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Abstract: [Objective] Oxy-fuel combustion technology is a critical pathway for achieving near-zero emission from
coal-fired power generation, yet its high energy consumption from auxiliary systems constrains economic viability.
Integrating an S-CO. Brayton cycle can improve efficiency, but existing optimization studies predominantly rely on
single-factor analyses, failing to capture complex parameter interactions. This study addresses this gap by
developing a thermodynamic model and employing a multi-factor optimization framework to quantitatively analyze
the individual and interactive effects of key parameters, thereby optimizing system performance. [Methods] A
detailed thermodynamic model of an S-CO; Brayton cycle integrated with an oxy-fuel coal-fired power plant was
developed. To systematically investigate the multi-parameter design space, response surface methodology (RSM)
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was employed. Using a central composite design (CCD) within the Design-Expert software platform, a structured
simulation plan was executed. Four key operational parameters were selected as independent variables: the
economizer bypass ratio, the primary dry cycle flue gas proportion, the high-pressure turbine inlet pressure, and the
cold primary air temperature. The system's net electrical efficiency and exergy efficiency were defined as the
primary performance responses. Based on the simulation data, multi-factor quadratic regression models were
constructed. These explicit mathematical models enabled a rigorous quantitative analysis to determine the main
effect (individual influence) of each parameter and, crucially, to evaluate the significance and nature of the two-
factor interaction effects between them. [Results] The analysis yielded clear quantitative insights. The hierarchy of
influence for the four parameters on both net electrical efficiency and exergy efficiency was definitively established
as: primary dry cycle flue gas proportion > cold primary air temperature > economizer bypass ratio > high-pressure
turbine inlet pressure. More importantly, the interaction effect analysis revealed significant coupling between
parameters. For optimizing net electrical efficiency, the most pronounced interactions were between the economizer
bypass ratio and the primary dry cycle flue gas proportion, and between the high-pressure turbine inlet pressure and
the cold primary air temperature. For exergy efficiency, the interaction between the high-pressure turbine inlet
pressure and the cold primary air temperature was identified as the most significant. [Conclusion] This research
confirms that the S-CO, Brayton cycle can effectively mitigate the efficiency penalty associated with oxy-fuel
carbon capture. By moving beyond conventional single-factor analysis, the application of Response Surface
Methodology successfully quantified the complex interdependencies governing system performance. The study thus
delivers a clear, multi-stage optimization pathway and robust theoretical support for the design of high-efficiency
S-CO; Brayton cycle oxy-fuel power generation systems.

Key words: supercritical carbon dioxide; exergy analysis; Brayton cycle; oxy-fuel combustion; response surface
method

2026 4

b T 1 AR g A s ) LUK, ety 44
7 R, bl SR M P EA BE R R XS
RGBT RIENE. HATEE ) B RCRSE
THIFTARA PR . AR E TR R BEAR T
PO a7 RIGHESE T OB B m B AR, M
DTS 2038 7 70 e 7 R e R R 155 . B8 A v K
BAT IR e fE Rk Rk, KRB N &
Ee B A] F A e YR s R ) A HL R TR S m I B
PERH BB B AR, OO SRR %
A IR BEVR AR R I e

BRI A 4% (supercritical carbon dioxide,
S-CO2) A TR WG A K 22 G4 1 5 1« BB IAFE 45
i, HEBIHR, R4 K OKBHRRE-01%E 2 Mok
HERIREA R UCECRE, i B bR 5t
WA R R TI0 F — AR A . B FeherlM i
DHEHIZIEIANE S LR, BT SR B AL
TFRE T RG MW Angelino®IH H! i) 47 75 36
IR T AR I SR Dostal 258 NPT 7L
R, ZE PR T 550 CIY, S-CO2 i3
TR FRER T RGN, EREE SRR
HRES, S-CO, IR ILH mBCeRE 11, e
ROAME S 53 SRS R4 5550 Bh R Re ke 15
TAEELO A UESE, i RAEERMATTEE S-CO,
B AR R G ARSI T B 43.75%; Bryusm S
PIRSAUT LR B, BRI S-COL fE AR H
R FIRRAS A T AL

http://rifd.cbpt.cnki.net

SR, AR KRZ RABRER S, &
TR E R AL T ) S EBUR I T . TR R
R ELOL R L — AR B (s a s, AHE MBS 24
FARIZAT SR MR AR A HAEH, WRES
HEERB ARG /RN T 0. 52, Z2HEER
AT RS A AT BRI RS G 8, A&
RS A R . ma Bl Cresponse surface
methodology, RSM) ()3 A< FLAE = M| F AH X 25 5 b
) R A 5 B e LU s A BRR A 1 R 2512
AL R AT, RSM FE Mt fe i 8 ) 1
SIS BE ML R ZE 18, HAE R IR R A 1 2 s Th
NiFH, {HTE S-CO, 3R R 411 £ S5 R AL 7T
AR RIEE T

(AL, A SCEE T w2 A XS S-CO, A B
W& AR B R G IR AR T 2
Forb, IR 2R FEUERA, 15
BE R R AR AR Y, LSRR
s HAE, R, IR S-COo;
A T EUE PR R RGBT SRR AL IR AR
1 R4k
1.1 RERER

T AT s 4 0 PR E OR BR 1 4 07 B 17 B v 2
R GRS B A R, BRI IR T
FEARIEIRBCR AR TSN, BN AT N i) 72 1
FEIRNA, ASCRERILE SCHR[L5] % ML S-CO, A5 7Y ) 3k




FoM

SRR S5 T S T A I 5 AR R R G R T 55

fith B oS pk, B 1 i A S-CO2 Al B A A — K
FIAF R4 & EUAEE R B R G A 1 22
S-CO, — K F AT L 4ii AT B W A TR IB AT I 4R
AN TR FUIRAS (7.39MPa, 31.1°C) BLE. 7
FERBEWR: BRJEM COx T NEEIZEF
KA, 2 5 N e R s S A A T
Jo A A e A 3N IR R FAES 5ok B R4 pL
i e s, G 1 TR AW Ay, — 5
TR HEGNUESE, 75— TRaid A 204

B A REN AL TR AEALH O R A G
[l NS, SRR O TR S, AR
i [ A P AR ST TR R I L i el
BEF N AR 5 i R SRR O S O TR & TR
& I Gt od B O $e 78 BE GRS s —
i A I RE RN R E K,
Jead - T el e i A B CRERRVUA BE—
G U FF PG — = T A AR I3 AR T
SEIEAEI .

. 10
! | l%m@$ (BT
T figi | I
B ﬂ%%I | A
la
- . 1
s !
R4
6a g
. FE A fr 2
| i T_ 6
3 4 < >
v [k i )
' %g :*mTﬁWW% inme mEg
. -t ! y ! $ s !
] [ 0
(] [ ]
WA ceccccceeeees B L*‘ﬂ%gﬂﬁ%%
T wenmEs = V
sl N
o | |
...... L ——___2X

1 #8 S-CO MEBMER—RBABERZTEMRLBRGHARNFIER
Fig.1 Thermodynamic model of a novel S-CO2 Brayton cycle with one-time reheating and recompression for oxygen-enriched
coal-fired power generation system
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Tab.1 Main initial parameters of system analysis

24 a4 24 H1E
T 32 PR % 9350 | —RFIEAESLLH%  50.0
REIZEFR%% 94.50 | HHEAR A EL/% 11.0
FIRAENEEI% 90.0 | A—WRKIESEIC 45
BEAFNLS % 91.0 | fEIFEALIE J1/MPa 76
RN L% 33.80 | fEFEAKIEEE/C 32
EEEEAOE/MPa 285 | RHEIIZR/MW 300
T BN LR C 602 | HANRRI% 99.29
REZEFAHEA/MPa 173 || BrrabsdBiHeEsE/(th™) 125.04
R IEF N FREEC 622 | HHIACEI% 42.86

2m =xm (1)
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Tab.2 Validation of the S-CO2 Brayton cycle oxy-fuel power generation system

_—_ REIC 25 AU (kg 57Y) 30
W& IR %
AL SCHR[L5] A SCHR[15]
516.31 516.31 0 2209 2209 0
2 21873 220.19 -0.66 2209 2209 0
3 86.07 86.87 -0.92 2209 2209 0
3a 86.07 86.87 -0.92 746.64 746.79 -0.02
4 32.04 32 0.125 1462.36 1462.21 0.01
80.63 79.85 0.98 1462.36 1462.21 0.01
6 218.21 219.07 -0.39 746.64 746.79 -0.02
6a 215 215 0 243546 242.99 0.23
7 510.33 508.9 0.28 2209 2209 0
8 602 602 0 2209 2209 0
539.09 539.09 2209 2209 0
10 622 622 2209 2209 0

2 ARt
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Tab.3 Design factors and design level numbers

WilE TR
-1 0 1
BRI A% 9 11 13
— XTI S LL ) BI% 30 40 50
i 33k L1 ) C/IMPa 28 29 30
A AR DIC 45 65 85

B Xt S-CO,p & 4R HL R Gui B R n SRR
Tex. 55 Wi I AR 6 AN [R) R M (R 3 415 1 1 45 SR AT 40
G, LT IR A T RR R AT O 2 50 HT
4 N R BT S R A R

4 FMEZRIGITRMAELZER
Tab.4 Design of influencing factors and response results

] AL ES M i
R,

A% B% C/MPa DIC W% ned%
1 9 30 29 65 42.28 45.94
2 9 40 28 65 42.41 46.01
3 9 40 29 85 42.15 45.73
4 9 40 29 45 41.71 45.40
5 9 40 30 65 42.28 4581
6 9 50 29 65 42.77 46.28
7 11 30 29 45 41.98 45.66
8 11 30 30 65 41.23 44.89
9 11 30 29 85 41.43 45.12
10 11 40 28 85 41.98 45.60
11 11 40 29 65 41.95 45,55
12 11 30 28 65 41.97 45.59
13 11 40 30 85 42.02 45.60
14 11 40 28 45 42.35 45.94
15 11 50 29 85 42.29 45.95
16 11 40 30 45 41.83 45.40
17 11 50 29 45 42.24 45.81
18 11 50 28 65 42.97 46.45
19 11 50 30 65 42.23 45.68
20 13 40 29 85 42.13 45.70
21 13 50 29 65 41.96 45.44
22 13 40 29 45 42.18 4574
23 13 30 29 65 41.90 45.54
24 13 40 30 65 41.89 45.43
25 13 40 28 65 42.03 45.61

3 XKBBITSHE T
3.1 M Sz phE 45 R i

Xof e )82 TRTEAT B 53 BT, P AE RS
B, HOR/IN T 520 PR 2505 e A ) 52 M 72
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Tab.5 Variance analysis of net power efficiency of the S-CO2
Brayton cycle oxy-fuel power generation system

JTERW PR B W% FH P>F
Model 3.0400 14 0.217 2 31.6700 <0.000 1
A 0.0230 1 0.0230 3.3500 0.097 1
B 0.2210 1 0.2210 32.2300 0.000 2
C 0.0055 1 0.0055 0.8070 0.3901
D 0.1036 1 0.1036 15.100 0 0.0030
AB 0.352 2 1 0.352 2 51.3600 <0.000 1
AC 0.0257 1 0.0257 3.7500 0.081 4
AD 0.0796 1 0.0796 11.600 0 0.006 7
BC 0.092 6 1 0.092 6 13.500 0 0.004 3
BD 0.0410 1 0.0410 5.9900 0.0345
CD 0.5104 1 0.5104 74.4200 <<0.000 1
A2 0.0420 1 0.0420 6.1200 0.0329
B? 0.1035 1 0.1035 15.0800 0.0030
c? 0.697 3 1 0.6973 101.6800  <<0.000 1
D? 0.880 7 1 0.8807 1284200 <<0.0001
%= 0.068 6 14
RIUE 0.068 6 10
R? 0.9779

Radi? 0.9471
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Tab.6 Variance analysis of exergy efficiency of the S-CO»
Brayton cycle oxy-fuel power generation system

FERE  CFHEM HEE BEE F1H P>F
Model ~ 2.530 000 14 0180400 29.4100 <<0.0001
A 0.023 400 1 0.023400 3.8200 0.0793
B 0.336 800 1 0.336800 54.8900  <<0.000 1
c 0.000 009 1 0.000009  0.0014 0.9708
D 0.118 900 1 0.118900 19.3700  0.0013
AB 0.230 600 1 0.230600 375800  0.0001
AC 0.005 600 1 0.005600 09156 0.3612
AD 0.065 600 1 0.065600 10.6900  0.008 4
BC 0.119 200 1 0.119200 194300  0.0013
BD 0.006 200 1 0.006 200  1.0200 0.336 7
CcD 0.347 600 1 0.347600 56.6500  <<0.000 1
A2 0.031 000 1 0.031000 5.050 0 0.048 4
B2 0.047 800 1 0.047800  7.7800 0.0191
c? 0.540 800 1 0540800 88.1400  <<0.0001
D? 0.658 900 1 0.658900 107.3900 <<0.000 1
T2 0.061 400 14
S 0.061 400 10

R? 0.976 300
Radj? 0.943 100
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Fig.2 Influences of the combinations of influencing factors
on the net electrical efficiency of the system
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on the exergy efficiency of the system
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