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Abstract

The CFD numerical simulation method for supercritical carbon dioxide centripetal turbine was
studied. Based on the self-designed 10 MW S-CO; centripetal turbine, a single flow channel and a
full-circle flow channel were selected as the calculation domain for simulation. The results showed
that the error between the calculation domain of a single flow channel and the design value and
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the calculation result of a full-circle flow channel were both within 3%. Thus, the accuracy and re-
liability of simulating S-CO; centripetal turbine with a single flow channel can be verified. In view
of the difficulties brought by the special physical properties of S-CO; to the numerical simulation
results, the R-K equation, P-R equation and real gas Property table (RGPT) are used to calculate,
and the results show that the three different calculation methods of real gas properties have a
certain accuracy in the evaluation of flow, power and efficiency of the turbine, and the error be-
tween them and the design value is less than 3%. However, when the R-K equation and P-R equa-
tion are used to calculate, the enthalpy and entropy of the turbine have a large error with the ac-
tual gas, and the method of generating the real gas properties table externally is more accurate.
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Table 1. Performance parameters of S-CO, centripetal turbine
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Table 2. Guide vane cascade profile and geometric parameters
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3. M FFERA/LASHK
77 TH AR JUT 24 el
I U 13
g 4MEIm 0.2832
HAE N T s m 0.012
HAE T R m 0.0653
S H MR Im 0.1697
S H A 42 m 0.0392
- T3 6] 2 /m 0.0003

I 5 AR RO ) =4S RN 1 B . o, SR RO 22, shit it 80 130 N
T WA R T, IS 2 R AR B AR, B (] B AN REAE R R IR R AR A A

RRED MR E RN, ARSCRIET IR SRR Y 0.0142 m.

DOI: 10.12677/mo0s.2024.131025 257

m

5


https://doi.org/10.12677/mos.2024.131025

BERAR 2%

Figure 1. Centripetal turbine 3D modeling
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Figure 2. Single channel and full cycle channel calculation domain
E 2. gimEfeAREitEE
3.3. XIS

B T ST S AR 510 5N B Ansys Turbogrid Hidb4T A& %1145, Ril4 J7 i 3% B shn %) 2
W& (ATMY), FERI 3 PRSI, y+ R HUE 7 2 A (225K, AT 30~50 18]« A 1 ORiETHE I HER
PERT R, BT RS JE IR, W 3 AR, TEPIRE EEUNET, 35 ROR B PR B RCR,
BEE RSN O, & - BB 2 R, TEMAS LN 126 JiI), 4RSI RS EL, TR
- ERRCRBEARMRFEAAS, 2108 92.7%. FIMON T WL R IR CRAIETH R R, A& e 5 il e i
WH&HCH 757,300, 4 A TAIE PR 0N 16,660,600; B BLIRIE AR HCN 1,266,640, 4 JEUIE M N
16,466,320, FLJLE VT HAOR A FE AU T B AR 2 1] 4 R 5 R

93.0
92.9

92.8 -

92.7 | u n ]

92.6 /

92.5 |

|.' /

y492.4 n

92.3 /

92.2F =

FE /%

92.1

920 L 1 n 1 L 1 L 1 2 1 1 1 L 1 L
40 60 80 100 120 140 160 180 200 220 240 260

W% %/ 10

Figure 3. Grid independence verification
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Figure 4. Single channel computational domain grid
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Figure 5. Full cycle flow channel computational domain grid
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Table 4. Single channel and full cycle channel calculation results
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Figure 6. Influence of different real gas calculation methods on turbine flow, power and efficiency
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Figure 7. Physical properties of S-CO, calculated by different real gas calculation methods
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