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Néang cao hiéu suét ndng luong cla cac nha may nhiét dién dang hoat dong néi Ién nhuw mét gidi
phéap chinh dé dan dan giam thiéu khi thai CO,. Bai béo nay tién hanh nghién ctru vé céc qua trinh
nhiét déng hoc trong cac nha may nhiét dién va xay dung mét mé hinh mé phéng cho hé théng
tuée bin. Két qué mé phéng cho théy sw tuong thich giita céc théng sé thiét ké va mé phéng. Mé
hinh ciing cho thay kha ndng mé phdng qué trinh dong ctuia hé théng khi diéu chinh céng suét cia
nha may bang céch diéu chinh luu luong hoi nuée.

Tir khéa: mé phdng, nhiét dién, hiéu suét ndng luong, tubc bin hoi.

1. DAT VAN BE

Ké tir hoi nghi COP26 ctia Uy ban Bién dbi Khi
hau Lién hiép quéc (UNFCCC), Viét Nam da cam
két tham gia vao cac nd lyc toan cau dé gidam phat
thai CO, va trng pho voi bién ddi khi hau. Mot trong
nhirng bién phap gidm phat thai la cai thién hiéu
suat nang lwong. Viéc nghién ciru nang cao hiéu
suat cho cac nha may nhiét dién nam trong nhém
gidi phap nay.

Nhiét dién chiém mot ti trong I&n trong lwéi dién
quéc gia cha Viét Nam va |a cac ngudn phat thai
I&n lwgng khi CO,,.

Cac nha may nhiét dién co thé nang cao hiéu
suat, gidm lwong phat thai CO, théng qua cac
giai phap vé loai nhién liéu, cdng nghé san xuét,
cac bién phap kiém soat & nhiém... Dbi voi cac
nha may dang hoat déng, nhiét dé hay lwu lwong
dong nwéc lam mat tao ra sy thay déi ap suét tai
binh ngung. Sw thay ddi nay tao ra sw hay dbi vé
hiéu suat ctia nha may. S dung phan mém mé
phéng Engineering Equation Solver (EES), Omar J
Khaleel cung nhém nghién ctru da chi ra viéc tang
ap suét binh nguwng tv 0,03 bar I1én 0,2 bar sé lam
giam hiéu suat bién dbi clia nha may nhiét dién tir
44% xudng 31% [5]. Bang cach xay dwng mo hinh
toan hoc ctia hé théng va phan mém Matlab R12,
S. Bekdemir, R. Oztiirk, Z. Yumurtac da phan tich
dwoc anh huéng cha ap suat binh ngwng t&i chi
phi va gia thanh nang lwgng thu dwoc [1] . Vikram
Haldkar cung nhém nghién ctru da thyee hién phan
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tich cac théng sb ky thuat, dai hoat déng, hiéu
suat nha may nhiét dién; phan tich anh hwéng
cla dac tinh cta binh ngwng, thap lam mat, lwu
lwong nwédc lam mat dén ap suét dau ra dén cong
suéat va hiéu suat nang lwong. Tl d6 cac tac gia
thye hién tinh toan phan tich Iwa chon ché do lam
viéc dé& nang cao hiéu suat nha may. Két qua phan
tich cho trwdng hop nha may nhiét dién Rayapati
& Rajnandagon, An D6 cho két qua Ia néu chon
ché dé Iwu lwgng nwéce lam mat 1.800 m¥h thay
vi 1.536,45 m3h c6 thé tiét kiém dwoc 7.326.048
Rupee/nam [3].

Mét trong nhirng giai phap tim ché do lam viéc
t&i wu cho nha may nhiét dién Ia viéc mo hinh hoéa,
mo6 phoéng dwoc nhiét dong lwc hoc cia qua trinh
bién dbi ndng lwong trong hé thdng. Bé thuc hién
cac mo phéng nay thudng doi hdi phai cé cac phan
mém chuyén dung phu hop véi gia thanh cao. Dan
Hou cung nhém nghién ctru da thwe hién phan tich
chu trinh nhiét cho nha may nhiét dién dwa trén
phan mém Aspen Plus [4]. Két qua m6 phéng va
dir lieu thwe té co sai léch d&u nhd hon 10% cho
thay do tin cay ctia phan mém. Phan tich két qua
mé phéng ciing chi ra hiéu suét nhiét tdng hop cla
toan hé thdng 1a 21% véi tén that cao nhat nam
& ndi hoi va tubc bin. Trong [6], C. Yang va cong
sy st dung phan mém Dymola mé phéng dwoc
d&c tinh hé théng diéu khién ty déng phat dién
cho nha may 300MW. Bé bd qua han ché cta cac
phan mém chuyén dung véi gia thanh cao, thiéu
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chu dong trong viéc phat trién cac module tich hop,
trong [8], Marius Zoder cung cbng sy da nghién
ctru phat trién chwong trinh mé phdng phan tich
chu trinh nhiét cho nha may nhiét dién dwa trén hé
théng ma ngudn mé mién phi. Mé hinh mé phéng
bang Python cia nhém nghién ctu da phan tich
dwoc qua trinh nhiét ddng hoc cla hé théng cho
két qua thu dwoc twong thich véi div liéu ghi nhan
tir hé théng thuc.

V&i dinh hwéng nghién ctvu tbi wu hiéu suét lam
viéc clia cac nha may nhiét dién Viét Nam, giam
lwgng phat thai khi CO,, bai bao nay trinh bay viéc
xay dwng mé hinh mé phdng cho hé théng tubc bin

a. So’ dé nhiét nguyén ly nha mdy nhiét dién

hoi cia Nha may nhiét dién Dong Triéu Coéng suét
440 MW.

2. PHUONG PHAP VA NOQI DUNG
NGHIEN CUU

Dé thwc hién mo6 phdng cho hé théng tubc bin,
nhoém tac gia thwc hién phwong phap phan tich ly
thuyét, phwong phap mé hinh héa, mé phéng hé
thdng bang Matlab Simulink vé chu trinh nhiét theo
cau truc tude bin ctia nha may nhiét dién. St dung
b6 tham sb ciia Nha may nhiét dién Dong Triéu,
nhom tac gia da thwe hién mé phéng va lay két qua
dé so sanh v&i tham sb van hanh clia nha may.
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Hinh 1. S d6 nhiét nguyén Iy cia nha may nhiét dién Dong Triéu.

Trén Hinh 1 1a so d6 nguyén ly Nha may nhiét
dién DBéng Triéu. Trong dé hoi nuwéc voi ap suét
va nhiét do cao dwoc sinh ra tai 16 hoi sé cap vao
cho tudc bin hoi. Tai tubc bin hoi, hoi nwéc dwoc
gian n& xudng cac ap suét thap hon va sinh cong
trén truc tudc bin. Sau khi gian né hoi nwéc dwoc
hé théng binh ngung thu gom va chuyén déi vé
dang 16ng. Nwéc ngwng va nwéc bd sung (do hao
hut trong chu trinh) sé duwoc bom vao binh nguwng
va bom cép dua qua hé thdng trao ddi nhiét, binh
tach khi va cép tré lai vao 16 hoi.

Trong so d6 nhiét nguyén ly ctia nha may, hé
thdng dwoc phan tich, mé phdng trong bai bao nay
la hé théng tudc bin hoi dwoc thé hién nhw trén
Hinh 2 v&i 03 tAng canh tubc bin, thuc hién 03 giai

doan gidn n& & cac thdng sb, nhiét do, ap suét hoi
khac nhau.

Muc tiéu moé phéng trong nghién ctru nay dwoc
gi&i han la tinh toan, phan tich cac théng sé hoat
doéng cuia hé théng tudce bin & cac ché do lam viéc
khac nhau va céng suat co hoc twong (ng cung
cap cho hé théng may phat dién. V&i muc tiéu nay,
gia thiét hé thdng tubc bin dwoc cung cap hoi nuéc
cao ap tir 16 hoi v&i nhiét do6 dwoc 6n dinh bdi hé
thdng diéu khién 16 hoi 1a khéng ddi (538 °C), luu
lwong khéi lwong hoi dwoc didu chinh théng qua
van hoi khi hé théng diéu chinh céng suét phat.
Twong tng véi cac ché do cong suat phat khac
nhau ap suét va luvu lwong khéi lvong cla hoi
nwdc cip vao ciing nhw & cac tAng tubc bin sé
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Hinh 2. So d cau trac hé théng mé phong turbine hei.

thay déi gidm vé ap suat & dau ra. Ap suat dau ra
nay dwoc &n dinh béi hé théng didu khién ctia binh
ngwng. D& nang cao hiéu suét cGa chu trinh nhiét
tudc bin, hé thdng tai gia nhiét cho hoi nuwéc dwoc
st dung gilra tAng cao ap va ha ap. Hoi nwéc &
dau ra cla tang cao ap dwoc dua tré lai 16 hoi
thdng qua bd qua nhiét trung gian dé gia nhiét tang
tré lai 530 °C.

b. Gian dé gian né tuéc bin hoi

Dwa trén ly thuyét nhiét ddng hoc véi chu trinh
Clausinus-Rankine, hoi nuwéc trong méi tang tubc
bin s& gi&n n& tir nhiét 46 cao T,, ap suét lon p,
xubng nhiét d6 thép T, ,, ap suét nho p_,. Qua trinh
nay sé& lam gidm nang lwong kha bién cta hoi nuérc,
enthalpy, mét lwgng Ah=h -h . Cong suéat nhiét
doéng lwe hoc clia tAng tudc bin twong tng sé la:

P, =n&(h_-h )=n&xAh (1)

Trong trwdng hop ly twdng qua trinh gidn n&
dwoc coi la dang entropi, entropi khéng thay dbi.
S dung module tinh toan Xteam ctia Holmgren
tinh toan théng sb hoi theo tiéu chuan IAPWS
IF97, db thi gian n& hoi nwéc tubce bin (T-s) dwoc
biéu di&én nhw trén H.3. Trong d6, diém (a)/(b)
twong ng nhiét do, entropi diu vao/ra tAng tubc
bin cao ap. (c) twong tng v&i thong sb hoi dau ra
cla bd qua nhiét trung gian dwoc cép cho tang
tuéc bin trung ap. Hoi nuéc tiép tuc dwoc gian nd
trong tang tubc bin trung ap va ha ap lan lwot vé
diém (d) va (e). Tai (e) hoi nwéc dwoc binh ngwng
chuyén vé trang thai 16ng va gidm entropi vé (f).
Hai bom tuan hoan cung vé&i cac hé thdng trao
déi nhiét 1an lwvot dwa thdong sé nudc 1én diém

KZ3 CONG NGHIEP MO, SO 3 - 2024

(g) va (h). Lo hoi sau do tiép tuc héa hoi va gia
nhiét t&i nhiét do cua diém (a), hoan thanh mot
chu trinh Rankine. Trong d6 nang lwvgng dwa vao
chu trinh Rankine théng qua cac qua trinh bom va
gia nhiét. Nang lwong dwoc chuyén dbi thanh co
nang trén truc tudc bin cao/trung/ha ap théng qua
qua trinh gian n& hoi nwoéc.
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Hinh 3. Chu trinh Clausinus-Rankine Nha may nhiét dién

Dong Triéu.

c. Xay dwng mé hinh mé phoéng

Dé thwc hién mé phdng qua trinh nhiét dong
ctia hé théng tudc bin, cAu tric cta tube bin duwoc
chia thanh cac module: Cao ap; B6 qua nhiét;
Trung &p va Ha ap. M&i module déu duoc coi la
mot cAu tric nhiét dong hoc. Cac dau vao cua
module la nhiét do (T, ), lvu lwong khéi lwong hoi
(n¥ ), ap suét dau vao (p,) va lwu lwong nhiét
cap (Q%) Cho trudng hop bd qua nhiét). Cac dau
ra cia module la nhiét d6 (T ), lvu lwong khdi
lwong (né, ), ap suét daura (p,,) va Cong suét co
hoc sinh ra do qua trinh bién doi nhiét nang thanh
co nang (P).



NGHIEN Cl’U VA TRAO DOI

CO KHi, CO BIEN MO Q

Quan hé gitra dau vao va dau ra clia cac module
dwoc thé hién thong qua méi quan hé khdi lwong
&p suét hoi va cac phuong trinh dac trung cda hoi
ly twéng pV/T. Trong dé: (1). Khdi lwong hoi nuwéc
tich trir trong méi module dwoc xac dinh theo [7];
Chénh léch ap suat dau ra ctia module ti 1& v&i khdi
lwong hoi tich trlr K - (3). Lwu lwong khéi lwvong
dau vao cta mbi module duwoc xac dinh gan dang

K,,m(t)
_KI NG
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out [ p out
in p in
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i () 7

theo Stodola xac dinh nhw [2]. Gia thiét sw gian n&
hoi nuwéc & trong hé théng tudc bin 1a déng entropi,
thi nhiét do cua hoi khi thwc hién qua trinh gian né&
c6 thé dwoc coi nhw quan hé nhiét do va ap suét
cta hoi ly twdng; (5). Céng suét co sinh ra do qua
trinh gidan né dwoc xac dinh bang tich cia chénh
léch enthalpi dau vao (h, ) va enthalpi dau ra (h,,)
va lwu lwong khdi lwong hoi chay qua tube bin (6).

(1)

()

(%)

Trong do: k 1a hé sé gian nd dwoc xac dinh bang ti sé gitra nhiét dung riéng dang ap C, va nhiét dung

riéng dang tich C, (k=C/C,).

Dwa vao cac cong thirc ly thuyét nhu & cac
cobng thirc & trén, so' dd céu tric moé phdng bang
Matlab dwoc xay dwng. Theo quan hé gitra ap suat
va luu lwong khéi vao ra ctia module & (3) cAu tric
Simulink dwoc thé hién & H.4.
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Hinh 6. Cau triic mé phéng hé thdng tuéc bin bang Matlab Simulink

Theo cac cong thirc (4) (5) va (6) so dd cau
trac moé phéng viéc tinh toan cac gia thj lwu lwong
khéi (dm/dt), nhiét d6 dau ra (T, ), cong suét co (P)
dwoc xay dwng nhw Hinh 5.

Tbéng hop clu tric mé phéng cho hé thdng
tu6c bin nha may nhiét dién cé ciu tric nhu H.6
v&i 04 module nhiét dong hoc: Cao ap (HP); Qua
nhiét (RH); Trung ap (IP); va Ha ap (LP). Dau vao
cta hé théng dwoc lién két bédi cac khau khuéch
dai thé hién lwong hoi suy hao sau méi module
(do tén théat, hoi cdp cho module trao ddi nhiét).
O dau vao cla hé thdng hoi tr 16 hoi c6 thong sb

4n dinh sé& dwoc cap théng qua mét module van
(Valve). D4u ra cta hé théng 1a ap suat cla binh
ngwng (gia thiét dwoc diéu chinh 6n dinh ap suét

khong dbi

).

Céc khdi hién thj thé hién cac gia tri lwu lwong
khéi, nhiét do, 4p suat, cong suét & dau ra clia moi

tang tubc

bin.

3. KET QUA VA THAO LUAN
S dung md hinh dwgc moé phéng véi cac thong
s6 cia Nha may nhiét dién Dong Triéu véi cac
théng sé chinh (Bang 1):

Bang 1.Thdng s6 chinh hé thong tuéc bin Nha may nhiét dién Dong Triéu

Hang muc Don vi Thong so
ST 16.7/5;\182/21638
Cong sudt dinh miic (TMCR) MW 226
Cong sudt cuc dai (VWO0) MW 236
Thong so hai dinh mic MPa/°C 16,7/538
Thong s6 hai tai nhiét (truéc van RSV) MPa/°C 3,246/538
AP su:él't hpi tho?t véﬁ binh\ngUr_lg (thiét ké & nhigt «Pa 8
d6 nudc lam mat tuan hoan tai 30°C)
Luu ligng hai mdi dinh mdc(TMCR) t/h 695,5
Luu lugng hdi mdi cuc dai(VWO) t/h 716,4

Phan phai hai trong tua-bin

Diéu chinh bang céac van diéu tiét

Toc do quay Vong/ phat 3000
Heé thong gia nhiét 3 bo gia nhiét cao ap, 1 binh khii khi va 4 binh gia nhiét ha ap
Bom cdp Bom dién dong diéu toc bang khdp ndi thay Iuc 3x50% B-BCR

Phudng thtic lién ket tua-bin véi binh ngung

Lién két gian

ng

Kl CONG NGHIEP MO, SO 3 - 2024
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DPé c6 thé moé hinh héa hé thdng tudc bin cho
nha may, thong sb trang thai thiét ké cta tubc bin
& cac ché do khac nhau dwoc s dung. St dung
cac théng sb & ché dd day tai (Thermal Maximum
Continous Rating — TMCR) dé hiéu chinh cac tham
s6 Koy K, CUa cac module trong mé hinh sao

o=l 100%
Xa

Ciing trong Bang 2 la két qud mé phéng mé
hinh v&i cac tham sb xac dinh & trén dwoc kiém
chirng lai v&i cac thong sé tinh toan clia nha may
& cac ché do lam viéc 75%, 60%, 50% ché do dinh
murc. Sai léch théng sb gitra ché do mo phong va
thdng sbé tinh toan ctia nha may dwoc thé hién &
cac cbét twong rng

Két qua thu dwoc cho thay sai léch & cac diém
théng sb trang thai ctia hé théng nhd hon 10% nén
c6 thé st dung d& mé phdng céc trang thai clia hé
thdng tudc bin.

Trén co sé két qua dat dwoc, md hinh dwoc st
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Hinh 7. Qua trinh qua dd nhiét d6 hi tudc bin
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Hinh 9. Qua trinh qua db luu lugng khéi luong hai tudc bin

cho dau ra gan gia tri tinh toan nhéat. Két qua hiéu
chinh thu dwoc cac tham sé dau ra ctia cac module
twong ng v&i cac diém tinh toan trong so' dd nhiét
nguyén ly nhw & trong Bang 2. Trong d6 sai s mo
hinh dwoc xac dinh bang sai léch gitra gia tri thiét
ké (x,) va gia tri mo phéng (x,).

(6)

dung dé md phéng qua trinh diéu chinh céng suét
clia hé théng tubc bin. Bai toan mé phéng nay thyc
hién mé phéng tubc bin dang hoat déng & 60%
TMCR, & thoi diém t=30 s cong suét dwoc nang
lén 100% TMCR va dén t=80 s cong suét gidm vé
75%TMCR.

Két qua mé phdng ghi lai qué trinh thay dbi nhiét
do, ap suét, lwu lwong khdi va cong suét co & cac
d4u ra ctia mdi module twong &ng véi cac diém (b)
(c)(d) va (e) trén H.1. Ngoai ra & H.10 c6 biéu dién
két qua tdng hop cdng suat dau ra clia tude bin. Tl
H.7 dén H.10 1a cac db thi két qua mé phéng dé.
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Hinh 8. Qua trinh qua dé ap suat hoi tuéc bin
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Hinh 10. Qua trinh qua d6 cdng suat co trén truc tudc bin
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Két qua gia tri mé phéng hé thdng tubc bin Nha may nhiét dién Dong Triéu trinh bay trong Bang 2.

Bang 2. Két qua gia tri mé phéng hé thong tuéc bin Nha may nhiét dién Dong Triéu

Sai s0 mo phong

Giatri  Giatri mé Sai sé e . . .

thietké  phong 5%  60% 50%
TMCR TMCR  TMCR

Tudc bin Cong suét (MW) 230.506 | 227.000 | -15% | 12% | 3.2% | 4.0%
Nhiét @ T(:C) 3230 | 3284 | 17% | 29% | 12% | -8.6%
Daé‘af;;"(%)b'“ Ap sut p (bar) 36.07 | 3667 | 17% | 16% | 0.9% | -0.1%
Luu lugng khéi lugng mé(kg/h) | 695492 | 692100 | -0.5% | 1.3% | 1.3% | 1.4%

Nhiét @ T(:C) 5380 | 5342 | -0.7% | -03% | 04% | 0.7%
Pl Ap sudt p (bar) 32.4 321 | 09% | -11% | -2.0% | -2.8%
tai nhiét (C) p p . . I A% .U% .0/
Luu lugng khdi Iugng mé (kg/h) | 593460 | 595000 | 0.3% | 05% | -0.6% | -1.3%
Nhiét @ T(:C) 210.6 227 | 78% | 7.2% | 7.3% | -2.7%

Déu ra tudc bin R . . o .
trung 4p (d) Ap suat p (bar) 2.59 2.397 -7.5% -75% | -7.6% -6.5%
Luu ligng khéi Iugng mé (kg/h) | 513100 | 511700 | -0.3% | -1.4% | -3.3% | -4.7%

- Nhiét @ T(°C) 844 | 8249 | -2.3% | 39% | 46% | 24%
Da‘ﬁ];aég‘?:)b'” Ap suét p (bar) 0.08 008 | 00% | 00% | 00% | 0.0%
' Luu lugng khdi Iugng mé (kg/h) | 466206 | 470700 | 1.0% | -1.3% | -41% | -6.2%

Ghi cht: D4u chdm “. “ 1a d4u thap phan

Két qua md phéng cho thay qua trinh qua dd cac théng sbé cla tudc bin hoi trong qua trinh diéu chinh
cong suét thong qua viéc diéu chinh lwong hoi cép. Trong do:

> Nhiét do tai cac tang tubc bin thay ddi it so v&i cac thong sb con lai trong qua trinh diéu chinh;

> Ap suét tAng cao &p I&n hon nhiéu so véi tang trung va ha ap;

> Lwu lwong khdi lwong gidm dan qua cac tAng cao ap, trung ap va ha ap;

> Cong suat co sinh ra Ién nhat trén tang trung ap;

DBap &ng clia hé thdng tube bin hoi la twong ddi nhanh. Tuy nhién trong mé phéng & day da gia lap qua
trinh cép hoi thay déi dot ngdt (ham bwdc nhady). Trong thue té qua trinh nay dwoc cap véi téc d6 cham
hon nhiéu do quan tinh cla van va dé tranh cac xung ap lwc lam hdng hé théng.

4. KET LUAN

> Bai bao da thwc hién nghién clru co sé ly
thuyét vé chu trinh nhiét cila nha may nhiét dién.
Trén co c& ly thuyét vé chu trinh nhiét nha may, da
tién hanh phan tich nguyén ly nhiét ctia hé théng
tudc bin hoi dé tién hanh mé phdng qua trinh nhiét

> Két qua dat dwoc cta viéc md hinh héa mo
phéng hé théng tudc bin hoi sé 1a co s& cho viéc
tién hanh mé hinh héa mé phang toan bd chu trinh
nhiét cla nha may nhiét dién. Dwa vao mé hinh
cac nha may co thé tién hanh phan tich lwa chon
cac ché dd van hanh téi wu theo cac diéu kién hoat

dong trén tuéc bin. Mé hinh md phéng da dwoc
thwc hién véi truéng hop nghién clru 13 tubce bin
hoi cia Nha may nhiét dién Dong Triéu. Cac két
qua mé phéng da thuwe hién phu hgp véi cac thong
s tinh toan thiét ké cia nha may;
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dong cu thé dé tir d6 nang cao hiéu suét cia hé
thdng, gidam phat thai khi CO, trong qua trinh san
xuét. Viéc moé phdng chinh xac ciing sé |a co s& dé
tién hanh xay dung cac méd hinh s song sinh cho
nha may (Digital Twin) O
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SIMULATE THE TURBINE SYSTEM FOR DONG TRIEU THERMAL POWER PLANT
WITH MATLAB SIMULINK

Khong Cao Phong, Phan Thj Mai Phuong
Hanoi University of Mining and Geology

ABSTRACT

Improving the energy efficiency of operating thermal power plants has become a crucial strategy for gradually
reduce CO, emissions. The article conducts research on thermodynamic processes in thermal power plants
and develops a simulation model for the turbine system. The Simulation results show a compatibility between
the design and the simulation parameters. The model also shows the ability to simulate the dynamic process
of the system when adjusting the plant capacity by adjusting the steam flow.
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