$53% 452 M #HE R Vol.53  No.2
2024 4 2 J THERMAL POWER GENERATION Feb. 2024

DOI:10.19666/j.r1fd.202307140

AT RLdF kaRIER = ALK
% @R S AVE Lt K ok

xOBL BEYLEZ EHE? FaFx!
(1.3 18 RALIZHF 50 B 45 0 B B R B0 A )0 TR A TR 8], L7 40 225111;
2AKSHAZ R R SRR E AR T T EEER T (flkd ) KF), L% 102206)

il E]| AR R A (S-COp) 89 AR AR HAEFFE S-CO, #3 JE L4 HLEY = 4 S AL M2
VASRAGAE & 69 0csk 2 R, BT, $AA T H ey mtla R ARt — F 300 T R G ALt HRAL e 3 & o
s, AL BRI EHGIF R GEHAED, FRAGEEANBORE S H, REls
éft‘muéilﬁg—/i\“‘)” s o — Y R kAR R \ LR \¥11+; COQEQF.’T‘ V/\lkt/iﬂji-ﬁ-%? AR
W EGEIEAL, RSERT S comwzémm@,m Trike Wil HERE S 4A
AL R HAITI B A A& H R A FINGTF otk EF A Al oh 5t E iRk
#h /14 (computational fluid dynamics, CFD) £ % & A —2; “’rﬁ o iR EHIES CFD 2
RIEL, R E5 A A 0.23%F 1.08%, a5 maEin £ 1.5%, R A%, RARAAHE
R0 BT HL T A B R SR AR OE AR S- COz EANYER R Y C X

[9& e 1—.|:| r?J'\\/—‘T’—QTE*fb, muﬁ@db%/ﬁ‘ ?}mkﬁ‘%’” fETm|

[SIAARTER] A%, Bk, hEE . ATAABEEORER AR B CRBIBRTHE T ED] RAKE,
2024, 53(2): 124-132.  RONG Yi, LIAO Kailong, SUN Enhui, et al. Flow calculation method of supercritical carbon dioxide
centrifugal compressor based on streamline curvature method[J]. Thermal Power Generation, 2024, 53(2): 124-132.

Flow calculation method of supercritical carbon dioxide centrifugal compressor
based on streamline curvature method

RONG Yi!, LIAO Kailong?, SUN Enhui?, WANG Lizhit

(1. Yangzhou Collaborative Innovation Research Institute of Shenyang Aircraft Design and Research Institute Co., Ltd., Yangzhou 225111, China;
2. Beijing Key Laboratory of Multiphase Flow and Heat Transfer for Low Grade Energy Utilization
(North China Electric Power University), Beijing 102206, China)

Abstract: The real gas characteristics of supercritical carbon dioxide (S-CO2) make it difficult to obtain stable
convergence results in three-dimensional numerical simulation of S-CO- centrifugal compressor, and the time cost
of numerical calculation further increases the difficulty of compressor design optimization. To establish a flow
calculation method suitable for S-CO; centrifugal compressor, three-dimensional numerical simulation is carried
out on the compressor to obtain the flow field information and corresponding loss distribution. Then, the one-
dimensional loss model is superimposed in the conventional flow line curvature method, and the CO, compression
factor is calculated in segments along the flow line, thus to reflect the real gas compression process. Comparison
between the calculation results and the three-dimensional numerical simulation results shows that, the distribution
of meridian relative velocity field and enthalpy obtained by streamline curvature method are consistent with the
computational Fluid dynamics (CFD) results. The temperature and pressure data at the blade outlet are close to the
CFD results, with errors of 0.23% and 1.08%, respectively, and a difference of 1.5% in total static isentropic
efficiency. The results indicate that the performance parameters of S-CO. centrifugal compressor impeller can be
obtained quickly and accurately by using streamline curvature method.
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Fig.1 Schematic diagram of the relative velocity component
of the fluid in flow part of the centrifugal compressor
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Fig.2 Solution process for flow calculation
FETHEAR B 77 W A1 R RIRE ), BeRT
1L 7 (6)—3 (7)1 2 i R AR
1

1
o1 1
p :(L] :[LJ ©)
plst Tlst hlst

ka—T_lzg{Z +T[Z—$]J @)

AF: Tists Mists past AN AR LS ke N
A, RGN, SRNALARIEEHER
NIRRT P A KA, —RBUEHE 1.4; THE
S-CO, & R4, S-CO, TEHINE T IX 2 Ik Hh i
2 Cp MR 2 AR K — B JE Lo PRI T R 0
1, AREBUEE. HBRRLIRAARRN, Kk /2hf
TR AT AR A ) o 3K (7) A SR AR IR T 4 A
BRI S, CRIEGRB Z 5 p. T HIRAM
SARE R LR LR T kro NORUEDIPE VT B 7
Wk, A SCUHREH 2 S A IR R B
PRS2

Bl 3 NimfA% R AR E . W 3 B,
BT b 3 i+l s R g A Fe oy
SEAE, FEVHES AT SR AR, AR S




52 3

B B 5 FET A ARIE R IR S AR O R gL T 127

JER (B A ) SR MRS B AR, DL A
@) R — T R L BRI B
ATEHAZ RS FES 2 4G LN CO 48 R ik
(128 S RN TR E S SN v T e 77 Ao

o2k

i+1
FAr ik

B3 mAEETEZRETRR
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Fig.4 The Sandia laboratory’s centrifugal compressor
model and meridian flow surface calculation node division
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Fig.5 Comparison between the results predicted by loss
model and the experimental results
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Tab.3 Comparison between streamline curvature method and CFD calculation of impeller performance
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