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The Selection of Power Cycle Technology for the Power Generation Island of a

Thermonuclear Fusion Power Plant
WANG Donglei™, CHEN Qi, XU Dagian, SUN Xiao, LUO Xianyong, ZHU Guangtao
( China Energy Engineering Group Guangdong Electric Power Design Institute Co., Ltd., Guangzhou 510663, Guangdong, China )

Abstract: [Objective] By adding an energy storage loop, the intermittent energy produced by a thermonuclear fusion reactor can be
converted into continuous energy. If this continuous energy is to be further transformed into electricity, which is the most commonly used
form of energy for economic and social development, an appropriate power cycle technology must be selected. [Method] Models for
both the supercritical carbon dioxide (SCO,) split-flow recompression Brayton cycle and the helium Brayton cycle were established by
using Aspen HYSYS software along with the REFPROP physical property calculation method under the China fusion engineering test
reactor (CFETR). The effects of main parameters on the cycle efficiency were studied and a comparative analysis of the steam Rankine
cycle, the SCO, split-flow recompression Brayton cycle, and the helium Brayton cycle was conducted. [Method] The SCO, Brayton
cycle is recommended as the power cycle technology for thermonuclear fusion power plants. [Conclusion] The analysis and conclusions
regarding the power cycle technology for the power generation island of a thermonuclear fusion power plant can provide important
references for subsequent research on fusion power generation technology and engineering design.
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Fig. 1 Diagram of the steam Rankine cycle process
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Fig. 2 SCO, Brayton cycle temperature entropy diagram
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Fig. 3 The process flow of the simple regenerative Brayton cycle
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Fig. 5 The process flow of the reheating and recompression

Brayton cycle
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Fig. 6 The process flow of the intercooling and recompression
Brayton cycle
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Fig. 8 Helium Brayton cycle temperature entropy diagram
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Tab. 2 Initial conditions and device parameters in the Aspen
HYSYS SCO, Brayton cycle model

SR Hld
v O S 0.93
JEAHLRCR 0.89
IR /MW 600
EHIKA LHRE/C 25
[ BACRS v i i S Uk 22/ °C. 10
FIRGEHLA IR/ C 32
FHRAEHLA T R F1/MPa(a) 7.7
ARG R/ MPa 0.65
RGeS IR/ C 550
RS Ine K 1/MPa(a) 20
PR IR/ C 395.5
FIRLEHLT =8 0.6

3 Plate-101 2

11 Aspen HYSYS #1318 SCO, # B E RIS
Fig. 11 The SCO, split-flow and recompression cycle model
established by Aspen HYSYS

422 %X CFETR 1 %4141 SCO, i B TG AR

Lot

1) 5 CFETR il 55 AHVLBL Y SCO, 43 3t FF R
FIER FE TSR

CFETR — [m] #0282 — JUhl R ERAE J it A I
et 5 AL 4 SCO, Afi B UG 248 T 0T i R T R R
1.066 1 GW, i A A 25 I A SCO, I FE AN hif

# 3 Aspen HYSYS SCO, A EMERZRERTELER
Tab. 3 The calculation results of each state point of the Aspen
HYSYS SCO, Brayton cycle

WA REE/C JESI/MPaa)  WEH(kgs ) FaAKTkg )
1 550 19.64 3133.58 1035.4
2 4393 7.99 3133.58 913.14
3 162.5 7.87 3133.58 597.22
4 70.9 7.75 3133.58 480.22

4-1 70.9 7.75 1880.15 480.22
4-2 70.9 7.75 1253.43 480.22
5 32 7.7 1880.15 306.23
6 60.9 20 1880.15 326.75
7 148.8 19.88 1880.15 521.76
8 158.5 19.88 1253.43 537.35
9 152.6 19.88 3133.58 527.99
10 394.3 19.76 3133.58 843.91

KT 250 °Co o it Il AR A L e 44 2% — R
AT fe il e P9 B ) E g A 4 # 28 (PCHE) , AT AE
P2 1 48t BB A8 R R A T T S R AR Y o S U 22
VA 8 A 280288, AR S8 BT 25 ¥4 iy i 140 1 25 4y
10 CP FEAEHLA LR R O 25 T 1
BRI R 77, B 32 °C 1 7.7 MPa(a) ™", 3 F850R
B 93%, JE 4G MLSCREL 89%, 5 3CHk [50] —F ., K
e AR A EER AT SCO, e B, Ho g iy 25 2 2% (] $%
3 SCO, IR PHEEI A f RGN 20 €, Ik
HECREE A 560 °C, U SCO, Hi 16 B B 540 °C, %
T 5 28R W TG I F 78R BEAR ], R T — 35
T d . R G H i R J1HL 20 MPa(a), & 4t B
0.65 MPaP™, Yo HIK A TR EEHL 25 °C, EIRSFHL
BYHHL 0.6, SCO, 43I i FE AR G I £ 22 T 280
5 PR

2) R G FESHOHE IR A0

PL Aspen HYSYS #:37 f SCO, 43 ¥t F-H 4 1 2
AR CFETR i1 A4 MR AHDCRC i) 22 T S48
SEERH, ST R RAEPLI YA . RGN DR
GRS R IR FR R 52

(1) ERBEHLH R

£ 4 Aspen HYSYS SCO, HEMEAZT T EIZFITEER
Tab. 4 The calculation results of the main devices of the Aspen HYSYS SCO, Brayton cycle

IR R [l AR PR R P a4 FIEZEHL FIESRHL i UEEDD SCHRAIEFR 0
HEMW MW WEMW MW RMW SHERMW RMW R SR e,
600.00 989.96 366.63 327.11 38.58 7161 383.08 4548 46.12 139
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Tab. 5 Initial conditions and device parameters in the Aspen
HYSYS SCO, Brayton cycle model

E T Kl
BVRCE 0.93
JEAEHLRCE 0.89
PIRTIH/GW 1.066 1
RHIKA B EE/C 25
[ A 4 i o S ek 22/ C. 10
FRGEHLA LR/ C 3
FIEAHHLA L J1/MPa(a) 77
AR5 B EFFE/MPa 0.65
ARG/ C 540
Y 1/ MPa(a) 20
PIFA RS/ C =250
FIRGEHLT A 0.6

F= e 4R ML o 43 A5 08 PR A8 Y G & & 12
Jiow, HIERT LVE t, PR RCRRE S 3 R 48 UL 1
B T T B R A, JURR R ME AR b o HE A R4
BLIY T BT 23 e 2800 TV 2% fH AN A0 Bt A T2 20,
XA B IR P Sl R R AN, DA R AR ST
R R, S HAR B MG AR, NS AT el
IR TR 4E ML B 03 0, (B % 2 R 48 DL I 2 A 4%
W/, AR ALE T AR I 1] R RS I R 23 B
A UL S A/ T 2 R R, A A PR IR ] AR A
T g B, 2 e PR gk 1] B 25 B i o 25 5 /N T 0, )
F AL R HUCH 41%.

(2) EERAHILAL LT

F AP B 7 5P R0R R ¢ & Ik 13
48
46 L
44 L
42+ 43 .45

40 - 41.23
38+ 39.38

46.16

3 &

36+
34

60 70 80 90
FEAHLIL R E5 %
12 EEFENREH S TERBE M
Fig. 12 Effect of the flow share of the main compressor
on the cycle efficiency

Fiw, AT DUE ), TR BOR I R4 PLA H
T T B WAL . EEEHLA O RS TR,
FEAE LA T S FNES- Y 01 7 25 A0 R T 8, 76
AL VRGBS A R AR R AE T, R4 LT
FESW/N, 33 I 2082, 38 S0 B A R
TR B FE D), TEARCRE WA, Rtk,
A 3 v WO ARG, R ] BB R AR 32 e 4 LA
7, HFE g8 ML O 13280, 3 46
MU T 3 2 20 T 8, 5 S5O ek A 2 ) s
1T T e IR 4 A 11 TR IR, 25 A
T [P AR O 22 A8 /N T 0, FRARALA O S B
} 7.7 MPa(a).

46.50

46.45 |

7.'7 7..8 7.'9 8 8.‘1 8.‘2
FIEGEHLA T E J1/MPa(a)
13 FIEBHNOFENXHEIRER M

Fig. 13 Effect of the inlet pressure of the main compressor

on the cycle efficiency

(3) ERPLE AR

F AL O R 56RO R WK 14
Frn, HEP VR, TEASCENE R4 LT O
TR TtE BT R . ERGEHLE O TS, 7
HoAth 25 A B R OU T, 3B A R 45 HLFE D) 24
SIHETN, 2R AN R T AR AL A6 2, 16
47.00
46.501
4600}
H 4550 | 45.93

< 45.00} 4531
€ 4450|
44,00}
43.50

46.46

%

44.57

19 20 21 22
FRGHLH HH J)/MPa(a)
B 14 EEFHHLHOEDIHERLEZM
Fig. 14 Effect of the outlet pressure of the main compressor
on the cycle efficiency



5 4 1]

FARE, & PRI A B S SRR A £ 29

IRCRB W E . I, SR R IR R0R,
ST RERA N F R 4E ML 101 F7, 2 R AR I 1] 3R 7 44
Uiy 25 AN /NT 0, ERGELH R BCN 22 MPa(a).

3)SCO, i B A FF e A AR AL iR

233 R G F E S G IEARCER R I
Mr, BUS 0 R G580, B E R HLTR S04 41% .
FE4EHLA R 7.7 MPa(a), F R4 WL DR S
22 MPa(a). 435, SCO, 43 it - s 4 16 BR300
46.46%, T.Fifi &4 5400.20 kg/s, 55 IR 75 A 45 1
WK 6, £ FEB ARG ILZK 7,

% 6 Aspen HYSYS SCO, i E BN R IRE A
RUHEER
Tab. 6 The optimization calculation results of each state point of
the Aspen HYSYS SCO, Brayton cycle

REFPROP. fH¥F F % T .0 S50 F 5L &S50
9 FR!Y, AR AN 15 Fs

% 8 Aspen HYSYS 57 FIAEMEE h
RRRBNSE
Tab. 8 Modules and input parameters in the Aspen HYSYS
helium Brayton cycle model

B Bk MASE
& [2iS 0s AR BE Ko
M= W Vo Ui 2 B P
Bive o A Hh R IR ) B R
a0 s s Ay R R R R
TRIE 4R FE4RHL A HRRIEETT . 0 R ) B
e TR AL JE4RHL UNEFEY Y ES
R s H R EE | DR R R

IS E/C EJI/MPa(a)  Hi/(kgs)  K/(kIkgh)
1 540 21.64 5400.20 1021.6
2 418.6 7.99 5400.20 889.03
3 193.1 7.87 5400.20 632.3
4 742 7.75 5400.20 485.37

4-1 74.2 7.75 3186.12 485.37
42 74.2 7.75 2214.08 485.37
5 32 7.7 3186.12 306.23
6 64.2 22 3186.12 329.84
7 190.9 21.88 3186.12 578.86
8 172.2 21.88 2214.08 550.95
9 183.1 21.88 5400.20 567.42
10 380.4 21.76 5400.20 824.15

& 9 Aspen HYSYS S5 FEIMEE
MBFHRIRESE
Tab. 9 Initial conditions and device parameters in the Aspen

HYSYS helium Brayton cycle model

%* 7 Aspen HYSYS SCO, % ETifEIRE
FEEERUTESER
Tab. 7 The optimization calculation results of the main devices of
the Aspen HYSYS SCO, Brayton cycle

SRR Bl
b B ES 0.90
RN 0.89
HARIIR/MW 310
JEAFHLA DL/ C 35
IREELEHLA D J)/MPa(a) 2.56
JEJ1355/% 5
R/ C 900
R YIRS /MPa(a) 7
PIRA TR/ C 550

R = TR

L TT TP TR T

S T T T T TR e
GW MW MW MW

1.0661 1.38639 793.40 570.75 75.19 145.18 715.63 46.46

43 FRHEMIBEIYE
43.1 MRV R R2ZEXT L

A5 T WUIE A SR A A T RS A AR TR
e R[] AR 4 P A 2R, UL IR 9. R FH R4 Aspen
HYSY'S X240 B WG A T A, R FH s e f
A Z BN 8 it , WAL R A AR A

BV (K-102) HH AR SR ER TR (S) 4
] #4E8 (E-102) #ed45 (6) i A Ti¥R 45 (B-103) il
Ja AR E B4 HL(K-100) , £ E46 )5 (2-1) #E A
[ 72 5 5 (B-104) IR B 5 (2-2) i#F A 5 R4 bl
(K-101), H H T8 (2) & Mg TR (3) 7E R (E-
100) W 345 (4) #E A3 AT

A5 B TE A BT A AR SR EE A L
10, & FERABIUGRIIE 11,

% 11 WA, Aspen HYSYS S0 A 70 5 101G
PRBCR A5 R 5 Sk [11] A H, iR 220N 1.38%,
P WA SC Ik FH 0 B 4L 5 Aspen HYSYS. #1PE 4
REFPROP D) S Jir e #5356 423 H T2 <A1 75 1 4G
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Fig. 15 The helium Brayton cycle model established
by Aspen HYSYS

% 10 Aspen HYSYS &5 A EMBHRERESITELER
Tab. 10 The calculation results of each state point of the Aspen
HYSYS helium Brayton cycle

RS BEE/C JESi/MPaa)  Hif/(kes ) KE/AKkIkg )
35 2.56 170.7 1613.8
2 1127 7.00 170.7 2032
2-1 112.7 425 170.7 2023
22 35 422 170.7 1619.2
3 550 6.92 170.7 4300.9
4 900 6.83 170.7 6117
5 574.1 2.71 170.7 4413.1
6 137.1 2.63 170.7 21442
EZNIE KR =N
432 EFXF CFETR i1 5 4% 114 1Y 20 S04 B 116 PR
Lot

1) 5 CFETR i1 5 5% 40 U i i) 24 <A 7 i
WEETHBH

5 3¢ SCO, i B i 45 LRI ], #4955
$2 1066.1 MW, iF A S5 4438 I3 1) S AR EAS
AT 250 °Co [T AES SR FH D R A Bl X f6e Bt

(PCHE), ¥ Ji i i i 22 0 10 CPY0 IR R 4 HLA
13 B 1 J7H 35 °C Fl 2.56 MPa(a)"", i EA0%
B 90%, JEAR LR ER 89%, 5 3CHk [11] —. #R
SR BRI 540 °C, xR 5 28R B TR L
e SCO, A7 T WG P fie o A o Yk B AR, )T 2647 L
. RGEGE R JIHUT MPa(a), R Ge R 5%, %
HIZK A HREEE 25 °Co 20300 B G B0 32 2 1400
SN 12 Fis

2) ARG EESHONIEIRRCR 1) 5]

Ph Aspen HYSY'S & 37 4 220 A 7 10 7 P45 7
A5 CFETR iU 5t 254 AH VT FC () £ 22 T S 800 3
Tk, A3 M7 i R AR HLH R Sy L IR RZEHLA R
I PR i AL 13 X PR 48R A 5

(DB R AR S

o R R 4 AL R T 0 B AR YOG &
Kl 16 fitn, t B AT LA H TR IR SOR B & = R 4R
BLHE B 7 0 T i SE T e s BRI, A — AR 20
SR i e (G L 1 e FE R4 AL 10 o AR Ak
ghE IR R R 4R ML R J1HUCA 5.5 MPa(a).

(R GG LA 1R 3

I 46 AL 1T B 5 008 PR 80 G OC R
K17 B, e B AT LA Y 06 B R80R B I R 46
BLA RS B T 2 PR R AR . IR R4 LA R
FETH =, AR R AR ALFEDI R I, 15 R R 4e AILFE T A
SPARTIAAS , JEABORBWEAS . BIL, S HAS A
PG FR S0, S AT RE R AR R 48 UL HLEE,
THMRA H KRR S 25 C, T geui 254 5 C, Ik
FEFRZEALA L BE AR 30 <C.

(3) R R ALA i B

R AR HLA R S5 RBOR MR W
K18 fitzn, B AT LA W I IR SOR B = R 4R
HUA R B A T i M 2 v AR . SRR R Za HLA 1D
TREE AT A, 5 AR LA R B B IR BUCA 30 °C.

3) A S A TGS e 2 AL R

LN RG FESECGEIARCRR R AT
Br, B R H RS H B R R4 L 1

Fz 11 Aspen HYSYS S5 G EMEREEFELFITEER
Tab. 11 The calculation results of the main devices of the Aspen HYSYS helium Brayton cycle
IR [l EES ity S RITR 31 i S (AR SR B =Y A A B B TEFR SCHRIEER o
WEMW  RMW  IRMW TIE/MW WERMW UMW RMW ReR e e
310.00 387.30 90.54 68.94 69.86 70.46 290.86 48.56 47.9 1.38
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Tab. 12 Initial conditions and device parameters in the Aspen

HYSYS helium Brayton cycle model

SR Hfe
i B 0.9
JEARHLR 0.89
PIRTIZRIGW 1.0661
AHIKA TR E/C 25
IR ER V2 B B 22/ °C. 10
TREFEARHLA RLEE/ C 35
TRJEFEZEHLA T J1/MPa(a) 2.56
RGEEE/% 5
YR T/ C 540
R G J)/MPa(a) 7
PR A LHREE/C =250

32
31 ¢
30 +
29
28 +
27 | 27.45
26
25

BRI %

%

TEA

40 45 50 55 6.0 65 70 7.5 8.0
SR HL 1 1/MPa(a)
B 16 ®EEHEVEOEAIHEIRLE N
Fig. 16 Effect of the outlet pressure of the high-pressure
compressor on the cycle efficiency

32.0

35T 3173

310 31.22

%

305 +

B2

30.70
30.0 +

IS

1

30.19
295 +

29.0

30 35 40 45
TR EHLA TR EE/ C
B 17 (REESBVNDEEIHER RN
Fig. 17 Effect of the inlet temperature of the low-pressure
compressor on the cycle efficiency

41 '5.5 MPa(a)., Ik /i R R HLA TR 30 €. &
T, S0 TR TG PR ROR N 32.24%, TR >

325
320 3224
& 315 31.73
310
g 3122
£305 30.70
30.0
29.5 L— : : '
30 35 40 45
R IRARHLA FHEEE/C
B 18 BEEHVNDEENERLEZIM

Fig. 18 Effect of the inlet temperature of the high-pressure
compressor on the cycle efficiency

1122.61 kg/s, £ RS TR L5 R L FE 13, 45 FF X
FARIULE LR 14,

%= 13 Aspen HYSYS S HGEMERZFRES
RALTHEER
Tab. 13 The optimization calculation results of each state point
of the Aspen HYSYS helium Brayton cycle

RES BE/C JEJS/MPata)  FiE/kesT)  fAAKIke )
30.00 2.56 1122.61 1587.8
2 86.92 5.50 1122.61 1893
2-1 86.92 3.77 1122.61 1887.4
2-2 30.00 3.74 1122.61 1591.7
3 356.97 5.42 1122.61 3294.5
4 540.00 533 1122.61 4244.1
5 366.81 2.71 1122.61 3337.1
6 96.92 2.63 1122.61 1935.6

4.4 3 FFIAXTLE 53 47

FFX} CFETR S 464, SCHk [46] X785 5 1
AT T LA S B, AR A5 HE B 2R W TR 26
FIEIR RN 44.40%, F 757300 5 N 2 403.469 kg/s.
AR SCH T AL Aspen HYSYS, Sk FH ¥
£ REFPROP X SCO, 43 i P He 41 11 28 Il 24 3 A1
TG ER AT T B 34T, AT 0 PR 35 90 PR 28R 43
AR 46.46% ., 32.24%, 1.5t 551 3128 5400.20 kg/s.
1122.61 kg/s.

2 WE TRER A 1L, SCO, J3 T - 4 76 #%
FA DR 2.06%. 7351, SCO, i B il 1 28 2 AT i
IRRECR T XS T A S TR AIG  FEK D S5
B AR CO, BRI 25 1 R 3AEY, HEREAE
R PR AS Ll R R B L . O BT R4
B B R e iR X R AR 08 A R R A T
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Tab. 14 The optimization calculation results of the main devices of the Aspen HYSYS helium Brayton cycle
IR [mIPas Ve 4% AR H &% ((NENER N o B BV e
FRIGW HRIGW yHR/MW /MW IHR/MW IR /MW IHR/MW B I%
1.066 1 1.57335 390.41 331.98 336.28 338.30 1018.29 32.24

JR it — A REGY, LAHESh HLN F T AR R R AR Ll
BT v [ AR T AR SC G CFETR s AL &40, /A
T TG PR 505 L 2R T 1 R R FAIR 12.16%, RS Ai
TTAGER R T RCR R AE A R T [ SR AR
T RESCHHE CFETR VG it A4 042 R A8 WL i, (H T2
T T R AR AR R 1 B AR A, Kok
AR L R B S SR T T A — A 0 o o A

5 #Hig

AT ZEVTITE G IR . SCO, 43It HE R 4 76 31 Al
AR RWAEIR AT T WFFE 08T, 15 a0 F 2518

1) %% CFETR i1 5 2648, 2813 TR ARG
44.40%, FZEIKITEZ N 403.469 kg/s; SCO, 43
AR 46.46%, TR A 5400.20 kg/s; ZS
AT TRERCE g 32.24%, T4 1122.61 kg/s.

2) T X} CFETR M1 A 5544, 5287 15 G L,
SCO, 73 Uit F & 4 & PR ROCR AT LU 55 2.06% . 53 5b,
SCO, 7 TR FF HA TEERSOR = . X8 18 1345 i 1k
HORAL, FEKAD | 50 B . BAMILRTHE CO, W
55 S 2 LA, HEFENE Dy P 3R A2 r o ke LB R
2o BB R HL. B0 R A =X e R A
TR B AR T R — Y, DA s
FHF AR BAZ R AR L

3) 5% CFETR M1 #5514, 52875 S TR LE,
AN TGRSR 12.16%, ANid A W H T
L5 CFETR VT i (1 #44% 3R 78 i i, {H Pl 1 7R o v iR
JEE IR PR30 245 21 10 25 3 T, ROl A% R AR L i I
JEFFAS RN BT ] DLt — 25 5% Hl A

4)%FF SCO, 7 FHFEAR G IR, TR CRBEE F
FE i AL o 03 450 0 T v T T R A L Bl 32 R R L
A E ) T i g kAR B & RALE H )
T T W, S USR8, WS AT g
53 (i SRR = N M A S | WN R DS B
HEOm B AL T T, ER Tl R A ek [ B 4 A
AAFR BRI

5) X F ARG EWAIEIR, MG PCRBEE = R

A ALY 1 7 T g i e T e e AR, A7 A — SRR
R0 Sty DO NE 194 e A8 75 A AR B B R 4 L
R TR 4 HLA g TR TR 4 AL ) A 10 I 32 T feg T 2k P o
%, S BUREe BE AR, R ] RERE AR 4R ML
FELRE , (H 32 SRV 20 25 1 BR

S 3Lk

(10 3k5e, Rz, BRI, REL R T A% R AR % B A REAR R 58 25
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