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Abstract: As the core equipment of supercritical carbon dioxide (S-CO;) Brayton cycle, there is a lack of reliable
evaluation and test verification of the overall performance. An in-depth simulation and performance analysis of one
axial turbine are carried out, focusing on the impact of inlet and exhaust housings with experiment results for
different operating conditions. The results show that the numerical calculation method and model are able to
evaluate the performance at different load conditions more accurately. Compared with the test results, the maximum
efficiency error is 1.77 percentage point and the flow rate error remains within 5.6%. The crown pattern can reduce
leakage and mixing losses, and increase efficiency by 1.4 percentage point compared to the common top clearance
pattern. Simulation results show that the efficiency of turbine unit is reduced compared to turbine stage, with a
maximum reduction by 2.9 percentage point. The flow loss of inlet and exhaust housings is the main reason for the
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reduction. The research results can provide technical support for the design and performance simulation of S-CO;

axial turbines.

Key words: supercritical carbon dioxide; axial turbine; asymmetric inlet and exhaust housings; crown; experiments
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Tab.2 The pressure loss of valve
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Tab.3 The 1D design parameter
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Tab.4 The design parameters of inlet and exhaust housings
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Fig.34 The static pressure coefficient on the first stage vane surface
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Fig.35 The static pressure coefficient on the last stage rotor surface
54 B TR, BRI, 5 e A
ZRA

1) FE TR MR B E SAIE T A SR S-CO;
BT SRR H T AR AT EENE, BORIRER K
RNLTT By, MERZER KN 5.6%.

2) Itk S-CO2 % -5l - THi R FH it A2 = m B

http://rifd.cbpt.cnki.net

HALE, HLARCRIET 1.4 H ) Ao

3) ETHLA Gie i+t meh) BeR5in
ROAFME, BORREIRT 29 Ao, EEEHR
BEHER T A R R B 45 K3 A

4) S WR5E NBURNIE SR UL, HE




5 6 31

LT 55 i — SRR A S T B HE TS AL RERE T T 5 SiE 145

AT S HUE BRI K. R
FeRHREE AL RE D, IR FC PR AR ZEAE 0.69
[ER 0=t

[& % 3 #]

[1] CHOJ, CHOI M, BAIK Y J, et al. Development of the
turbomachinery for the supercritical carbon dioxide power
cycle[J]. International Journal of Energy Research, 2016,
40(5): 587-599.

[2] UTAMURA M, HASUIKE H, YAMAMOTO T.
Demonstration test plant of closed cycle gas turbine with
supercritical CO2 as working fluid[J]. Strojarstvo, 2010,
52(4): 459-465.

[3] ODABAEE M, SAURET E, HOOMAN K. CFD
simulation of a supercritical carbon dioxide radial-inflow
turbine, comparing the results of using real gas equation
of estate and real gas property file[J]. Applied Mechanics
and Materials, 2016, 846: 85-90.

[4] PERSKY R, SAURET E, BEATH A. Robust design and
optimization OFA radial turbine within a supercritical CO2
solar Brayton cycle[C]. The fourth world congress of
structural and multidisciplinary optimization, 2015: 1-6.

(5] FHCF, BT, kO, 55 im 5 2 msh i

ARG BRI sk R [J]. #7735 °F, 2016, 45(2):
85-94.
FENG Zhenping, ZHAO Hang, ZHANG Hanzhen, et al.
Research progress on supercritical carbon dioxide power
cycle system and its power unit[J]. Thermal turbine, 2016,
45(2): 85-94.

(6] EMH, WA, fKik, 55 HoHEUBIN AR —E5 Ik

)0 3% P B PR RE B ST [I]. #JIIE T, 2016, 45(3):
184-188.
WANG Yugi, SHI Dongbo, ZHANG Di, et al. Study on
aerodynamic performance of a partial-admission
supercritical carbon dioxide radial-inflow turbine[J].
Thermal turbine, 2016, 45(3): 184-188.

(7] M5, HKE, 3G, %5 5 MW ilm 5 CO2 [l

BTk KA TR A 0], TR AV B2 4R
2019, 40(10): 2260-2265.
LI Xiangyu, FENG Yongzhi, JI Wenhui, et al. Design and
off-design performance analysis of 5 MW supercritical
carbon dioxide centripetal turbine[J]. Journal of
Engineering Thermophysics, 2019, 40(10): 2260-2265.

(8] JAJBLER, Ak, (EWerk, 55 flm 5 — S mAL & g

W R iE T et 5 A 0] TREAWBLE R,
2019, 40(6): 1234-1239.
ZHOU Aozheng, SONG Jian, REN Xiaodong, et al. The
study and analysis of supercritical carbon dioxide Brayton
cycle and its radial inflow turbine[J]. Journal of
Engineering Thermophysics, 2019, 40(6): 1234-1239.

(9] E&, XIEWE, E5%. Him A — SRk R E

AR TR 20 M [3]. 30 70 TRE %4k, 2021, 41(3):
183-188.
WANG Zhi, LIU Yali, KUANG Xuanyi. Analysis of off-
design characteristics of supercritical CO2 single-stage
axial-flow turbine[J]. Journal of Chinese Society of Power
Engineering, 2021, 41(3): 183-188.

[10] TANUMA T, SASAO Y, YAMAMOTO S, et al
Numericalinvestigation of exhaust diffuser performances
in low pressure turbine casings[C]//ASME Turbo Expo:
Turbine Technical Conference & Exposition, 2011.

http://rlfd.cbpt.cnki.net

[11] MgEME, A, HA%, 5 fFRse S ie i a

TE R BBl It ae 0t 7E 2 R [9]. #AhEsh ) AL, 2021,
36(10): 137-146.
TAO Chunde, GAO Jie, NIU Xiying, et al. Advances in
aerodynamics performance of the interaction between
exhaust volute and axial turbine[J]. Journal of Engineering
for Thermal Energy and Power, 2021, 36(10): 137-146.

[12] BEschn, BRRH, 2%, 5. IREENLUTARE<m7e sl
RERFFFE[J]. U 22 2038 K 22 554, 2020, 54(1): 126-134.
XUE Wensong, CHEN Yang, LI Jun, et al. Investigation
on the aerodynamic performance of the steam turbine
tangential admission volute[J]. Journal of Xi’an Jiaotong
University, 2020, 54(1): 126-134.

[13] BesChs, 27, BRRH, 5. B A0 FE A B TR AR 5

BUDT Ry Sl 72 Bl PR RE RO RE A [J]. 7 22 580 KA
1%, 2020, 54(7): 95-103.
XUE Wensong, LI Jun, CHEN Yang, et al. Effects of
transverse distance and cross section shape on
aerodynamic performance of tangential admission volute
of steam turbine[J]. Journal of Xi’an Jiaotong University,
2020, 54(7): 95-103.

(141 SKAZAH, 2k, 5 ER, 55, W50 I 5 a8 b HE =

FeEE AL SR RE AT [I]. WAL EAE, 2021, 42(4):
39-53.
ZHANG Linan, LI Honglei, YUE Guogiang, et al.
Structural optimization and performance analysis of intake
and exhaust volute of a turbocharger[J]. Chinese Internal
Combustion Engine Engineering, 2021, 42(4): 39-53.

[15] Efd. FREHL Mt I e i R BUE L[], 2
ZHEROR, 2018(6): 123-125.

WANG Jian. Numerical simulation on HP inlet of ultra
supercritical steam turbine[J]. Equipment Manufacturing
Technology, 2018(6): 123-125.

[16] elafE, ZuCR, #H. —MiRfHAw Rk
TH). Wiz sh 11254, 2017, 32(2): 455-462.

HUANG Ende, CHU Wuli, DONG Wei. An optimal
design of a turbine exhaust volute[J]. Journal of Aerospace
Power, 2017, 32(2): 455-462.

(171 s, AR JER PR A HE U se A BTt [9].
HeEF A, 2016, 37(10): 1839-1846.

HUANG Ende, CHU Wuli. Optimization design of an
asymmetry turbine exhaust hood[J]. Journal of Propulsion
Technology, 2016, 37(10): 1839-1846.

(18] #EMFF, ZENI, Z%E. AU BTIREHETIRTS

ZhPERER I BB T T[], 7Y 2 A R 2, 2020,
54(1): 116-124.
DONG Yuxuan, LI Zhigang, LI Jun. Effect of preswirl on
the aerodynamic performance of the gas turbine exhaust
volutes[J]. Journal of Xi’an Jiaotong university, 2020,
54(1): 116-124.

[19] BURTON Z, INGRAM G L, HOGG S. A literature review
of low pressure steam turbine exhaust hood and fiffuser
studies[J]. Journal of Engineering for Gas Turbine &
Power, 2013, 135(6): 062001.1-062001.10.

[20] MOUSTAPHA H, COOLING A, ZELESKY M F. Axial
and radial turbinesfM]. USA: Concepts ETI,
Inc.d.b.a.Concepts NREC, 2003: 1.

[21] SMITHS F. A simple correlation of turbine efficiency[J].
Aeronautical Journal, 1965, 69(655): 467-470.

(DUESH KR




