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Abstract

Scaling model is a common method in the development and experimental research of axial flow
turbine. The relative surface roughness and Reynolds number based on chord length of the scaling
machine are different from the original machine, so the experimental data of the scaled machine
cannot completely restore the performance of the original machine. In this paper, based on the
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first stage of E3 which is a high-pressure turbine stage, the influence of relative surface roughness
on the flow performance of the double scaled model is analyzed through numerical method. Based
on the influence mechanism of Reynolds number and the plate boundary layer theory, the per-
formance conversion method of isentropic efficiency is established about Re and k;/C. Based on
the experimental data of the scaled machine under a certain relative surface roughness, the per-
formance of the scaling machine under any relative surface roughness can be obtained after cor-
rection, and the error is less than 5%.
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Figure 1. Computational mesh
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Table 1. Mesh independence validation
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Meshl 77 x 57 x 81 97 x 57 x 81 115.2 0.9676

Mesh2 97 x 65 x 97 121 x 65 x 97 2131 0.9689

Mesh3 105 x 73 x 121 129 x 73 x 121 321.6 0.9692

Figure 2. Stator efficiency along span direction distribution
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Figure 3. Isentropic Mach numberdistribution of stator. (a) Inner; (b) Outer
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Table 2. Boundary conditions and flow conditions
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JRAHL 709 K 344.74 kPa 101.32 kPa 8300 r/min 2.2 x10°
RN 709 K 344.74 kPa 101.32 kPa 4150 r/min 4.4 x10°
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Figure 4. Total pressure loss coefficient at the stator blade outlet distributes along the span direction
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Figure 5. Relative total pressure loss coefficient at the rotor blade outlet distributes along the span direction
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Figure 6. Total pressure loss coefficient at the stator blade outlet distributes along the span direction
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Figure 7. Relative total pressure loss coefficient at the rotor blade outlet distributes along the span direction
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Figure 8. Entropy increases along the flow direction. (a) Stator; (b) Rotor
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Figure 9. Synthetic effects of Re and k/C on profile loss
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Figure 10. Synthetic effects of Re and ks/C on net secondary flow loss
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Figure 11 Synthetic effects of Re and ky/C on stage efficiency loss
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Figure 12. Validation of loss correction model. (a) Original machine; (b) Scaling machine
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