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Research on Performance and Parameter Optimization of EBSILON-based
Combined Cycle System for Nuclear Gas
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Abstract: In order to solve the unit operation safety problems existing in the current nuclear power peak
regulation, this paper combines the gas turbine cycle with the steam Rankine cycle in the secondary loop
of the nuclear power plant based on the EBSILON simulation software on the basis of the AP1000 nuclear
power plant secondary loop thermal system model, and proposes three types of nuclear gas combined cycle
system configuration schemes, so as to analyze the established nuclear gas combined cycle system. The re-
sults show that among three schemes, the most efficient combined cycle scheme is scheme [l[. This
scheme is equipped with six gas turbines and replaces two high-pressure heaters and two low-pressure
heaters with economizers, which combined cycle efficiency is 48. 760% . The main parameters of scheme
Il are optimized through genetic algorithm. After optimization, the combined cvele efficiency increases to
49.893% . The nuclear gas combined cycle system could improve the safety for the nuclear power unit.
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HA TSRS TR A I R AR RS
FEAE R AR VRN E 530 °C | SRS FEALAE f i
A% S HEM 16 24 FE i D 2832 4T, #E PR IIE & 4 P ]
A2 HL PR ML AT A 5 e O S R T R R
SCHRLS | istie TR ERHLEE 100% B fifis 17 i)
WEES BRI R FEPERE AR, M A Darwish %
N ERRE AP60O JEZK HERZ HUALAL , ZE T T T T A
F 4 SIS S L D 28RS 80 W, JF
B [al FRERGE AT e, U TR A S PR N R 4L
o ISR , A% RS TR R R AR A B 49. 4% , Bk
BIERZIAE 2 124 MW, AEHESEAT WS
BRE B R G000 R HSA I T, 25 R R
BREPEFR & HH AR AE ) [ W i 3 A W e R R
AU, (HR, LR SOk A ST SIS R S
B R EESHR RO 0T

AICLL AP1000 #% B 3 Ry F 9% % 42, 1A LA
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BB E RN RGN E R, TR0 1 B AE A e &
E TSRS RE RS

1 BSEKARARSEMERR

AP1000 A% a3 — [m] B H RGEWIE 1 B 1%
BALH T AREE P E MR, MR REAE2 6
e AR (AT SR AR ) K 4 6 R i #as
(LA EFRARm) . E283KE S0 6.43 MPa, itk
M1 614 ke/s, IR K 280 C, T4 0. 995 ;I R it
HEVEJ1 0 5 kPa, iff AZEVR A48 A LI 45 K LS
226 C, fnfE 2 frs, 78 EBSLION {5 5P & H5

PRI Bl 4 900 U R IR 22 B KR, 43l 1. 43% F
1.37% , o ER S HAE S BOTHE R IR 4L
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Fig. 1 Thermal system of the secondary loop of

AP1000 nuclear power plant

B2 #ZBi_ERRgEHEEE
Fig. 2 Simulation model of the secondary loop system

of the nuclear power plant
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Tab. 1 Steam extraction parameters of secondary loop
steam turbine of nuclear power plant

(under THA working condition )

3 FEFpEA - h ! TREE/C
1

FEME A RE/% EE BiHE RE%
7S E 299.91  299.90 0 228.1 228.1 0

6N 289.33 288.02  0.45  207.5 206.8  0.34
i S %
4 5% 155.41
3R 241.17 242.35 -0.49 153.1 153.4 -0.20

188.99 188.01 0.52 178.1  179.1 -0.56

156.13 -0.46 214.8 215.0 -0.09

2 Efikhn 228.97 226.86 0.93  98.2  98.2 0.00
WBhAE 16.31 16,09 1.37  84.6 84.5 0.12
1 Sk 153.79 151.62 1.43  65.8  65.9 -0.15

F2 ERENIIERBREFEIER(THA T5)
Tab. 2 Power and thermal economy indicators of

nuclear power plant( under THA working condition )

Z s BEHHE
LR HE T 2R MW 2 904 2 904
S L EEH /K] » (KW - h) 7! 9 598 9 598
K HLIER/ MW 1589 1589

S

B3 #SKEERRNRE

Fig.3 Nuclear gas combined cycle thermal system
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KR, G /K IN BT BRSO SR, PR e 7 T
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FROERTRALEH . DL 5 GRREIL L E R
AP R B S ERE 2 R TR R I 2 5
A SGTS —4000F F<Fe L, %7 5 E H SR
3 ffmo
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Tab. 3 Performance parameters of SGT5 —4000F gas

turbine
Z B Bl
SERREC 15.0
R S)/kPa 101
AR 4 S 0.6
BRBHIE AL & k) - kg ™! 50 012
B IhE/ MW 285
RS HLRCE % 38.6
HAFEF/K) - (KW - h) ! 9326
HES il kg - 57! 685
HERIR /T 580.0

2 BSEEREAREERES T

AR S TR RGN R AT AT, 28
PR AR A | A R SRR,
FE IR AL AR LA 4 R
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Fig. 4 Variation of the main system power with

the gas turbine load
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Tab. 4 Changes of exhaust gas parameters of gas

turbine variable load

AR HLIA i/ % HF R/ C HEUiaE/t - b
100 578.5 2 491.92
90 570.6 2314.35
80 570.4 2 143.27
70 570.2 1987.33
60 570.1 1.835.07
50 557.2 1714.54
40 503.3 1 702. 64
30 452.2 1691.72

MR AP RTTE 30% ~ 100% i Rl 9 A5 4k
s, vy i DR B A b Y il Ry 355.5 ~520.0 C,
VRFS AL AL e T R B e FE e 2 9 BE S v v R
AARATE R 1 311 ~ 1 708 MW, 4% F 5 HE Ty 238 4 1
W2 904 MW i 17, B4 11 21 2 3R A48 fh L [
1740 ~3 140 MW, FECSIEEF D S0 5 A3
HLAE f ff i A7 I s , RS TR R 5, 2 A
UEAZ B2 L HE T 2 44 55 06 for 2 904 MW 3z 47 19 [F]
W, SIS G RGELA R TG R EIERE T, BRI
o HEAS P2 5 1 T AT, R R WL A £ 7 0 T
FEAES . BTSSRI R G AR, %
N HE D SRR T, B T H BT R i R
BRI T 5 | e s e B e T e 2 s R
LR P A8 B A5 45 T Stk IR e pm R

BRSFEHILAS fufof 2 BR B SHE b AMR R AR
SIEAERWNE 5 iR, BRSBTS, i T
MR R SR A B BA b2 = PR R A B, A
PR B HE K L BE AR A A K, BIVRR SRR HL B 17 TR
30% ~100% A5 Ak i, A 345 b HE AR T B2 915 1 29
190.3 ~196.1 C, ESEKENEH R G AEMIERT, B
T L HE T H R A T AT 2 904 MW GE 4T, #4
SECHUHES B P B £ A 2R I I A1, 5 P 78K
SRAAEH B IRBE 3 N R E TR AA AR, , B Ttk A 2%

FRA B HEXR A ARLBE , (28R B A LTI 5 K
TR BEHERETE 226 °C . MRS EHIALE 30% TAfriEfTiT,
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Fig.5 Variation of gas turbine load with main temperature

parameters and supplementary natural gas flow
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Xf m, —BRATRIRECR, % ; 0, — RS EEHLIBRL
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Pt ks O —HBIBAEE S N SRR SBABE T A
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BEIRA TR R G 2 BRI LB A
WL B L FE R G . R AR
SRR IR R, (s s P e LR R R D A8
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IRe ZEIREAERR I O EZRITE N 5 810.40 vh JE
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Tab.5 Main parameter settings of each scheme

I i R KFR2 HR3
1B RS

WA R 5 5 5 6
R TR T 520 520 520 530
S HERIRIE C 196.1 1915 1915  188.5
FHRFEA b 5810.4 5810.4 5810.4 5810.4
R A S AKRIE T 226 226 226 226
IR ORI/ C 280 280 280 280
R4 BEMISUR )/ MPa 0.922  0.565 0.307  0.307
4 SR A1/ MPa 0.55 0,922 0.922 =

3 B £/ MPa 0.307  0.307 0.565 -

2 SRS/ MPa 0.097  0.097 0.097 0.097
HBAMIUE A/ MPa 0.057  0.057 0.057  0.057
1SR/ MPa 0.026  0.026 0.026 0.0
RIERCHER E A1/kPa 5 5 5 5

BERAIEHRRAERE TR 1 WE 6 fin, #
SRETEARGRH 5 BRI REN AR
o ZEIREARHE T 2R R PR A i
PEHINHS R AR IAE] 520 °C |, A3 ER 4i BELE KK IR 28
o 1SR .2 S 3 SR BRERE 4 S, 4
TKGE BEERINPREE 226 °C HEAFKIK KA,

0

IR

i Bk A

P
|

GRS
Sl

Eo6 BSEAEARRREETE—
Fig. 6 Configuration scheme | of nuclear gas combined

cycle system
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Fig. 7 Configuration scheme [| of nuclear gas combined

cycle system
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Fig. 8 Configuration scheme [ll of nuclear gas combined

cycle system

F6 IMARERDER BKEREMHYE
Tab. 6 Main power and combined cycle efficiencies

of three schemes

Z4) BHE HE—- HFEZ HFE=
B R HET) A MW 2004 2094 2094 2094
R AL T % MW 1712 1753 1753 1847
AR AT A/ MW 3144 3185 3185 3564
A IGHRRCR % 47.813 48.434 48.436  48.760
AR/ MW 1431 1431 1431 1717

BTN 22 BV A , B Y 22 B AR A iRk

w37 B,

®T SFHERRIE

Tab. 7 The assumptions for economic model

Z M o HE
A B} E] n/a 20
AFBA I A] Ty/h 5000
OB Cpes/ I8 - GI ! 3.03
BREMIT AL A AR Oy k) - kg ™! 50 047

SRR A SR 2 AR 3 ML AT
HHIETTSI217 20 a A EA TR L, T 58 1
DTSR 2 LG TR SN TR SRR A A, v LA
HAEL R R GERE N A R AR

AR ISR
S = (PCE + PS'I') * Spr v Ty (2)

A Poy— RN A kW s P — 2RIV R A L R,
kW3 Sp—E M B8 AT, 0/ (KW« h) 5 Ty—4F 38 47 i
8], b

BEH T4

P =1/(1+r)" (3)
A ar— G B L 8%

TR 2817 20 a SN cicss A -

SI2 = 3 (s P, -5 )
A S —FE L FE2ERBEIS,TT; S, —JF
FREAE RIS, T,

PSR 3 8mT 1 GRS, 1 T 8RR AL
AFRSEFEHLRAS R (S ) TR MR AHLAY HLAS
C.‘-}T =

€, - Ay =y - In(p,) « (1 + @)

0.92 — 1, (5)
Hf1:C, =1.051 I65C, = 1. 207 T3 A,—Hi AR 5B 3%
Bp,— M T, 808 TR EE, K n— AL
omg,,— BB HURE R A,
Cy = Mg~ Quiy * Cyg ~10° (6)
A A Coe— R B 48, JT/Gl; Qe — R 2 & A &,
kJ/kg; m,,—H & B S5 UK B R & i &, B
14.5 kg/s; Co—ABLNAS, J0/s .
O3 3 1517 20 a Bl Rl
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WHmE LV IE2 IR 5EIEET20 a il
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Ak Ry BARE T4k, B et A 2E & At fk B A%
PRECRT A A

{nz = max(X)

X = (Go,p,,p,P;sP,)

K X—HBRES; 6 —FEHRNE, ke/s; p,,
P, PP, —BREFRHNIE ST 2 SRRy ST B
PR ST 1 SR T, MPa,
4.2 AL REH

(1) F7ERET) p, THEH 6.430 MPa  {EHEGIHE
PR p, TERE R 0. 005 MPa, & T k9708 & A
530 C, IR AERATHKIERE K 226 C;

(2) BRSPS Y PR

(3) YRR —EG

(4) ZK PR GE R LIS HIE 6, =0,)
=1.,£,2,3,
4.3 RUGRSH

BB R TR, A ShA R R
5 ), e AR SR R O BRI T B4R AR A 3 A (1)
HERE, BIZERFUAR b g8 S R ER BT HL AT LA ok B
T—REME, (2) 28X, B AFRHE LB P4~
{4 e R — 22 174 D ) A 40 A [ 3B A7 A BE R, AT 7= A
B, (3) AR, BV LA A9 5 ) e fh e A4
BYFER, BERESEIRE IR 8 FR.

4.1

(8)

x8 HEEEESH
Tab. 8 Genetic algorithm parameters
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Fig. 9 The iterative operation procedure of the genetic
algorithm
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Fig. 10 Optimization curve of the genetic algorithm

BRERG TR RS E E S B RTE Xtk
9 B, MALIE A B m A HERRIEEE 115 °C, B IR
73.5 Co MR — i, h T 2R N R
T, AR AR A R 1 AR, AR A R b HE
R RE RRAR s 73— T T, A B0 H T A 4 K I RE A F
226 °C, i FRR AT SRR, 1A 1A%
HE DR F) 25 7K IR B 29 2429, 5 °C, g /K Wi 4



52 1

Bk 8,53 T EBSILON BiSUHRS IR RLETERE XS B ILHTIE 55

SRR AR S AR R I, AR AP HE AR L BE AR, A
fef5 2 SRR A Al B s 71 1 Sk
VRS BIREAL, 7R AL RS Bl Om A ss
KA FI TR

®9 ZEBSENRRGMEESHMLATEITLL
Tab.9 Comparison of performance parameters of the

nuclear gas combined cycle system before and after the

optimization
Z ¥ HEALHT uniaE
TR kg - s 7! 1 614.00 1714.69
[ S AU 1/ MPa 0.307 0.121
2 SRR J1/ MPa 0.097 0.053
R S/ MPa 0.057 0.053
1 SARANA % 1/ MPa 0.026 0.026
AR HERIR R C 188.5 115.6
ARG % 48.760 49,893
5 & ®

(1) MRS AL AT E 30% ~ 100% 728 Ak, B
BRI FRASALTEE A 1 740 ~3 140 MW, BSIRE
TEFR 7 48 7 1 0 B, A% 2 7 HE D) 28 4E 45 7E 3l 17 7if
2 904 MW J&77, T b 78 RIS TEGH B BA R 5 R
PRI AR, (1 78 VA K AE 2% A LB 48 /KR BE 4 5 78
226 °C, Bz R R HEAS 2 5 1 fep 05, SRS HILR R
TR B S  TTBE A F AL e Ak

(2) XTSI EEA RGBT R,
SATRPIRI GHEV TR, 58
SEEHL, EARTRIR B BB =, (R Ak 2 AR A ] 4
I S 8GR AR R D 3 TR
SHUBEIRE ST, AR HEEIR BE 2 0 188.5 €, F
T3 C,HFE3 HESR AR ARERTHRE L,
FE2, NEFHELE, FR1L.FFE2 5FEFEM
b, 3847 20 ARl 2511, 1542.5g, 1 5 58 3 M n iy
Wedi Ry 15.77 4270, B3R 3 HETEREM TR,

(3) FEMREETTZE 3 MyBEAl I s A kit
J& AP HENRIR BERR A 73. 5 °C, 287 L
100.69 kg/s,2 SARMIHEE S Al BhdR R0 1 %
NI S BRAR, TR R AP RS iR

IS K. BR AR IR AR LY Oy 49. 893% , 4R T
1.133%
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