qué trinh san xuét nhw: Hoéa chét, phan boén,
héa dau, dau khi, luyén kim, co khi,...

Trong qua trinh trao ddi nhiét, nang luvgng nhiét
thuong bi tdn that rt I6n, vi thé viéc nghién ctu dé
lam giam n&ng lwong ton that nay cling nhw viéc gidm
chi phi van hanh hé th()ng trao dbi nhiét 1a cong viéc
hét strc y nghia va can thlet Qua trinh trao 60| nhiét
lubn xay ra gitra mot nguon nong va mot ngudn lanh.
Theo [1], dbi véi hé thdng trao di nhiét mét giai doan
ti wu trong qua trinh trao ddi nhiét mGi nguon lanh chi
nhan nang luong nhiét cta duy nhat mot ngudn noéng,
hay mdi ngudn nong chi cung cap nang lwong nhiét
cho mét ngudn lanh duy nhét. Nhw vay, dé ti wu hoa
qua trinh trao ddi nhiét ta can xay dwng nhiing hé
thdng trao déi nhiét nhiéu giao doan - MHEN (Multi -
stage Heat Exchanger Network) c6 cau tric tdi wu.
MHEN duworc xay dwng tr nhiéu hé thdng trao ddi nhiét
mot giai doan lién tiép. Trong d6 mdi ngudn nong thiy i
c6 thé truyén nhiét ndng dén maét vai ngudn lanh, con
c&c nguén lanh j cling ¢ thé nhan nhiét nang tlr mot
s6 ngudn nong. Hién nay, da c6 mdt vai cong trinh
nghién ctru viéc t6i wu héa MHEN nhung chi yéu
dugc thyc hién voi hé thong mét giai doan hoac bang
phuong phap thuc nghiém nén khéi lwong tinh toan
I6n, nhiéu diém cuc tri va ket qua nhan dwoc co thé sé
khéng duworc nhw mong muén [2], [3].

Dé khéc phuc nhitng han ché trén, ching toi
dé xuat mot giai phap dé tdi wu hoa MHEN d6 1a

st dung phuong phap quy hoach tuyén tinh [4].
Viéc tbi wu MHEN dwoc thwc hién dwa trén
nguyén ly cbd dinh cac tham sé trung gian [5].
Thuat toan chia ra nhiéu Lép:

Lép thee nhét: Xay dwng ma tran gia tri chi phi
(tbng chi phi qui d6i van hanh va chi phi tén that
déi véi tirng cap ngudn nhiét nong, lanh thwc hién
trao d6i nang lwong ngau nhién).

Lép ther 2: Tim cAu tric t6i wu cia hé théng trao
dbi nhiét theo phuong phap qui hoach tuyén tinh.

Lép ther 3: Téi wu hé thdng bang chwong trinh
tinh toan dwa trén cAu truc da nhan dwoc & Lop 2
dé& ham muc tiéu (téng qui ddi chi phi co ban va chi
phi van hanh) ctia hé thdng dat gia tri nhd nhét.

2. NOI DUNG NGHIEN CclrU
2.1. CAu tric hé théng trao déi nhiét nhiéu giai doan

Gia su ta c6 moét tap hop gom M nguén nhiét
nongSl,l—l 2, MvaMnguonIanhSC,jzl,
2, M (céc nguon nong va nguon lanh di qua
cac thlet bi trao ddi nhiét); cac ngudn nong phai
tiép xdc voi thiét bi 1am lanh va cac nguén lanh
phai tiép xtc vai thiét bj lam néng.

T°°”‘T°°“‘T 'T“‘

5 & ;WJBME

Hinh 1. Hé thdng trao déi nhiét hai giai doan
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Céc ngudn nhiét c6 cac tham sé:
h . > 2 . N

- R',F/la lvu lwgng cla nguon nong va
ngudn lanh(Kg/h).

- TP TS 1a nhiét d6 ban dau ctia cac ngudn
nhiét néng va lanh (K)

- TN TS1A nhigt d6 cudi cung cua cac
ngudn nhiét néng va lanh (K).

- A dién tich bé mat tiép xtic cla thiét bj trao
ddi nhiét.

- A, dién tich bé mét tiép xc thiét bi lam nong.

- A dién tich bé mat tiép xdc thiét bj lam lanh.

-F, Flwu lwgng cla chét lam nong va chét

lam lanh (Kg/h).

Xét MHEN gdém hai giai doan nhw Hinh 1, déi
v&i méi giai doan ctia qua trinh trao ddi nhiét gdm
c6: Hé théng trao ddi nhiét bén trong (cac thiét bi
trao doi nhiét), hé théng trao ddi nhiét bén ngoai
(c&c thiét bi lam nong va lam lanh).

2.2. Xay dwng thuat toan t6i wu MHEN

Phuong phap gidi bai toan nhiét t6i wu nhiéu giai
doan dya trén nguyén Iy cb cb dinh céc tham sb trung
gian. Tt gia tri co dinh & hé thdng phirc tap ta sé xac
dinh dworc cAu tric nhivtng hé thong con neng biét doc
ap. Diéu nay cho phép viéc tbi wu cAu tric cta cac hé
théng con doc lap khong phu thuéc vao hé théng
phtrc tap ttr nhikng gia tri tham s6 cb dinh da biét. Cac
tham sO nay dwogc chon theo trong s6 nang lwong
nhiét cla ngudn néng va lanh, & giai doan thir q (q =
1,2,...,N) d6i véi vong lap th k ching c6 céc gia tri

o YD, oY nhitng gid tri ndy nhan duoc tir két
qua tinh toan & vong 1&p th (k - 1), tir gia tri c6 dinh
clia cac tham sb ching ta cé thé tim dwoc cAu tric
riéng biét & cac giai doan. Nhiém vu xay dwng cau
triic hé thdng trao ddi nhiét t6i wu duoc thwe hién dwa
theo phuong phap qui hoach tuyén tinh.

Diéu kién (2), (3) ddm béo yéu cau rang trén
moi _giai doan clia hé théng trao dbi nhiét cac
ngudn néng va ngudn lanh chi thwe hién trao dbi
nhiét mét 1an duy nhat. Ham muc tiéu thanh phan
fih duoc xac dinh tir mot ngudn néng va mot
ngudn lanh bét ky trong mét giai doan thuwc hién
trao ddi nhiét, dwoc goi 1& mot khdi phan t&r cua
hé théng trao déi nhiét-EBHEN (Ementary Blocks
of the Heat Exchange Network), trong trwedng hop
tbng quat EBHEN bao goém thiét bi trao d6i nhiét,
thiét bi lam lanh va thiét bi lam néng, dwoc trinh
bay nhu Hinh 2.

minZZfOpt 1)

L

' &G

izij :1,%‘2” =1 i,j=1..,M (2)
i=1 j=1
z; €{0,4},i, j=1..M (3)

Trong doé: zj la bién nhi phan dugc xac dinh
theo diéu klen nhw sau:

néu co sw trao dbi nhiét gitra ngudn nong thir
iva ngu()r] lanh thir j tai,thiét bi trao doi nhiét
Z;j=1 | hodc nguon néng chuyén nang luvong nhiét
t&i thiét bi lam Ianh va nguon lanh nhan nang
Iwgng nhiét tir thiét bj lam néng.
néu ca hai (SI ; J)thu’c hién trao dbi
nhiét v&i nhirng nguon nhiét khac hoac la
Z;=0 | S!"trao ddi nhiét voi mét trong sb ngudn
néng con lai hoac S?trao déi nhiét voi
mét trong sé ngudn lanh con lai.
t -
fia = min = ® 4)
A‘Jq A‘q AJq |q qu
Trong do:
(Dl — fijhe + fijCOI + fijreb (5)
he
© =y mg (A ©)

|
fijcol — mlcol + mgol (Aicjol )yco + mcu |:|qu (7)

f__reb rnlreb_’_mgeb(/Areb)yreb +
¢he(-rl ,TC Thln TJ(éIm,AJq,Fh FC U“q):O (9)

q)col (I-Iq ,Th out Tcu ,in Tcu ,out Aq’ Fih,Flgu,U )ZO

m™E (8)

(10)
@ (To T T T A P FR Uy, ) =0
(11)
Trong do:
fhe £ §13 tdng qui ddi chi phi van hanh

ijor iy N
va chi phi tdn thét khi thye hién trao doi nhiét cac
nguon nong va lanh doi voi Thi€t bi trao doi nhiét,
Thiét bi lam lanh, Thiét bi lam néng tai EBHEN,

col

m®, m m1a don gia cb dinh ddi v&i chi phi
co ban,

col reb
m2 y mz , m2

la hé s tinh toan chi phi co’ ban,
m™, my" 12 hé sé tinh toan chi phi van hanh,
y" ™ 1a hé sé twong dbi,
Tq™, T & nhiét d6 dau vao b trao dbi nhiét
clia ngudn néng va ngudn lanh & giai doan th g,
'I'Iq ,T 'la nhiét dd dau ra bo trao dbi nhiét cta
ngudn nong va ngudn lanh & giai doan th q,
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U la hé sb truyén nhiét; (9), (20), (11) lan lwot
l& md hinh toan hoc cla thiét bi trao déi nhiét, thiét
bi Iam lanh, thiét bi 1am néng.

Fi sj AQj

Hinh 2. C4u trac mét khéi phan t
O méi vong |&p tai Lép ther 2 cla thuat toan sé
gidi quyét nhiém vu (1), dbi véi giai doan thir q tir
nhirng gia tri nhiét lwong da biét:

AQir’]d(k—l) h(k 1) AQ va AQc(k @) _ c(k 1) AQ

Trong do:
AQNKM AQSIP1an Iwot 1a két qua tinh toan

gia tri nhiét lwvong cla ngui“)n néng va lanh & vong
Iap thtr (k-1) tai giai doan q,

AQla gia tri nhiét lwong ma ngudn néng sé
chuyén t¢i ngudn lanh dé& gidm nhigt do tr T,""
xubng T,",

AQS la gi tri nhiét lvong ma ngudn lanh can nhan
tlr nguédn nong dé nhigt do tang tir T dén T .

O Lop thir 3 sé giai quyét nhiém vu (12)

min ZZZ i (12)
Ajg:Aig-Ajg Ry Fli i1 =1 a1
qohe(rlhlnk Tcmk A]tih Ff,U;,) =0 (13)
P (T T AL RN RS U ) =0 (14)
qoreb(rJzk’Thu " A F FJZU’ ja) =0 (15)

Trong do:

fIJq la ham muc tiéu cta EBHEN twong &ng v
c4u trdc cla hé thong trao ddi nhiét tim dwoc &
vong lap thr (k-1) va (13), (14), (15) twong rng la
md hinh toan hoc clia cac thiét bj trao ddi nhiét,
thiét bi lam néng, thiét b lam lanh.

Giai quyét nhiém vu (12) dya theo cac gia tri
o Y, oS¢ & vong lap thir (k-1), dbi voi vong
l&p thtr k nhan dwoc cac gia tri tham sb cb dinh

g AQly AQj3
moi: ol =—, afy =—2
AQ;

1q AQih R I

Qua trjnh thwc hién dwoc Iép di l1ap lai cho t&i
khi sai sO gilrva cac vong lap nam trong pham vi
cho phep thi dirng lai. Luc d6 chung ta s& nhan
dwoc mot hé thdng trao doi nhiét tdi wu.

3. Vi DU TINH TOAN AP DUNG.

Xét mt hé thdng trao dbi nhiét gom 4 ngudn nong,
va 4 nguon lanh, cac thong so ban dau cta hé thong
duoc trinh bay & Bang 1, Bang 2 va Bang 3. Bao gom
cac gia tri nhiét d6 ban dau va gia tri nhiét do cudi cling
clia cac nguon nhiét, don gia chi phi co' ban, luong
chénh léch nhiét @6 nhé nhat co thé & céc thiét bi khi
thwe hién trao doi nhiét.

Bang 1. Théng sé ctia nguédn néng.

l\:]géunc;n Tih,in ’ K Tih,out ’ K kl;flIIpK CFI1 kW/m? k
H1l 420 360 50 1
H2 470 375 200 25
H3 485 390 150 2
H4 500 435 100 2
Chétlam | TMin g | Thuedt g CFU"kW/m? k
néng 620 620 5
Bang 2. Théong sé nguén lanh.
Ngudn Tein K T, FCp | CFJkw/m?k
lanh P K KWK
Cl 340 380 60 1
C2 365 430 120 1
C3 395 450 100 1
C4 410 465 400 1
Chatlam | TN g | Touout g CFU® KW/m? k
lanh 300 315 1
Bang 3. Pon gia chi phi co ban va chi phi van hanh
Don gia phi van hanh chét lam néng 85%/kW-nam
Bon gia phi van hanh chét 1am lanh 15%/kW-nam
Don gia chi phi co ban 380 $/m”
Hé sb twong dbi 0,65
Do chénh léch nhiét d6 nhé nhat 10K

- Nhiét lvgng AQ", AQ¢ dugc phan phdi trén cac

giai doan dwoc chon theo hé sb nhuw " aj,nhw

iqr
Sau:

o =[0.6 0.4;0.7 0.3;0.2 0.8;0.2 0.8]

o' =[0.2 0.8;0.4 0.6;0.8 0.2;0.4 0.6]

- Ma trén gia tri chi phi khi co sy trao déi nhiét
gitba ngudn néng va ngudn lanh bat ky nhw Bang
4, Bang 5.
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Bang 4. Gia tri chi phi & giai doan 1

qg=1
i
25288 122399 340006 784085
i 202954 166106 151246 94009
39435 27828 139141 515661
14645 158601 268839 645039

Bang 5.Gia trij chi phi & giai doan 2

q=2
j
72871 423020 116902 1151206
i 69221 467843 187885 1222189
154518 119189 170924 963447
56090 18118 70277 772410

- Ma tran nhi phan thu dwgc nhw Bang 6.

Bang 6. Ma trdn nhj phén twong ung véi ca 2 giai
doan cua hé théng trao déi nhiét.

q=1 q=2
i i
0 1 0 0 0 0 1 0
i 0 0 0 1 1 0 0 0
0 0 1 0 0 1 0 0
1 0 0 0 0 0 0 1

- Céu truc tdi wu hé théng trao ddi nhiét gdm 2
giai doan nhan dwgc nhw Hinh 3.

TAI LIEUTHAMKHAO
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Hinh 3. C4u trac t6i wu hé théng trao déi nhiét 2 giai
doan nhéan dwot bang phwong phdp qui hoach
tuyén tinh.

4. KET LUAN

Trén co s& phan tich md hinh toan hoc clia cac
thiét bj trong hé théng trao dbi nhiét, tinh toan téi wu
EBHEN va (ng dung phwong phap téi wu qui hoach
tuyén tinh, nhém tac gia da xay dwng dwoc cAu tric
t6i wu MHEN c6 thda hiép gitra chi phi co' ban va chi
phi van hanh va sb lwong thiét bi trao ddi nhiét. Két
qua nay chiing ta c6 thé t6i wu hé théng theo phuwong
phap thay d6i cu tric dwéi dang thuat toan gébm 3
L&p nhw da trinh bay & trén.

Viéc khao sat hé théng dudi dang tirng phan doan
riéng biét theo phwo’ng phap phan tach co y nghia rat
Ion trong viéc giam sO Iwgng cac bién sb khi xay
dwng chwong trinh tinh toan tdi wu hé théng.

Qua vi du thyc hién chung ta thay phwong
phap nay hoan toan co thé ng dung dé téi wu
tham sé céac thiét bj cling nhw hé théng trao déi
nhiét trong cac qué trinh san xuét.
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APPLICATION OF LINE PLANNING METHOD TO
DETERMINATE STRUCTURE OF MULTI-STAGE HEAT

EXCHANGER NETWORK
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Abstract: The paper presents the research results on the basis of analyzing the mathematical
model of the equipment in the heat exchanger system, using the linear optimization method and
the linear planning method to give a precise method. structured optimal multi-stage heat
exchanger systems. This is the system optimization method according to the rules of separation
based on approximate input parameters for heat exchanger stages.



