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Abstract: A comparative analysis between simulation and test with roughness is carried out for a supercritical
carbon dioxide (S-COy) axial turbine with different operating conditions, focusing on the roughness impact of the
turbine performance. The results show that the numerical calculation method of wall roughness is able to assess the
performance of the turbine at different load conditions accurately. Compared with test result, the maximum
efficiency error is 1.82 percentage point. Wall roughness degrades the overall performance of the turbine, with a
maximum efficiency drop of 2.8 percentage point at Ral.6 roughness level during the five working condition, and
the turbine stage roughness has a more obvious effect on the turbine performance. In addition, the more severe of
wall roughness, the greater reduction of turbine efficiency. In non-design operating conditions, the efficiency drops
by 11.6 percentage point at Ra6.3 roughness level. The wall roughness exacerbates flow separation of pressure
surface, causing greater friction losses and serious affecting of turbine performance. The research can provide
technical support for the design and performance simulation of S-CO; axial turbines.
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Tab.2 The parameters of each working condition

pridn} prign| A L3 R

L MJE/MPa  MIE/K EE/MPa (rmint)  ThEKW
1 10.38 633.35 7.45 8998 1300
2 10.81 707.85 7.46 8994 1850
3 12.06 778.15 8.08 9011 2550
4 12.83 801.45 8.43 9016 3000
5 13.44 843.95 8.51 9016 3650
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Fig.8 Total pressure loss distribution along flow direction of
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Fig.10 Total pressure loss distribution along flow direction
of second stage stator
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Fig.14 The total pressure at different height on the outlet
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