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Comprehensive Analysis and Comparison of Supercritical Carbon
Dioxide Brayton Cycle Power Generation System and Performance
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(1. School of Energy and Power Engineering, University of Shanghai for Science and Technology , Shanghai,

China, Post Code ;200093 ; 2. Hefei TurboTides Turbine Technology Co. Ltd. ,Hefei, China,Post Code:230000)

Abstract: According to the principle and characteristics of Brayton cycle, the efficiency and power per-
formance of the layout of power components and heat exchange componerots are compared ,and the influ-
ence of operaling paramelers on cycle efficiency is analyzed. Also, the comprehensive technical perform-
ance and differences of key cyclic power components ( impeller machinery including compressor and tur-
bine) and heat exchange components( heat exchanger) are further explained. It was found that the cycle
efficiency in the experiment can reach 31.5% when the minimum temperature is 32 °C, the maximum
temperature is 342 “C, and the pressure ratio is 1. 65. The decrease of the minimum cycle temperature
and the increase of the maximum cycle temperature are conducive to improving cycle efficiency, and there
is generally an optimal pressure ratio for complex cycles. According to the cycle oulput power, the impel-
ler machinery generally adopts the radial flow( <10 MW) or axial flow structure( =10 MW ) and com-
pared with the conventional heat exchanger, printed circuit board heat exchangers have a more compact
structure and efficient heat exchange performance.

Key words: supercritical carbon dioxide, Brayton cycle, performance parameters, cycle layout, influence

factor, key component
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Tab. 1 The main parameters of the experimental studyfor SCO, Brayton cycle system
i SEYRE 1
e E (T Wi PERES R 3k
MCIP  MCIT TIP  TIT MFR  TRS PR
I 0.78 MW, & HLIHE 0,24 MW,
= [# Sandia ) B
i FE4  7.68 32 13.84 342 2.7 = 1.65 (P33 31.5% ; B 86 ~87%, [9,10]
EE S )
FESR LR 66 ~67%
5 [ 7 g A 7 i EH - - 25 7000 = - 1.65 Zh# 1 MW; [11]
= [H Echogen o] B [A] R - - - 275 - 30,000 - RHTHET MW [12]
Bechtel 7] ; IhE0.83 MW L IIF0.1 MW, {
el P EH - 36 13.5 299 - 60,000 = o . LE ™ [13]
Knolls&Bettis 525G 2 WRE 4. 7% 35 T9. 8%
TR 1.9 kW, 5 T30 % 69% ; 4
-y = fiAEH - = - 277 1.4 69,000 1.4 R B A [14]
IH0. 16 MW ; FEFRELH 7%
[ R HINEE 1.3 MW, R i3 0.3 MW,
i EEA - - 20 500 - 83,000 - o il . [15]
3¢ KAIST TR 19. 6% ;B TF30E 85 %
L Liuied HE4;  7.78  33.2 20 500 - - - REZE300 kW [16]
FEHF KAERI
HEREIA TR MR - - 20 600 83.3 - 1.65 ¥ s MW [17]

FE:MCIP 2 T EAHLA L HE ) MCIT S FRFHLA LR EE  TIP i AL 7, TIT S35 A LHRBE , MFR 2 T4 i i, TRS SR 5% B,

PR At

2 EERRZGHHREME SRR

A T WU B 1 2 A PR A I A 0y s AT 2
Ho Hrp Rl ARG P8R B, HUCR B 012 A0
1A%, Z 5 R LR A ™ o [ 3 KA By
AZMACAR St B . 3% 2 Bk T A5 1m3F A i
K BAERES BB IL LA

S W IR AR A P O RE AR O e A
RS R, RBERCRIR T o Ak ikt , 7EIR A
SRl AT 1R S B DR TR R AR, D
] I PR IE B o H IR I LA — A AR B 4
B, AR A A B 2R BEAOR , 2 S Bl R 43
P REAL P e i TR

Hopihr i oA R | G TRV DL Rt
PR 22X 3 AR . I, AT LA 3 B
W AR HURR & 2 S5 50, i/ — i
AT A v A P B B 22 £, LA Rl A 25 1 e
TR, 2 R TR

T 46 A1 SRy /) e i T R i 382 1 03 1Y
Ty RO o R A ] AR A3 A 0 TR ] A

e AR [ PR , I A [l A 22 ) e o — A~ T
A0 AL AR Ao T TR 98 0 I R ) R g R 1 L B
LA IR R DAL [l TR 2%

I [ R I e B
EAEEIER
T e s IRl

A Il 23Oy
o i I R

e TR/ e i o B
WA l
i R4 65 RN K
WL

)% AR
HIEH HIEF

B3 ERmERHAXREE"

Fig. 3 Flowchart of cycle layout!'™®’



55 10 1] WA, 55 - SCO, A1 TR AT B & i R G0 5 PR RE R 255 20 B HL A - 165 +
F2 AR SCO,HTFMBER LGRS
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Tab.3 SCO, Brayton cycle compressor parameters

" AOKE AR Wbl EEE/(reminT')  BEE/(reminT')  PHER EF/% WFE/%
R Ji/MPa /T (kgesT') wiHA S F/mm EHE S
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Tab. 4 SCO, Brayton cycle turbine parameters
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Tab. 5 Diagram of selection criteria for turbines
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Tab. 6 Heat exchanger structure and parameters
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