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Angelino® £ SCHIFERl L 718 — ANk K 4 HLFT— M
T E ARG, M T FE4EE 3 (recompression  cycle,
RC), &MEIFH IR Bl 28 il O B 10 T8 2 9
TRy, —EBAr VAN ZRA VR R 4EHUIN G 3K
T AR R, i BN EAVLIE R, W
J I A AE AR [P AR IR I Y&, G AlE T
IR ARSI A &, 9 T A i 22, [
D A EI B, KIREESR T 1 sCOLTEFR
M. BEJEsCOLMEI I 7T %A RALRCHFE A L5 1),
KB TE TAE AR RCHALE TR0, Dostal
2t NI I MoisseytsevZ N RS 1 147 B
A, TR NS DUARAL e BB AR () 3L A E A, [H) ¥4 HH
TRERET D BRI T REE 4%, MAEAESCO, &
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ez N AL VR R R, R4 HLRETh
bn, 3G hn v Ta) e £ 28 W] AR RO k45T, A R T
R EA B T LA BRI RGP
R, {H2 H AU 2 2238 0 2 48 10 8 R 1 A,

B2 P 48 18 PA /& sC O, AT 75 TILAIG 24 1) 24 A 1) B4
ghEt s E 50 Lt — AR sCOL MG I (1) A Fe AR 342
HET UL, SRS A R, o kR
SN Z B -l 073, 1298 T sCOMEH 2 4 %
G-Il B RS T B4, B, RCHTHR 2 G 1N SC,
HISCIFISC23 7R, FASCH BAT — e iy B &, JL
T LA SCL IR B RS R, SC2I AR REFISCLH,
ARG RE, SC2HIEMARE N, X ZARCEL
e TSCHERK. 2 UL RS, #5 — K 46 6 2 (tri-
compressions cycle, TC), £ FSZ%N550°C/20 MPa
MM, TCIRFR AR LRCE2% A A, ¥
TCAEIA N AR el A7 B2 ik — B SR THIRIEE R i &
G

sCOMEME & T mrim #E, BRI I X %k
1500~100°C, MH T Hh B 4 X W A2 sCO AR A HL 2
i n i —, B A A AR R I (1)
R M VA AR <74 B 32 (flue gas cooler, FGC)™ >,
MSCOJEI I FEA s (N,  HEE gL )b HC—3
rCOL AR, TE 2225 1E FE AR M 00 <A 2048, Tl
R AFAE, RIEIREIFsCOfEH . fERXFP T
W, FGCAIZ S Ti# 8% (air pre-heater, AP)3t:[EFH 4
AR AR PRI DI RE.  FGCR] K HEMH IR B 25 il 7
GERVEE, e RIEE S BT E. (2) T ReE
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E &P HEH (overlap energy utilization, OEU)/ZEE
EEFRET THE R I DX S A, JES (I FR I
e DX 20 e il DX R, S PR RO SUIGIR E <
B TR X R R A TOUOE P I M A IR P I A )
RXFRAESIX. ESXKRERTT 7RG AR
JE R, WIS T TR B 2, BEMEHA
AL B HOK.

DL EJ B AN in 3 A FRCAH, TCHET
RC[HIFASE T &y, IR R E R, S TCS AR
A, AR X R AR i) 2 BE R Y, OEUM
FGC/2 5 ] DLN FH T TCHAE K LR 4, TEREaT?
(A1 25 DA b (), A S FH = R 46+ 15 #4(tri-compression
plus reheating, TC+RH)NEEARJEIFLEH), FeT PIFPA
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AR5 R R P AR DX e PR R 53 9 7 TR PR AN R
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2.1 FifhsCOMMMER RS
2.1.1 ATHEEEAFREZAZENCOMMM LR B £ 5
B (a) 2y 5 T A6 B R 8 ) i 30 A S 1) = PR 4
sCO MR K Hi R 4L (M FROEU & 4t), K1 L& ALK
—/MEH, AHSERR R TURG M40 f = 2 SR A
WHAILEZ R R, RER SR FEH %O B AR
REFMBHSXIBERERSX, Z&XMRSAELE
BTG, SR RAG AR, BRI, RS PR AN,
T A IR AR SRR, IR TR 43 e R R S
B, BRI T RGO IR B RGN TR, e
& FITHAE A BATAH [F 0, THBR T TOURE A 8] 11
WESRESINE SOF SN EVE SN Pl b
TEAFRIGA I T-s . RGEIVEGIR BT FE i) 255 3¢
BR[30]. RS G R, 2618, 36 R4,
2R . IR EAE . MR EAE . 1
AR ENEE LA R — b B U SIS (external air pre-
heater, EAP)41J&, 48 A2 FlA A 11 A &K K6
M2 R INCO, M EE IS 2 S A TR [3] B4k i .
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Figure 1 (Color online) (a) Flow chart of OEU system; 7-s curve of top cycle (b) and 7-s curve of bottom cycle (c).
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Figure 2 (Color online) Flow chart (a) and 7-s curve (b) of FGC system.
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Bl 1w o] A% T [l

A3 BNV KN A5

22 JHER

AR A 8 I MATLAB 2 il B 7 58 K,
CO, MW 2 B \REFPROPH A rhifi . ST B4
RO NI RGNS FAE TR AL I S48
RUPR LSR8 MR IR I T A, RIGH T AR
AR S0 B BB o it A - SR RA 20
BEIRZ) It

B PR SR PIRL [X 5 T JoR R G X G DG i
sCOMABER L RGN BETH I OG5, T2 IR X
TN PR SRS, T, KR X5
FURLE, Toy o WA HERIREE. ASCRGHRI T
JE U2 Ty 15 5058 A7 B8 Ak 9 TR 25 A8 /N F40°C, T,
L5 %f R B AL 1 TSR 22 AN 3000,

R D,

Oy =B (P 1) M

Qfg,M cal (h fg,i —h fg, o) (2)

1> riL [l s

F 1 EH MR XS5 Copyright©2021,
Elsevier B.V.

Table 1 Parameters for the cycle computations and boiler design [31]
Copyright©2021, Elsevier B.V.

HLAZRE (MWe) 100
FEFINDRE (°C) 620
ZEFIANAES) (MPa) 28
JEZEHN IR (°C) 32
EZEHLINIIE /7 (MPa) 7.6
5] FA 28 R B (MPa) 0.1

[E] s K fURZE (°C) 10

I FERECR (%) 91
FEAHLEER R (%) 89
WEGRE (°C) 20
HETEARH 12
TR IR DRE (°C) 31
—IRAIRE (°C) 320

— R B R E LT (%) 19
I KRN R E (°C) 23
TR R (%) 81
BRI PN 52 IATH I SR (°C) 30
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Qfg,L = Bcal ' (h fgo hfg,ex)’ (3)

K, Ot QoM Qpo A AAE IR IX . R IX
;F[],TE{]VD%EE(]EJZ*’Riy ca]ﬁ%ﬁ%y hfg,ﬂamea hfg,ia hfg,oa
Py o 73 AN [RISE AR R RS

M
hfg :Zl¢ihi+hﬂv 4)

A, b AR SRR A B SIS, hg AL
JREIERBE T IR, MO IR R R SAAR
2, FEAFECO, SO, N, O,FH,07&%, ¢ NHi
Fh2H SR IR o B, SRR R A O ARSIk
(B TR R B S B 3 A 3R 2 B .

OEU £ 4t Hh i [X iR 5 DT Fr) S AR Ji -

Ty~ I. = 40°C,
ng,o - 5b >30° C (5)
ng,o sec,air =30° C

A, TR T 20 ) #4238 3a(heater3a) HY AT T
COLREE; Tioeaie I R R FE.
TNHAEE 3t i [X IR g,

Qheater3a > (6)
~hg, )’ (7N

a- Qfg,M =
Qheater3a = Xheatersa M CO, ’ (he

AA, aNFENREEL, Xpewes IR 32l L & L

%2 BRI R L 4 P Copyright©2018, Elsevier
B.V.

Table 2 Properties of the designed coal [22] Copyright©2018,
Elsevier B.V.

SH HE
Cur 61.07
H, 3.67
Oy 8.56
N, 1.12
Sur 0.6
A, 8.8
M, 15.55
Var 3473

Oretar 23442

a)C H,O,N, S, A, M, Vi BRI &R TR A A &
By Koy KR ESE ¥ERSY; Thrar, dafsrBilom i rics)
£ %%JET FE; Oper BN RAL K F R (KT /Kkg).
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1 J mco jj]:ﬁ ) {JIL%
FGC Z 4t H i, DX Ui 52 D I (14 258 A s

T;

i~ T5>40°C,
T,o— Ty > 30°C, (8)

Thyo— Teea > 30°C,

sec,air

o, TR T, 20 I NFGCAZ FATH CO, HE TFIN FHRLE.
A E 38 (FGO)FE P i X i P

a- Qng O o O]
O rae = XecM co, - (15— ), (10)

A, xpec N E NFGCAZ B ) 15k L4
B AR 4T vE N EUD A BT i) i G B 3
I8 e EAL I FE TP B AR B —Fh B fEEUDKE 1,
REALFRAH S B | e AL FE A A8 4k, AL FR

AVFRAIE R GBI T R A A 0 R R 10
L.

AREIRLA R 24 R0
a=RE - s, (11)

N, TSRS, s B o 2 TR0, AERER RE
EEALE R B A D), fEfE Rl b, AFTRLSR
kAR
4= 1_5 (12)
X, TALFUR .

% ﬁﬁfiﬂz@ﬂjﬁ[ﬂ]ﬁ' AT &ﬁ%ﬂbmler:

Mooiter = 1 (@21 03+ 0,705t 0¢)/ 0, (13)

K, 0y, 03, 04, Os, Q73 T A ERAL 5t B RAMEHE I A
xR, FMERFEEBERSIR, BRR TSRS,
B 2R, IV B K. O N B A it B A AR SN
BIPRE. SRR RME S RAEME LR, &
WFER BRI TR 2% R, 0/01.6%, 03/0,
B0, 05/0,90.4%, 040,790.3%.

HEIH PR 2 O, AR A 26 v f ok il — 1510

0, (o)1~ 52 (14)
b, by A,

3 AR5
31 AR X TR AR

OEU RS HIFGC F 4t i+l X 3 230 B
RER3a S A AR, 32 BRI et e FR 2 S
B, PN SZINHT FI COL T E AT X aersa PR FIAT1E B
KAA. TS BRI FR G e il B A28 3 AT AP 2
Mr, ELE AN 52 FATH CO, Ll L A5 K /).

OEU & 4i:

(1 7xheater3a)(h5 B h4) = (1 7xEAP)(h77 hS)’ (15)

1—x hs—h
Xheater3a 1- ( EAPE( ! 8)5 (16)
hs—h,

A, xpap NI B RSN NES(EAP) Y L5 k).
FGC 4"

(lixFGC)(h57h4):h7ih8? (17)
h,—h

=1-2-3 18

XFGe hs—h, (18)

HAR(16)FAR) AT LAE H, In#hds3at CO, Uit iE L
Xheatersa o - KE A H 2% tF COLMIE EE flopge. TR
& OEU & 4t i it 7] #4283 1 = i CIRAS /i7~8,
Kl 1(a)f12(a)fim) LR =L TFGC R 4.

TEARSCH, [l AER 1 I s i BT 10°C, BEXT T
RIS T—T=10°C, T,—T,=10°C. EI3NMHA %
SR AT AR, AR 3aTh CO IR EL 1 910.74%,
SRS H 4 COL LR LE 1 9 6.44% (K13 (a)), PiE
KANFERG EREESER . HEHTHANAR
Gt 1 i m (B 3 (b)) RO AN 52 FATH 9 L5 T+ Ah
(EI3(c)FH 2, Fr LA AN 52 A TH R A= B ARG N5 T
B LB A E], IS 3af WA O earersa 2 IS
BRI Qpe 1565 (EI3(d)).

3.2 AR X TR R L

AN RS DA L R o 2 TR
A YR LR, AT
7R ST

[ priair pnm + (1 N a)( secair hsec,in)}’
(19)
QAP = chal(h feo hexg )9 (20)
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Figure 3 (Color online) Heat load of heater3a and FGC.
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K. VLB S LA =R —E ER, R IEE
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Trpex —ER, BH SR ARQ G AR, THEAD
TR 25 T H I ORGR Z2 58 /), B3 A
&, WE4O)ATR, B IR T e o IR BRAE
502°C. (HAZAELFREIL R, PN 2 AN AT ReAH S5 1,
AR SCHURA S T3 1 5538 25 8 30°C, DR, 4HEm R
J¥ Ty J9123°CHT, 25 TSN LRI T F1 0K
IR Ty o 73 1 9433°CF1403°C(El4(b)). BT LATENAS
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R AE R Ty i AN RETE BRI 32 55
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Figure 4 (Color online) Enthalpies of flue gas and air (a) and flue gas
temperatures versus secondary air temperatures (b).
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Figure 5 (Color online) Relationship between pinch temperature
difference AT of AP and exhaust gas temperature Tg, ., in OEU system
(a) and FGC system (b).
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Figure 6 Boiler efficiencies of OEU system and FGC system.
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Figure 7 (Color online) EUD of moderate and low temperature flue
gas zone in boiler for two systems.
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GrAE i DO IR X B4 45 20 501 290.51815.16 MW (&
7(b)). FEEJFKZOEUR G AR IR X MRS 5 5% M L
A TEILHED, 2RI AR 22/, AR AL ] i
SR/, BLBOBU RS TE B AR IR X R A 5 L
AEZ 5 NUCAL.

4 45k
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(1) 32 PRI vEri nl Pds T iR 22, IS RGAE iR
JHA X 2 E I COL, B EL Pl ¥ el K. BT
OEU £ 4t i il [H] A28 1 S iR A T 2K T FGC &
4t, OEU RS H iR X 5K T H Bl xeqersa i T FGC &
Gixpoe, MIAER3a ST KT HHSAEE, OEUR SR
FIFGC & Gt 1 il X H ViR EE T, 73 3 578.4°C Al
441.7°C, & FGC ZR Gkl DX R #viE K.

(2) & RV AT DARG DR 2 T 2R AR A IR X
IR R, (HJR 2 BR T 32 AL G R 2, IR

BEARETLIRIE =, 7RI iR 2 N30°CH, OEURSAN
FGC R GEHIHREIR B T, o 73 3 9126.0°CHI172.6°C, X
L PRI R R oiier 7990 H192.85% H1190.64%.

(3) OEUR Gt H i X Ml S 5 % B Tt #1425 B T
e, 7552 RG22/, ANAl AL A S| R 5
/N, OEU R GeAE A il X R X 1 452 9 51 2 0.43 Al
3.39 MW, FGC R FG7E H il X G X A3 2 5 A
0.51/15.16 MW. TiHHOEU £ Gt 75 4 b v I X 110 1
A5 T RE S E UL,

S 3
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Effect of two methods for flue gas energy extraction over the entire
temperature range on the tri-compression sCQO, coal-fired power plant

WANG ZhaoFu', XU JinLiang'”, SUN EnHui', LIU GuoHua' & GUO YuanDong'

: Beijing Key Laboratory of Multiphase Flow and Heat Transfer for Low Grade Energy Utilization, North China Electric Power University, Beijing
102206, China;

2 Key Laboratory of Power Station Energy Transfer Conversion and System (North China Electric Power University), Ministry of Education, Beijing
102206, China

For the supercritical CO, cycle (sCO,), the tri-compression (TC) cycle significantly improves thermal efficiency compared to the
recompression cycle (RC). Then it is necessary to construct a TC coal-fired power plant for further efficiency improvement. Flue gas
energy extraction across the entire temperature range is a serious challenge for indirect sCO, coal-fired power plants. A flue gas
cooler (FGC) installed in the boiler tail flue and a combined cycle based on overlap energy utilization (OEU) are designed to address
this issue. The basic cycle is tri-compression plus reheating (TC+RH). Two thermodynamic models of OEU and FGC are constructed
in conjunction with the boiler’s thermal-hydraulic characteristics. Due to a lack of flue gas heat load cooler and a pinch temperature
difference limit of 30°C, the boiler exhaust flue gas temperature (7y,,) for the FGC system is as high as 172.6°C, lowering boiler
efficiency to 90.64%. However, for the OEU system, Ty, ., can be cooled to 126.0°C, which corresponds to a boiler efficiency of
92.85%. Additionally, the FGC system’s energy destruction in the moderate- and low-temperature flue gas regions is greater than that
of the OEU system, indicating that the OEU system’s energy quality of flue gas and working medium in the above-flue gas region is
more closely matched.

tri-compressions sCO, cycle, entire temperature range, overlap energy utilization, flue gas cooler, boiler
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