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Abstract

The paper establishes a simple and practical model for a water-wall system comprising supercritical once-
through boilers. The mathematical model of the system is developed and built based on mass, energy and
momentum balance equations. The system of equations gives the linear and differential algebraic equations
expressed by pressure and temperature. The model is solved by a program written in the MATLAB application.
The data in the literature are also provided for comparison, and good agreement with the model results. The
MATLAB program could be applied for basic design of process in the supercritical once though boiler in the

thermal power plants in Vietnam.
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1. Téng quan

Trong nhitng nim gan diy, viéc bio vé moi
truong va sir dung nang lwong mot cach hidu qua rat
duoc chu trong. Mac du qua trinh san Xuét nhiét dién
gdy ra nhiéu vin dé méi truong nhung van déng gop
65% lugng nang lugng cho toan thé gisi [1, 2]. T dé
doi hoi cac k¥ su phai nghién ctru giai phap nham xay
dung nha may nhiét dién c6 nang suét cao va than thién
v6oi moi truong.

Do lam viéc ¢ ap suét cao va nhiét do cao, ndi hoi
siéu téi han khong tudn hoan dem lai hiéu qua nang

lugng 16n hon so véi ndi hoi tudn hoan. Noi hoi siéu
t6i han khong tuan hoan sinh hoi siéu t6i han, ¢ ning
luong cao hon hoi qué nhiét nén hiéu suat cao hon [3].
Mit khéc ndi hoi siéu téi han khong c6 dng tuan hoan
hodc éng xa duong kinh 16n, nén kich thude cua loai
ndi hoi nay nho hon nhiéu so v6i ndi hoi tuan hoan [4].

Hinh 1 biéu dién so dd m6 hinh hé thong nha may
nhiét dién sur dung ndi hoi siéu t6i han khong tudn hoan
bao gdm thiét bj trao d6i nhiét, bo phan tiét kiém nhiét,
gian dng sinh hoi, b phan qué nhiét.
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Nuéc vao gian dng sinh hoi qua thiét bi tiét kiém
nhiét, nhan nhiét trong budng ddt sau d6 nudc chuyén
thanh hoi trong gian 6ng. Hoi nudc qua hé théng phan
ly long hoi va vao bg phan qua nhiét dé nhan nhiét
chuyén thanh hoi si€u tdi han trudce khi vao turbin dién

[5].

D6i véi hé thong nay, gian dng sinh hoi duge
danh gia 1a bo phan chinh. Tuy nhién vi¢c md phdéng
céc thong s6 cong nghé theo thoi gian van hanh cta
qua trinh sinh hoi trong gian dng ¢ trang thai siéu toi
han van con chua duoc phd bién. Vi vay, nghién ciru
nay tap trung vao viéc thiét 1ap va giai mo hinh toan
hoc mo ta cac trang thai hoat dong ctia gian éng sinh
hoi siéu t6i han khong tuan hoan bang chuong trinh
viét trén mg dung MATLAB. M5 hinh sir dung cac
bién ap suét va nhiét d6 dya trén cac phuong trinh can
bang chat, can bang nhiét va can bang dong luong dé
danh gia phan tich chat luong hoi théng qua ap suit va
nhiét do.

2. X4y dung mo hinh toan hoc

Cac dinh luat can bﬁng co ban dugc st dung trong
qua trinh thiét 1ap mo hinh 1a: can bang vét chat, can
bang nang luong va can bang dong luong. Hinh 2 thé
hién m6 hinh tong quat cho hé thdng gian dng sinh hoi
trong ndi hoi khong tuan hoan sir dung hoi siéu t6i han.
Céc dai luong va thir nguyén, cac hing sé duoc trinh
bay ¢ Bang 1 va 2.
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f
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/ Nhiét véio dng
/___\\\ ||
f
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Hinh 2. So d6 ciia gian dng sinh hoi

Bang 1. Dai lugng va tht nguyén

bai lugng va tht nguyén

F Luc o o

[kg's¥kgm’] | masat | 1Ll | Nhietdo

H [kI/kg] I];:;“hal U kl/kg] | Néi nang
Chiéu , .
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Béng 2. Cac hing s6

Céc hang so

A, [m?] Dién tich bé mat cua thanh bén
trong ong

A, [m?] Dién tich bé mit cua thanh bén
ngoai ong

Cig Nhiét dung riéng cta khi thai

[kJ/kg °C]

Cyw [kI/kg °C] Nhiét dung riéng ctia thanh dng

Ky [kl/kg] Ning suét téa nhiét ctia than

Rg [J/mol-K]

Hang s khi li tuong

7y [W/ °C- m?]

He¢ s6 cAp nhiét bén trong

he [W/ °C- m?]

Hg¢ s0 cap nhiét bén ngoai

e[—]

Do phat xa cua khi thai trong 1o

o[W/m? K4

Hang s6 Stefan-Boltzmann

2.1. Mé hinh gian éng sinh hoi

Dé thiét 1ap cac phuong trinh can bang vét chat,
cén bang nang lugng, can bang dong luong, ta xac dinh
cac thong s6 dau vao va dau ra, tir 46 dua ra dudi dang
so d0 véi dong vao va dong ra nhu mé ta trén Hinh 3
dé thuan tién cho viéc xay dung mo hinh toan hoc cua
hé théng.

WEL'D WWWU
HL"L'U HWWU
—+ Hé théng gian dng sinh hoi ——
Pl:l.'u PWWU
TL‘L'I'J x TWWU

Wa

Hinh 3. So d6 biéu dién dau vao va dau ra cta hé thong
gian ong sinh hoi.

2.2. Cic gid thiét

Viéc xay dung cac phuong trinh can bang trong
hé théng gian dng sinh hoi dwa trén nhiing gia thiét
dudi day.

Chénh léch ap suat khéi 1o 1a khong dang ké.
Dong khéi 10 dugc coi nhu 1a hdn hop khi li tudng.
Tinh chét cta hdn hop 1ong-hoi 1 nhu nhau trén moi
tiét dién cua 6ng hoi. Su truyén nhiét theo huong doc
truc 14 khong dang ké. Nhiét truyén tir khoi 10 vao
tuong ong ty 1€ thuan v6i luong nhiét trong 1o dabt. Qua
trinh truyén nhiét qua tuong éng 1a truyén nhiét dang
nhiét.
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2.3. Xdy dwng cdc phwong trinh cén bang

Mb hinh toan hoc cua hé thong gian dng sinh hoi
dugc mé ta bang phuong trinh can bang vat chit, can
bang ning luong va can bang momen duoc dua ra dudi
day. Trong d0, cac dong vao va dong ra ctia hé thong
da duoc dua ra & Hinh 3.

2.3.1. Cdn bang vit chat

Qué trinh di chuyén vat chit trong hé thong gian
ong sinh hoi dugc mo ta trong Hinh 4.

Hinh 4. So 6 mo6 ta dong vét chit trong hé thong

Trong thé tich dong khao sat (xem Hinh 4), ton
tai 2 thanh phan 1a 16ng va hoi, do d0, luong vat chit
tich tu lai trong thé tich dang xét dugc mé ta bang
phuong trinh sau:

d 1
; [pliq Vliq +pvap Vvap] =W ecom Wiwo M

. Trong do, 'Ehé tich vé”khéi luong cua dong vat
chat trong hé thong bang tong cua 2 thanh phan pha
long va pha hoi, dugc biéu dién nhu sau:

{wa =Vig + Vg ®
My = Mg + Mgy
Ngoai ra ta co:
= DoV =PV iig P Vv G)
Do do, (1) tr¢ thanh:
4)

= VWW% (pwwo) = Weco - Wwwo

(Voow = héng s0)

_ Phuong trinh (4) duoc goi la phuong trinh can
bang vat chat ctia h¢ thong.

2.3.2 Cdn bang nang heong

Pé xay dung can bang niang luong, ta xac dinh
cac thanh phan dong nhiét di vao va di ra cua hé thong
nhu mo6 ta nhu trong Hinh 5.

Bién thién nhiét d6 va khdi lugng riéng cua thé

tich khoi 10 dang xét (Vung 1) duoc mo ta bai phuong
trinh (5) [6, 9]:
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Wiwo, Huwo
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- = _'_ — —1 Tg
———
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A Tw1
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Quwwr Quwaw
W, Hy;
g oigt
PL,ECO’HGCD I

Hinh 5. Qua trinh truyén nhiét chung

VU
Weco, Heco Wi, Hyi
Ving thé tich Vi thé tiel
X 3 g[he?m.h . e .
d.ung hén thp tirimg dng Wing the tich khai lo
long-hoi (1) (RN
(1)

Hinh 6. Ba viing qua trinh truyén nhiét

)

trong do, ng 1a lugng nhiét truyén tir khoi 10 vao

d
Vgcvg;@gT o) = Weitgi —WeoHgo— Ogw

thanh 6ng. Luong nhiét nay gdm 2 thanh phén:
(6)
(N

Biic xa nhiét: Q= €04 (T*- T.*)

Déi luu nhiét: Q =heA(T,-T))

g,conv
Do d(’),q luong nhiét truyén tr khoéi 16 vao thanh
ong dugc biéu dien boi phuong trinh sau:

Qov= €0 AT T./)+heA(Te-T.) ®)

Tiép theo, xét dén viing thé tich twong 6ng (Ving
IT). Lwong nhiét cép tir tuong dng vao dong hdn hop
1ong-hoi tuan theo dinh luat cap nhiét Newton duge mo
ta bang phuong trinh sau:

Owr = heA(T\w—Ty) ©



JST: Engineering and Technology for Sustainable Development
Volume 32, Issue 3, July 2022, 067-074

Luong nhiét tich tu trong tudng éng duoc tinh
bang lwong nhiét cép tir khoi 16 vao tuong 6ng trir di
lugng nhiét cap tir tuong 6ng vao hdn hop long-hoi,
dugc mo ta boi phuong trinh sau:

d
wavgw - wawf = wa vaﬂ w;( T, w) (10)

Cubi cing, xét dén viung hdn hop 1ong-hoi bén
trong ong (Ving I11). Bién thién ndi nang ciia dong hdn
hop 16ng-hoi bang lugng nhiét dong mang vao cong
v6i lugng nhiét tuong dng cap vao dong hdn hop long-
hoi trir di lugng nhiét dong mang ra khoi thé tich dang
xét:

wai( waopwwo)
_Y (an
- WecoH eco _Wwon wwo +wawf

Theo gié thiét s6 6 [3,10], qué trinh truyén nhiét
qua tuong ong 1a truyén nhiét dang nhiét, do do:

wagw: waw/" ( 1 2)

Vi vay phuong trinh (10) c6 thé viét lai nhu sau:

d
Vvawpw;(Tw) = wagw _waw/" =0 (13)

Do d6, su anh h}ré'r}g cua nhiét d(} tuong éng duoc
bo qua. Theo gia thiét s6 5, nhi€t truyén tir khoi 1o vao
tuong ong ty 1¢ thuén véi nhiét trong 10 dot va dugce
bieu dien bang phuong trinh (14):

wagw - wawf - a'Qc (14)
trong do, @ 1a nhi€t chdy cua nhién liéu, duoc xac dinh
theo phuong trinh (15):

Trong phuong trinh (14) hé s6 a 1a mot ham cta
T 4ve» 12 gid tri trung binh cta nhiét do dau va va ddura
ctia hé¢ thong gian dng sinh hoi va dugc mo ta theo
phuong trinh sau:

a= a(Tave): aZTive + alTave + 20 (16)
voi:
Teco + Twwo (17)
Tave = 2

Tir d6, phuwong trinh cap nhiét tir tuong dng vao
dong hon hop long-hoi dugc vict lai nhu sau:

OQwwwr = a( Tave) Kn W (18)
= 0( T Wy (19)
trong d6: 77 1a ti s6 cua Quw . voi Wy duge biéu dién
bang tich cua a va K.

Két hop phuong trinh (11) va phuong trinh (19),
phuong trinh can bang ning lugng cho dong hon hop
long-hoi dugc dua ra nhu sau:

WecoHeco = Wwwo Hwwo + rl(Tave)- VVfl (20)

d
= VWW E (pwwo wao)

2.3.3. Phurong trinh cdn bang déng hrong.

Trong cac phuong trinh can bang ning luong va
can bang vt chat, thong s6 W, dugc tinh toan bang
phuong trinh can bang dong luong ciia dong hdn hop
long-hoi tai b phan hoi qué nhiét. Trong pham vi bai
béo nay, do dong chay rat hdn don nén chi xét dén anh
hudng cia lyc ma sat, sy anh hudng cta luc quan tinh,
dong luc cia dong dugc bo qua [11]. Do do6, phuong
trinh can bang dong luong cho dong hdn hop long-hoi
tai b phan hoi qué nhiét dugc dua ra nhu sau:

VVv?/wa+ Pwwolps-g (21)
Pwwo  10,1972.10%.g./

Buwo _Ppso: Fps

Trong thyc té, yéu t6 ma sat F ps ti 1€ thudn véi
Weo [12, 13], dé viéc tinh toan duoc chinh xac, Fps

dugc dua ra dudi dang mot ham cua W, nhu sau:
Fps = Fps(Weca) = bIWeco + bo (22)
v6i cac hé s6 by, b, duge xac dinh bang thyc nghiém.

2.4. Mé hinh mé td cdc thong so trang thdi.

Dua trén mo hinh toan hoc da dua ra ¢ trén, cung
v6i cac phuong trinh da thiét 1ap, véi 3 thong sO nhu
sau:

Bién trang thai:
X =[x1,%] = [P, Uswwol (23)

Bién dau vao:
U = [uy, uy, us, uy, us| (24)
= [Weco' Heco' Peco' Tpso' Wfl]

Bién déu ra:
Y=[y, ¥y V3 ¥,] (25)
:[WWWO' HWWO' PWWO' TWWO]

Trong cong nghiép, hai thong s0 ctia hoi can quan
tam dén 1a ap suat P va nhiét d§ 7, do d6 ap suat va
nhiét d¢ dugc dat lam cac bién trang thai cua hé thong:

X= [x1:x2]:[,0wwo' Uiwol (26)
= [PWWO’ TWWO]

Tir dinh nghia vé enthalpy [6]:

U=H-% (27)
p
Thay phuong trinh (27) vao vé phai cua phuong
trinh (20), ta thu dugc phuong trinh sau:

£ - GH _ ap ap 28
Viow dt(UWW”p o) = Vi [p dat  dt +H dt] (28)
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Két hop phuong trinh (28) v6i phuong trinh (20),
phuong trinh can bang nang lugng duoc viet lai dudi
dang:

_dP, pde 29
Vw [p at H dt @9
- VVecoHeco Wwwo wao +
rl(Tave)- Wfl

hoac:

dH  dpP d
a4z H_P]

dt dt dt
_ WecoHeco_Wwonwwo‘Hl(Tave)-Wfl (30)
Vww

Phuong trinh can bing vt chit (4) ciing dugc viét
lai nhu sau:

d(pwwo) _ Weco=Wwwo (3 1 )
dt Viw

Trong bai bao nay, enthalpy H va khéj lugng riéng p
dugc dua ra dudi dang ham cua ap suat P va nhiét do
T:

H:H(P,D:C?,P'l' C2T+C1PT+C0 (32)

Bién ddi dao ham riéng cua enthalpy va khi
luong riéng theo thoi gian:

dH O0HdP O0HdT (34)
dat opdr orde
dp JdpdP (')p dT (35)
dt opdt  oTdt

Két hop phuong trinh (31) v6i phuong trinh (35),
phuong trinh can bang vat chat dugc viét lai thanh:
9pdb | 0pdT _ Weco~Wwwo 36)
opdt = 9T dt Viow
Két hop phuong trinh (34), (35) va (30), phuong trinh
can bang nang luong dugc viét lai nhu sau:

[ GH _dp ap

Par " a dat

,[ (aHdP B_Hd_T)_d_P (a_pd_P 3p ar )] 7
apPdt ' aT dt dat ap dt ' oT dt

WecoHeco—WwwoHwwo +rl(Tave)-Wfl

VWW

Tur cac phuong trinh trén, phuong trinh mo ta sy
bién thién cla ap suat va nhié¢t dg theo thoi gian co
dang:

0H ap 6p
P _ A(p6T+H6T) ot
dt ~ dp( OH ap ap 38
ap <p6T+H6T) (PaP+HaP D (38)
6p 0H ap
ar _ B3p A<PaP+HaP 1)
dt _dp( 0H _ ., 0p ap 39
aP( 6T+H6T) a7 aP+HaP D (39)
trong do:

A :Weco_Wwwo (40)
Vww
B = WecoHeco_Wwonwwo"'rI.(Tave)-Wfl (41)
Vww

Dua vio céac bién sé da dat & phuong trinh (24),
(25), (26). Cac phuong trinh (19), (40) va (41) tro
thanh:

TBCO TWWO
N(Tave) = n (222 ) =n(uy, x,)

= {“2(u4+xz)2 I ag (ug+x3) I ao} (42)
4 2
Weco=Wywwo u—y
A= —E = S () “3)
B= WecoHeco_Wwonwwo"'rL(Tave)-Wfl (44)
a Vww
_ u1u2—y1y2+rl(u4rxz) Us
VWW
= B(uy, Uy, Uy, Us, ¥, Y, X2)
Tu phuong trinh (32) va (33):
H=HP, T) =c3P+ c;T +c;PT + ¢y
2_1;: Cz + C]_P = Cz + Clxl (45)
Z—I;— ¢zt T=c3 + 1%, (46)
p=pP,T)=dsP+d,T+d,PT +d, (47)
= dz + dlp = dz + dlxl (48)
Z_f) = d3 + le: d3 + dlxz (49)

Thay vé trai cua cac phuong trinh tir (45) téi (49)
vao vé trai cua phuong trinh (38) va (39), dugc phuong
trinh vi phan biéu dién 4p suat va nhiét do nhu sau:

ax; _ (50)

t
A(ug,y1){p(x1,x2).(c2+c1x1)+y2(d2+d1x1)}
—B(ug,UpUglUs)y1,Y2,X2)-(da+d1x1)
(dz+d1x2){p(x1,%2)-(c2+C121 )+y2(d2+d1x1 )}
—(dz+dyx1){ P(x1,x2).(c3+c1%2)+y2(d3+d1x2) -1}

dx;_ (51)
dt

B(u1,uz,UqUs,y1,¥2,x2)-(dz+dyx2)
— Aug,y1){p(x1,%2).(ca+c1x2) +Y2 (d3+dyxp)—1}
(d3+d1x2){p(x1,x2)-(c2+c12x1 )+Y2(da+dqxq1 )}
—(da+d1x1){ p(x1,%2).(c3+c1x2) +y2(dz+d1x2) -1}

Tir phuong trinh can bang momen (21):

2
w Powolps-d
wao - PpSO:FpS e 4
10,1972.10%.g,.

pWWU

wwo Pwwolps-g
Wwwo :\/p_(wao - Ppsa _—p) (52)

Fps 10,1972.10%.g,
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trong do: =1,058T%,, — 8,1925.10%T,,,, + 1,6842.10° (59)
Fpe= Fps(Weco) = bW, + b, Fys= Fps(Woco)
=b,u; + b, (53) =8,1653.10""W,., — 1,3784.107* (60)
Két hop cac phuong trinh (52) va (53): H=H(P, T)
- \/ ;:(xl_'m s — e D Cers) 'LZS' g (54) =-554,71P - 23,27 + 1,21PT+ 1369748 (61)
LUy +bg 10,1972.10%.g¢ p=p(PT)
Dé giai hé phuong trinh vi phan trén can c6 4 = 246,7P + 12,95T — 0,5495PT — 5709,504 (62)

phuong trinh dai $6 tuyén tinh phu tro:

3. Két qua md phéng va thio luin

55
¥ = J% =y — P el )  Pé kiém tra két qua ctia mo hinh vira trinh bay,
két qua tinh dugc dem so sanh véi cac két qua da duoc
Y, = €3X1 + CXp + 01 X1, + € (56) cong bd. M6 hinh trinh bay & trén dugc giai bing
y, =x (57)  MATLAB véi thudt toan ODEI15s. Cac thong s6 dau
Y, = %, (58) vao dugc thay doi twong ing theo cac cong suat cua

4 . ndi hoi tir 800 MW—900MW — 1000 MW — 900
Cac h¢ s6 a; forn,, b; for Fp, ¢; cho H va d; for MW — 800MW. Moi budc dugc duy tri 20 phut.
p c6 dugc tu thuc nghiém: Hinh 7 thé hién 5 thong s6 dau vao twong tng véi moi

= N(Tape) cong suét dugc sit dung trong mo hinh.
ave

Weco (kg/s) Peco (MPa)

800 30

~
@
o

w
G
S

Mass Flow (kg/s)
o o N
SISt
8 & 8

Pressure(MPa)
NONN
NI

T
Qo
S &

400 24
cENEANBETRININASAT ISR DS MR E-E R PR R -
P20 Vs amad TR EERRE ! = S A gamgshsbSsRR® & =
] IS g
Time (min) Time (min)
Heco (kJ/kg) Teco (C)
1420 320
1400 315
= [S)
< 1380 ?_,»310
= 2
Z 1360 g305
© o
S 1340 £ 300
c 5]
& [
1320 295
1300 290
O ®w N LA ®MLM O MY NN NIN TN Y SN O O N NN MY M T NN NN NO SN O
eI I B A T S N B N B IR - <A - - D T =1 LI T A T B B S B N - B <R -~ I B =1
S o N g amao S H;B o 8RR N 9w A& g @ma ST HsB B8 RNRD Y
3 ISR~ g 1 [SER <
Time (min) Time (min)
WA (kg/s)
90
88
. 86
EDSA
~§82
380
w78
3 76
274
72
70
o o~ oy N @ o WM T N NN NS N Y AN Q
I T T T S B S B N B R - B B - B B AT, =1
S 8 s amaSAHESERRS K
] ISERN] S
Time (min)

Hinh 7: a) Luu lugng nudc vao (kg/s), b) Enthalpi nuéc vao (kJ/kg), ¢) Ap sudt nude vao (MPa), d) Nhiét d6 nude
vao (°C)

72
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Pressure (MPa}
~
5

o
o

MR
o o~

= m
woa
=

Q «@
o m

39.3

)
=

15.13
19.96
248
29.7
34.47
58.75
63.5
68.3
731

= 44.14

ime (min)

w— Mode| =M= Paper

Hinh 8. D0 thi ap suit (Pwwo) cua gian dng sinh hoi

Temperature (C)

Twwo

828
876
97.3

Hinh 9. D) thi nhiét ¢ (Twwo) cua gian dng sinh
hoti

Két qua dau ra cuia m6 hinh goém ap suat, nhiét

do, enthalpy va luu luong lan luot dugc dua ra boi 4
d6 thi twvong ung la Hinh 8,9, 10, 11.

Su thay d6i bon thong sé nay tuong ng véi sy

thay d6i ctia 5 thong s6 dau vao dugc dua ra ¢ Hinh 7.
Do thi ap suat (Hinh 8) va do thi luu lwong (Hinh 11)
ctia hon hop 16ng-hoi tai dau ra ctia hé

Két qua cia md hinh ¢ trang thai 6n dinh va trang

thai tirc thoi déu cho két qua phu hop vai cac cong trinh
da cong bo.

4. Két luan

Mo hinh toan hé thong gian éng sinh hoi ciia ndi

hoi siéu téi han khong tudn hoan di dugc thiét lap va
giai bang phan mém tng dung MATLAB. M6 hinh ¢
hai bién trang thai, 5 thong sé dau vao: luu luong,
enthalpi, 4p suat, nhiét d6 nuéc vao, lugng nhién liéu
vao; va 4 thong s6 dau ra: ap suat cua gian 6ng sinh
hoi, nhiét d9, enthanpy va luu lugng cua gian éng sinh

hoi.

Két qua mé phong trén ing dung MATLAB gan

v6i cac thong sd cong nghé quy mo cong nghiép ciia
qua trinh dya trén mo hinh. Chuong trinh viét trén ing
dung MATLAB va két qua mo phong MATLAB rét
hitu ich cho viée tinh toan, thiét ké diéu khién t6i wu va
ty dong hoa dé phan tich cac hé thong gian dng sinh
hoi trong thyc té san xuat.

Hwwo

0.6
54
10.3
15.13
19.96
24.8
29.7
3447
39.3
44.14
49
53.8
58.75
63.5
68.3
731
78
82.8
87.6
92.5
97.3

Time (min)

— Model Paper

Hinh 10. D6 thi Enthalpy (Hwwo) ctia gian dng sinh hoi

Wwwo

0.6
5.4
10.3
15.13
19.96
24.8
29.7
47

),

1
87.6

9,

Time (min)

w— Mode| === Paper

Hinh 11. DO thi luu lugng (Wwwo) cua gian dng sinh
hoti
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