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Abstract: Two groups of the high speed centrifugal impellers were both designed by the
3-dimensional streamline curvature inverse method and a quasi-3-dimensional inverse method
with a slip factor model. One group had different blade numbers, while the other group had
different total pressure ratios. The impeller performances were predicted by a commercial
computational fluid dynamics (CFD) solver. The design error stabilities of the two methods
were compared. The impacts of the splitter blades on the design errors were also studied.
The results showed that the 3-dimensional streamline curvature inverse method could realize
a proper adjustment to the blade shape according to the blade loading. And compared with
the quasi-3-dimensional inverse method, the total pressure ratios of the impellers designed by
the 3-dimensional streamline curvature inverse method were generally higher. Therefore,
with the increase of blade loading, the design errors of the 3-dimensional streamline curva-
ture inverse method changed much smaller than those of the quasi-3-dimensional inverse

method; namely, the design error stability of the 3-dimensional streamline curvature inverse
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method was much better. In addition, for the quasi-3-dimensional method, the impacts of

the splitter blades on the blade design results were much smaller.
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Table 3  Global performances of the impellers at the

mass flow design condition

RHEL SRR o FRAGR

CR1]]
F Q F Q F
1 2.381 2.617 2.677 3.024 0.867 0.851

2 2.460 2.763 2.786 3.215 0.864 0.874

3 2.498 2.746 2.851 3.195 0.85¢

(&3]
o

. 866
4 2.510 2.710 2.884 3.154 0.843 0.854
1A 2.090 2.403 2.313 2.703 0.856 0.869
1B 1.770 1.983 1.969 2.202 0.823 0.839

la  2.468 2.926 2.835 3.521 0.863 0.857
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Table 4 Total pressure ratio design errors and isentropic

efficiencies of the blade passages

KR L o PR
i CFD &l WitiR%E CFD %814

Q F Q F Q F
1 2.698

3.097 —0.302 0.097 0.935 0.923

2 2.810 3.258 —0.190 0.258 0.929 0.934
3 2.878 3.230 —0.122 0.230 0.919 0.924
4 2.918 3.192 —0.082 0.192 0.906 0.912
1A 2.324 2.725 —0.176 0.225 0.933 0.936
1B 1.974 2.213 —0.026 0.213 0.920 0.920
la  2.884 3.622 —0.116 0.622 0.927 0.915

——8—— Designed by the quasi-3-D method
——a—— Designed by the new method
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Fig. 12 Summarization of the total pressure ratio
design errors and the isentropic efficiencies

of the blade passages
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Fig. 14 Comparison of the relative Mach number contours at the 70% blade-span cross-section of the impellers
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