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N4ang cao hiéu suét ndng liong cla céc nha may nhiét dién dang hoat dong néi lén nhuv mét gidi
phép chinh dé dan dan giém thiéu khi thai CO,. Bai bao 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 phdng cho hé thc"ing
tuéc bin. Két qué mé phdng cho thay suw tuong thich giita cac théng sé thiét ké va mé phéng. M6
hinh ciing cho thdy khé ndng mé phdéng qué trinh dong ctia hé théng khi diéu chinh céng suét cia
nha méy bang céch diéu chinh luu luong hoi nuoc.

T khéa: mé phéng, nhiét dién, hiéu suéat ndng luong, tube bin hoi.

1. DAT VAN PE

Ké tr hoi nghi COP26 ciia Uy ban Bién déi 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 véi bién déi khi hau. Mot trong
nhitng bién phap gidm phat thai la cai thién hiéu
suét ndng lwong. Viéc nghién ctvu nang cao hiéu
suat cho cac nha may nhiét dién nam trong nhém
gidi phap nay.

Nhiét dién chiém mét ti trong I&n trong luéi dién
quédc gia cta Viét Nam va la cac ngubn phat thai
I&n lweng khi CO,,

Cac nha may nhiét dién co6 thé nang cao hiéu
suét, gidam lwong phat thai CO, thoéng qua cac
gidi phap vé loai nhién liéu, cong nghé san xuét,
cac bién phap kiém soat 6 nhiém... Dbi v&i cac
nha may dang hoat déng, nhiét dé hay lwu lwgng
dong nudc lam mat tao ra sy thay dbi 4p suat tai
binh ngung. Sw thay ddi nay tao ra sy hay di vé
hiéu suét cia nha may. S dung phan mém moé
phéng Engineering Equation Solver (EES), Omar J
Khaleel cing nhdm nghién clru da chi ra viéc tang
ap suét binh ngwng tir 0,03 bar 1&n 0,2 bar s& [am
gidm hiéu suat bién ddi cia nha may nhiét dién tw
44% xubng 31% [5]. Bang cach xay dwng mé hinh
toan hoc clia hé thdng va phan mém Matlab R12,
S. Bekdemir, R. Oztlrk, Z. Yumurtac da phan tich
duoc &nh huwéng cla ap suat binh nguwng t&i chi
phi va gia thanh nang lwgng thu duoc [1] . Vikram
Haldkar cung nhédm nghién clru da thyc hién phan

K72l CONG NGHIEP MO, SO 3 - 2024

tich cac thong sé ky thuat, dai hoat ddng, hiéu
suat nha may nhiét dién; phan tich &nh huwéng
cla dac tinh clda binh ngwng, thap lam mat, lwu
lwong nwéc lam mat dén ap suét dau ra dén cong
suat va hiéu suét nang lwong. Tl d6 cac tac gia
thwe hién tinh toan phan tich lwa chon ché do lam
viéc dé& nang cao hiéu suét nha may. Két qué phan
tich cho trwdng hop nha may nhiét dién Rayapati
& Rajnandagon, An D6 cho két qua 1a néu chon
ché do Iwvu lvong nwédc lam mat 1.800 m3h thay
vi 1.536,45 m¥h cé thé tiét kiém dwoc 7.326.048
Rupee/nam [3].

Mbt trong nhirng gidi phap tim ché do lam viéc
t6i wu cho nha may nhiét dién la viéc mé hinh héa,
mo phdéng dwoc nhiét dong Iwc hoc clia qua trinh
bién d6i n&ng lwong trong hé théng. D& thuc hién
cac md phdng nay thuéng doi hdi phai cé cac phan
mém chuyén dung phu hop véi gia thanh cao. Dan
Hou cung nhém nghién ctru da thwc hién phan tich
chu trinh nhiét cho nha may nhiét dién dwa trén
phan mém Aspen Plus [4]. Két quéd md phdng va
d@ lieu thwe t& co sai léch déu nhé hon 10% cho
thdy d6 tin cay cla phan mém. Phan tich két qua
md phdng ciing chi ra hiéu suat nhiét tdng hop cla
toan hé théng la 21% véi ton that cao nhat nam
& ndi hoi va tudc bin. Trong [6], C. Yang va cong
sy st dung phan mém Dymola mé phéng duoc
d&c tinh hé théng diéu khién tw dong phat dién
cho nha may 300MW. D& bé qua han ché cla cac
phan mém chuyén dung vé&i gia thanh cao, thiéu
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chl ddng trong viéc phat trién cac module tich hop,
trong [8], Marius Zoder cung cong sw da nghién
clu phat trién chwong trinh mé phéng phan tich
chu trinh nhiét cho nha may nhiét dién dwa trén hé
thdng ma ngudn mé mién phi. M6 hinh mé phéng
bang Python ctia nhém nghién clru d& phan tich
dwoc qua trinh nhiét ddng hoc clia hé théng cho
két qua thu dwoc twong thich véi di liéu ghi nhan
tlr hé thdng thuc.

V&i dinh hwéng nghién ciru t6i wu hiéu suatlam
viéc cla cac nha may nhiét dién Viét Nam, gidm
lwgng phat thai khi CO,, bai bao nay trinh bay viéc
xay dung md hinh mé phdng cho hé théng tudc bin

a. Sor d6 nhiét nguyén ly nha may nhiét dién

1169.5H  267.4T

€]

hoi ciia Nha may nhiét dién Dong Triéu Cong suét
440 MW.

2. PHUONG PHAP VA NOI DUNG

NGHIEN cUU

Dé thwc hién mé phéng cho hé théng tuéc bin,
nhom tac gia thwe hién phwong phap phan tich ly
thuyét, phwong phap mé hinh héa, mé phéng hé
théng bang Matlab Simulink vé chu trinh nhiét theo
cAu truc tube bin clia nha may nhiét dién. S dung
bd tham sd ctia Nha may nhiét dién Dong Triéu,
nhom tac gid da thwe hién mé phéng va 14y két qua
dé so sanh véi tham sé van hanh ctia nha may.
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Hinh 1. So d6 nhiét nguyén Iy ciia nha may nhiét dién Dong Triéu.

Trén Hinh 1 la so d6 nguyén ly Nha may nhiét
dién DBong Triéu. Trong d6 hoi nwéc véi ap suét
va nhiét do cao dwoc sinh ra tai 16 hoi sé cap vao
cho tudc bin hoi. Tai tudc bin hoi, hoi nwéc dwoc
gidn n& xubng cac ap suat thAp hon va sinh cong
trén truc tuéc bin. Sau khi gian né hoi nwéc duwoc
hé théng binh ngwng thu gom va chuyén dbi vé
dang 16ng. Nwé'c ngung va nwéc bd sung (do hao
hut trong chu trinh) sé dwgc bom vao binh ngwng
va bom cép dwa qua hé thdng trao déi nhiét, binh
tach khi va cap tré lai vao 16 hoi.

Trong so dd nhiét nguyén |y ctia nha may, hé
théng dwoc phan tich, mé phéng trong bai bao nay
la hé théng tubc bin hoi dwoc thé hién nhw trén
Hinh 2 v&i 03 tAng canh tubc bin, thwc hién 03 giai

doan gidn n& & cac théng s, nhiét do, ap suat hoi
khac nhau.

Muc tiéu mé phdng trong nghién clru nay dwoc
gi&i han 1a tinh toan, phan tich cac théng sb hoat
doéng cla hé théng tubc bin & cac ché do lam viéc
khac nhau va cong suét co hoc twong (rng cung
cép cho hé thbng may phat dién. V&i muc tiéu nay,
gia thiét hé théng tudc bin duoc cung cép hoi nuwéc
cao ap tir 16 hoi v&i nhiét d6 dwoc 6n dinh bdi hé
théng didu khién 16 hoi 1a khong di (538 °C), luu
lwong khéi lwong hoi duwoc diéu chinh théng qua
van hoi khi hé théng diéu chinh céng suat phat.
Twong ng v&i cac ché do cong suat phat khac
nhau ap suat va luvu lvong khdi luong cia hoi
nuwdc cap vao ciing nhw & cac tang tubc bin sé

CONG NGHIEP MO, SO 3 -2024 K&
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Hinh 2. So d6 cau triic hé thng mé phong turbine hoi.

thay déi giam vé ap suat & dau ra. Ap suét daura
nay duoc &n dinh bdi hé théng diéu khién cla binh
ngung. Dé nang cao hiéu suét cla chu trinh nhiét
tuéc bin, hé thdng tai gia nhiét cho hoi nwéc dwoc
str dung gitra tAng cao ap va ha ap. Hoi nuwéc &
dau ra cla tang cao ap duwoc duwa trd lai 6 hoi
théng qua bd qué nhiét trung gian dé gia nhiét tang
tré lai 530 °C.

b. Gian dé gian né tuéc bin hoi

Dwa trén ly thuyét nhiét déng hoc véi chu trinh
Clausinus-Rankine, hoi nuwéc trong méi tAng tubc
bin sé gian nd tv nhiét do cao T, ap suat 16n P,
xuéng nhiét d6 thap T_,, ap suatnho p_,. Qua trinh
nay sé& lam gidm nang lwvong kha bién cia hoi nwéc,
enthalpy, mét lwong Ah=h -h_,. Cong suét nhiét
dong lwe hoc clia tang tubce bin twong tng sé 1a:

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

Trong trwong hop ly twédng qua trinh gian n&
duoc coi la déng entropi, entropi khong thay dbi.
S dung module tinh toan Xteam cta Holmgren
tinh toan théng sé hoi theo tiéu chuan IAPWS
IF97, d6 thi gidan n& hoi nwéc tube bin (T-s) dwoc
biéu dién nhw trén H.3. Trong d6, diém (a)/(b)
twong (ng nhiét do, entropi dau vao/ra tang tubc
bin cao ap. (c) twong ng véi théng sb hoi dau ra
clia bd qua nhiét trung gian duwoc cap cho tang
tudc bin trung ap. Hoi nwéc tiép tuc dwoc gidn nd
trong tang tubc bin trung ap va ha ap lan luvot vé
diém (d) va (e). Tai (e) hoi nuwéc dwoc binh ngung
chuyén vé trang thai I16ng va giam entropi vé (f).
Hai bom tudn hoan cling véi cac hé théng trao
ddi nhiét 1an lwot dua théng sé nwédc lén diém
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(g) va (h). Lo hoi sau do tiép tuc héa hoi va gia
nhiét t&i nhiét dd cha diém (a), hoan thanh mét
chu trinh Rankine. Trong d6 nang lwong dwa vao
chu trinh Rankine thdng qua cac qua trinh bom va
gia nhiét. Nang lwong dwoc chuyén dbi thanh co
n&ng trén truc tudc bin cao/trung/ha ap théng qua
qua trinh gian n& hoi nwoéc.

. Do thi Nhiét do (T) vs Entropy (s)
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Hinh 3. Chu trinh Clausinus-Rankine Nha may nhiét dién
Péng Triéu.

c. Xay dwng mé hinh mé phéng

Dé thyc hién md phéng qua trinh nhiét dong
ctia hé thdng tudc bin, c4u tric cla tubc bin dwoc
chia thanh cac module: Cao ap; B6 qua nhiét;
Trung 4p va Ha ap. M&i module déu dworc coi la
mot cAu tric nhiét dong hoc. Cac diu vao cla
module la nhiét d6 (T,), lwu lwong khéi lwong hoi
(n¥*,), ap suét dau vao (p,) va lwu lvgng nhiét
cép (Q¥) Cho trudng hop bd qua nhiét). Cac dau
ra cia module la nhiét do (T_,), lvu lwong khoi
lwgng (né_ ), ap suét dau ra (p, ) va Cong suét co
hoc sinh ra do qua trinh bién doi nhiét nang thanh
co nang (P).
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Quan hé gitra dau vao va diura clia cac module
dwoc thé hién thdng qua mbi quan hé khéi lvong
ap suat hoi va cac phwong trinh dac trung cia hoi
ly twéng pV/T. Trong dé: (1). Khéi lwong hoi nuéc
tich trir trong méi module dugc xac dinh theo [7];
Chénh léch ap suat dau ra ctia module ti 1& v&i khoi
Iu"o’ng hoi tich tri Kpm; (3). Lwu lugng khéi lwong
dau vao ctia méi module dwoc xac dinh gan dung

m(l‘) = _l. (’hin (T) - 'hout (T)>dT

p(z‘) =K, m (7)

= K'[ (rh,." (z)—m,, (7))‘17

2 2
n'/lin — Kmp pin _paut
T,
k=1
];ut — h [ , ]
];n pin
P = rh(hin _hout)

theo Stodola x&c dinh nhw [2]. Gia thiét sy gidn né
hoi nuwéc & trong hé théng tudc bin 1a dang entropi,
thi nhiét @6 cda hoi khi thyc hién qua trinh gian né
c6 thé dwoc coi nhw quan hé nhiét do va ap suét
cta hoi ly twéng; (5). Céng suét co sinh ra do quéa
trinh gidn n& dwoc xac dinh bang tich cta chénh
léch enthalpi dau vao (h, ) va enthalpi dau ra (h,,)
va lwu lwgng khoi lwong hoi chay qua tudce bin (6).

(1)

2)
@)

(4)

®)

Trong do: k 1a hé s6 gian né duoc xac dinh bang ti s6 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
cong thirc & trén, so dd cu tric moé phdng bang
Matlab dwoc xay dwng. Theo quan hé gitra ap suét
va luu lwong khdi vao ra clia module & (3) cu truc
Simulink dwoc thé hién & H.4.

. Function1
Dynamic

h2s

Iﬁtegratr
Limited

H.4. Cau triicmé phéng luu lugng khdi — ap suat
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p_1010kPa
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Temperature (0C)

Pressure (Bar)

Hinh 6. Cau triic mé phong hé thong tuéc bin bang Matlab Simulink

Theo cac cdng thire (4) (5) va (6) so dd cau
tric mo6 phdng viéc tinh toan cac gia thj lvu lwgng
khéi (dmv/dt), nhiét d6 dau ra (T ), cong suét co (P)
duwoc xay dwng nhw Hinh 5.

Téng hop céu tric mé phdéng cho hé théng
tudc bin nha may nhiét dién c¢é cau tric nhw H.6
v&i 04 module nhiét déng hoc: Cao ap (HP); Qua
nhiét (RH); Trung ap (IP); va Ha ap (LP). Pau vao
clia hé thdng dwoc lién két bdi cac khau khuéch
dai thé hién lwong hoi suy hao sau méi module
(do tdn that, hoi cdp cho module trao dbi nhiét).
O d4u vao clia hé thdng hoi tir 16 hoi ¢ thong sb

4n dinh s& dwoc cap thong qua mot module van
(Valve). PAu ra cta hé théng la ap suét cta binh
ngwng (gia thiét dwoc diéu chinh 6n dinh ap suét
khong ddi).

Cac khéi hién thi thé hién cac gia tri lwu lwong
khéi, nhiét do, ap suét, cong suét & dau ra ctia moi
tang tudc bin.

3. KET QUA VA THAO LUAN

S dung mé hinh dwgc md phéng véi cac thong
s6 ciia Nha may nhiét dién Déng Triéu véi cac
théng sb chinh (Bang 1):

Bang 1. Thdng s6 chinh hé théng tudcbin Nha may nhiét dién Dong Triéu

Hang muc Thong so
Ll 16.7/53|\i|32/228

Cong suét dinh mic (TMCR) MW 226

Cong suat cuc dai (VWO) MW 236

Thong s6 hai dinh miic MPa/°C 16,7/538

Thong s6 hoi tai nhiét (trudc van RSV) MPa/°C 3,246/538

AP sudt hai thodt vé binh ngung (thiét k€ & nhiet \Pa 8

dd nudc lam mat tuan hoan tai 30°C)

Luu ligng hdi mdi dinh mic(TMCR) th 695,5

Luu ligng hdi mdi cuc dai(VWO) th 716,4

Phan phai hdi trong tua-bin Diéu chinh bang céc van diéu tiét

Toc do quay Vong/ phat 3000

Hé thong gia nhiét 3 bd gia nhiét cao ap, 1 binh khii khi va 4 binh gia nhiét ha dp

Bom cédp Bdm dién dong diéu toc bang khdp ndi thiy Iuc 3x50% B-BCR

Phuang thtic lién két tua-bin véi binh ngung Lién két gian nd

Kl CONG NGHIEP MO, SO 3 - 2024
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Dé c6 thé mé hinh héa hé théng tubc bin cho
nha may, thong sb trang thai thiét ké cta tubc bin
& cac ché d6 khac nhau duoc st dung. S dung
cac thong sb & ché do day tai (Thermal Maximum
Continous Rating — TMCR) dé hiéu chinh cac tham
sb Kmp, Kprrl cla cac module trong md hinh sao

e=21"% L 100%
xd

Ciing trong Bang 2 la két qud mé phdng mo
hinh v&i cac tham sb xac dinh & trén duoc kiém
ching lai v&i cac thong sé tinh toan clia nha may
& céc ché do lam viéc 75%, 60%, 50% ché do dinh
mrc. Sai léch théng sé gitra ché dd mo phéng va
thoéng sb tinh toan clia nha may dwoc thé hién &
cac cot twong trng

Két qua thu dwoc cho thay sai léch & cac diém
thong sb trang thai ctia hé théng nhé hon 10% nén
c6 thé str dung d& md phdng cac trang thai ctia hé
théng tudc bin.

Trén co s& két qua dat dwoc, md hinh dwoc sl
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Hinh 7. Qua trinh qua dé nhiét d6 hoi tuéc bin
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Hinh 9. Qua trinh qua d luu lugng khéi lugng hei tudc bin

cho d3u ra gan gia trj tinh toan nhat. Két qua hiéu
chinh thu dwoc cac tham sé dau ra clia cac module
twong (ng véi cac diém tinh toan trong so' d6 nhiét
nguyén ly nhw & trong Bang 2. Trong d6 sai sé mo
hinh dwoc xac dinh bang sai léch gitra gia tri thiét
ké (x,) va gia tri mé phong (x,).

(6)

dung dé& md phdng qua trinh diéu chinh cdng suét
ctia hé thdng tuéc bin. Bai toan mé phéng nay thuc
hién mé phéng tuéc bin dang hoat dong & 60%
TMCR, & thoi diém t=30 s cong suat dwoc nang
lén 100% TMCR va dén t=80 s cong suat gidm vé
75%TMCR.

Két qua mé phang ghi lai qua trinh thay déi nhiét
do, ap suét, lwu lwong khéi va cong suat co & cac
d4u ra ctia mdi module twong &ng véi cac diém (b)
(c)(d) va (e) trén H.1. Ngoai ra & H.10 cé biéu dién
két qua tbng hop cong suét dau ra ctia tuée bin. T
H.7 dén H.10 1a cac db thi két quéd mé phang dé.
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Hinh 8. Qua trinh qua dé ap suat hei tuéc bin
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Hinh 10. Qua trinh qua d6 cong 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 md phong hé théng tudc bin Nha may nhiét dién Dong Triéu

Sai so mo phong

Tham sd sl el Saisoe 0 0 0

thistké  phng ooy | Bl Bl

TMCR TMCR  TMCR

Tuéc bin Cong suét (MW) 230506 | 227.000 | -1.5% | 12% | 32% | 4.0%

Nhiét do T(°C) 3230 | 3084 | 17% | 29% | 12% | -8.6%

Da;’ar: ;‘F’)O(%)b'” Ap suét p (bar) 3607 | 3667 | 1.7% | 16% | 09% | -0.1%

Luu ludng khéi lugng mé(kg/h) | 695492 | 692100 | 0.5% | 1.3% | 1.3% | 1.4%

Nhiét 6 T(°C) 5380 | 5342 | -07% | -03% | 04% | 07%

D ra hoi Ap sudt p (bar) 32.4 21 | 09% | 11% | 20% | -2.8%

ti nhit (C) p p : . I A% .U .0/

Luu ludng khdi ludng mé (kg/h) | 593460 | 595000 | 0.3% | 05% | -0.6% | -1.3%

, Nhiét d6 T(°C) 210.6 27 | 78% | 72% | 7.3% | -27%

Bau ra tuoc bin Ap sudt p (ban) 250 | 2307 | 75% | -75% | -7.6% | -6.5%
trung ap (d)

Luu ludng khdi ludng mé (kg/h) | 513100 | 511700 | -0.3% | -1.4% | -3.3% | -4.7%

o Nhit d0 T(°C) 84.4 8249 | 23% | 39% | 46% | 24%

Da‘:];aéﬁ“(’:)b'” Ap suét p (bar) 0.08 008 | 00% | 00% | 00% | 00%

' Luu Iudng kndi ludng mé (kg/h) | 466206 | 470700 | 1.0% | -1.3% | -4.1% | -6.2%

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

Két qua moé phéng cho thdy qua trinh qua d6 cac théng sé cua tudc bin hoi trong qua trinh diéu chinh
cong suét thong qua viéc diéu chinh lwgng hoi cap. Trong do:

> Nhiét do tai cac tAng tudc bin thay ddi it so v&i cac théng sb con lai trong qua trinh diéu chinh;

> Ap suatting cao 4p 16n hon nhiéu so véi tang trung va ha ap;

> Lwu lwong khéi lwong giam dan qua cac tng cao ap, trung ap va ha ap;

> Cong suét co sinh ra I&n nhat trén tang trung ap;

Dap tng ctia hé théng tudc bin hoi 1a twong déi nhanh. Tuy nhién trong mé phdng & day da gia lap qua
trinh cap hoi thay dbi dot ngdt (ham bwéc nhay). Trong thuc té qua trinh nay duoc cp véi tbe d6 cham
hon nhiéu do quan tinh cia van va dé tranh cac xung ap lwc lam héng hé théng.

4. KET LUAN

> Bai bao da thwc hién nghién ctru co sé& ly
thuyét vé chu trinh nhiét cia nha may nhiét dién.
Trén co c& ly thuyét vé chu trinh nhiét nha may, da
tién hanh phan tich nguyén Iy nhiét ctia hé théng
tuéc bin hoi dé tién hanh mé phéng qua trinh nhiét
doéng trén tubc bin. M6 hinh mé phéng da duwoc
thwe hién véi trudng hop nghién ctru 1a tudc bin
hoi ctia Nha may nhiét dién Dong Tridu. Cac két
qué mo phong da thwce hién phu hop véi cac thong
sb tinh toan thiét ké ctia nha may;
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> Két qua dat dwoc cta viéc mé hinh héa mo
phéng hé théng tubc bin hoi sé 1a co s& cho viéc
tién hanh md hinh héa mé phéng toan bé chu trinh
nhiét cia nha may nhiét dién. Dwa vao mé hinh
cac nha may c6 thé tién hanh phan tich lwa chon
céc ché do van hanh téi wu theo cac diéu kién hoat
doéng cu thé dé tr dé nang cao hiéu suét cta hé
thdng, gidm phat thai khi CO, trong qua trinh san
xuét. Viéc mé phéng chinh xac cling sé la co s& dé
tién hanh xay dung cac mé hinh sb 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 Thi Mai Phuong
Hanoi University of Mining and Geology

ABSTRACT

Improving the energy efficiency of operatingthermal power plants has become a crucial strategyfor 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.

Keywords: simulation, thermal power plant, energy efficiency, steam turbine
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