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Thermodynamic Analysis of Supercritical Working Fluid Brayton Cycle
ZHENG Kaiyun
( Shanghai Power Equipment Research Institute Co. Ltd. , Shanghai 200240, China)

Abstract; [ Introduction |N,O, C,H,. SF, are used as refrigerants or working fluids in Rankine cycle. The critical and physical
properties of these refrigerants make them as potential supercritical Brayton cycle fluids. | Method | By using a self-developed MAT-
LAB program and REPROP physical property database published by the National Institute of Standards and Technology (NIST) , ther-
modynamic analysis of supercritical N,O (S-N,O) , supercritical C,H, (S-C,H, ) and supercritical SF, ( S-SF, ) Brayton cycle was
conducted with comparison to supercritical CO, ( S-CO, ) Brayton cycle. Recompression cycle was selected for study, and a variety of
conditions were calcuted with turbine inlet temperature in range of 300 ~550 C, pressure in range of 15 ~25 MPa, and pre-cooler
outlet temperature of 32 C and 47 C. [ Result | Thermal efficiency calculation results show that S-N,O, S-C,H,, S-SF,Brayton cy-
cles all exibit high efficiency, and the efficicy is higher than the coresponding thermal efficiency of S-CO,Brayton cycle, and the ther-
mal efficiency is always improved with the increase of the inlet temperature of the turbine, but the increase of the pressure does not al-
ways increase the cycle thermal efficiency. The increase of the outlet temperature of the precooler leads to a significant decrease in the
cyclic thermal efficiency. . Flow calculation shows that the total mass flow rate and turbine inlet volume flow rate of S-N,O, S-C,H,,
S-SF,, S-CO, cycle are much higher than steam Rankine cycle with similar parameters, but the turbine outlet volume flow rates of
these four supercritical fluids are close to each other. [ Conclusion]S-N,O, S-C,H,, S-SF, and S-CO, cycle all have potential appli-
cation value.
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Fig. 1 Schematic diagram of recompression cycle
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Fig. 2 T-s diagram of recompression cycle
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Tab. 1 Comparison of calculated thermal efficiencies and efficiencies
reported in the literature for S-CO, recompression cycle

BHBEAD BEAD B
W/ C JEJ)/MPa LI/ C

AR 27530k

R s a0 s %

550 15 32 2.0 43.0 42, 7014]
550 20 32 2.6 45.5 45,4014
550 25 32 3.2 46.5 46. 4114
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Tab. 2 Preset parameters and working conditions for cycle WS ERGE

thermodynamics analysis Tab. 4 Optimized thermal efficiencies of S-C,Hg recompression

BH A cycle under various working conditions with pre-cooler outlet
BEADRE, C 400, 450, 500, 550 temperature of 32 C
¥ A LR 71/ MPa 15, 20, 25 ‘ i
N " BEAD  EFPAN - B #og
B d# i R E/ T 32,47 WEE/ TN/ ML i /%
FEERHLAE AR % 89
. 400 15 3.05 0.70 38. 84
BV AR % 90
B AR R/ % 95 450 15 3.07 0.72 41.35
mlH N2/ C 10 500 15 3.08 0.74 43.35
550 15 3.08 0.77 45.12

S-N,O0, S-C,H,. S-SF,. S-CO, FiJE4i{GFr1E

AR S TN TR PR 0 T M
AL RN 3 ~ %K 6 i, Bk L, HEEF
AR RIE ST, TR AAROREE S . (F R R ) " Y . LR e
WA FIS, S-N,O Fl S-C,H, & FF1E BT A [E ¥ 550 20 4.08 0. 80 46.91
y\j 400 OC HTJ', \i/[]}&&_TIZ‘)\ D)‘T‘ij 20 MPa %%E 400 25 5.02 0.79 39.25
25 MPa, {EHRPECR R TIRA T, 450 25 5.02 0.79 42.68
TGS SE 225, EMHIF N RICERE (32 ©) 500 25 5.04 0.80 45.49
4T, N,O, C,H,, SF, W4 F1JE J1 53 5 Hy: 550 25 5.05 0.82 47.67
6.58 MPa, 4.85 MPa, 2.78 MPa"”', S-N,O. S-
C,H, . S-SE, AP fie (I Fi LLXT L 9 A AILA %5 SSFEEREAREFSHEHORERN2 T
TR AR RME, FER IR T T i B fE B

Tab. 5 Optimizedthermal efficiencies of S-SF4 recompression
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Tab. 3 Optimizedthermal efficiencies of S-N, O recompression

cycle under various working conditions with pre-cooler outlet
temperature of 32 C

cycle under various working conditions with pre-cooler outlet #HEAH  #EmFPAH i F AL
NERET 5 . %50 B
temperature of 32 C W/ T JEJ)/ MPa B /%
. . .. N 400 15 5.39 0.77 39.16
BEAD  BEAD EH EE AL
g/ T K7/ MPa 1y /% 450 15 5.39 0. 80 41.54
400 15 2.27 0.52 37.71 500 15 5.39 0.82 43.36
50 15 2.2 0.52 0. 41
4 / 404 550 15 5.39 0. 84 44.98
500 15 2.27 0.54 42. 65
400 20 7.19 0. 81 39.83
550 15 — — —
400 20 3.03 0.59 38.50 450 20 7.19 0.82 42.63
450 20 3.03 0.59 41.77 500 20 7.19 0.84 44.70
500 20 3.03 0.59 44. 64 550 20 7.19 0.87 46. 52
550 20 — — —
400 25 8.99 0.83 39.96
400 25 3.70 0. 64 38. 41
( .9 . .
450 25 3.70 0. 64 41. 88 450 = 8.99 0.83 43.06

550 25 — — — 550 25 8.99 0.88 47.28
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Tab. 6 Optimizedthermal efficiencies of S-CO,recompression

cycle under various working conditions with pre-cooler
outlet temperature of 32 C
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Tab. 7 Optimizedthermal efficiencies of supercritical working fluid
recompression cycle under various turbine inlet temperature with
pre-cooler outlet temperature of 47 C

MRS AN T2y 75 hS »:
BEALD  BEBEAD By AL . BEEALD BEBEAD R N
o FE I o > TR j: ¥ FELL  ERGE R/ %
R/ T JEF)/ MPa e /% R/ C EJ1/ MPa
400 15 2.00 0.59 35.78 400 20 5.09 0.83 36. 14
450 5 200 0.59 38.78 S-SF, 450 20 5.09 0.85 39.06
500 20 5.12 0.87 41.16
>00 15 1.98 0-55 4107 550 20 5.11 0.90 43.02
550 15 2.00 0.62 43.01 400 20 2.16 0.65 34. 61
400 20 2. 60 0.59 37.56 S.N.O 450 20 2.18 0.65 37.80
“iN2
450 20 2 63 0.59 40. 80 500 20 2.28 0.67 40.43
550 20 — — —
Q
500 20 260 059 43. 44 400 20 2.90 0. 80 35. 41
550 20 2.64 0.61 45.70 S.C.H 450 20 2.92 0.82 38. 41
400 25 3.21 0.63 37.75 2 500 20 2.94 0. 84 40. 60
450 25 321 0.63 4118 550 20 3.10 0.85 42.77
400 20 2.08 0.67 33.58
500 25 3.21 0.63 416 S.CO 450 20 2.08 0.67 36.92
550 25 3.27 0.63 46. 58 ? 500 20 2.07 0.68 39. 49
550 20 2.07 0.70 41. 66
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Tab. 8 Mass flow rate and volume flow rate through turbine
for supercritical working fluid recompression cycle

TR #EEAH MFEER BFARRE/(m s
TORE/SC B/(tesTh AL o
400 6.515 36 13.38 77. 81
450 5.748 46 12.89 74. 80
S-SF, >
500 5.146 18 12. 47 72. 34
550 4.653 04 12.09 70.18
400 4.187 77 26. 50 64.92
5 3. 25.21 2.0
S-N,0 450 654 78 5 6 4
500 3.251 91 24.23 59. 87
550 — — —
400 2.088 50 19. 64 66. 63
50 1.827 56 18. 64. 0
S-C, H, 45 827 77 64. 08
- 500 1.612 70 17.92 61.95
550 1. 447 30 17.26 60. 30
400 4. 800 30 30.70 65.83
50 . 226 0C 29. 4( 3.
$-CO, 450 4 6 00 40 63.93
- 500 3.743 93 28.09 60.76
550 3.381 23 27.18 59.76
4 Zig

AR3CE % S-N,O, S-C,H, . S-SF, it 4i1E
RTEB T A LR BE 300 ~550 C . 715 ~25 MPa,
VA FHELEE 32 °C (JK¥%) #1147 C(Z5%) 145
R T BLEI IS 1220087, LAKS S-CO, RGN
XFHCAFTE, fH EEE T .
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PR S 80 A ROR 3 T R
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