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ABSTRACT

In this paper, design optimization and suggestion of design improvement of the axial-flow pump impeller are investigated

using the multi-stage optimization process. it is constructed by screening, metamodeling, design optimization, and analysis of

design optimization results. Throughout the process, Commercial PIDO software called PIAnO and AlDesigner was used. For

design simplification and efficiency refinement of the design optimization process, screening of design variables was applied,

filtered 4 variables were used to construct metamodels of performance characteristics. Metamodels with the least error were

polynomial regression for Efficiency and Kriging for the total head, and they were used on design optimization of the axial

pump impeller. The method of design optimization was PQRSM selected by AlDesigner. As a result, the axial-flow pump

impeller was satisfied its required total head with improved efficiency. Using contribution analysis and trade-off analysis, it can

be improved when shroud length would be increased larger than its own upper limitation.
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Table 1 Design specification of axial pump
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Fig. 5 Screening based on ANOVA
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Table 4 Range of design variables after screening
Design variables Minimum Maximum Nominal
Lg (mm) 30 36 30
Ly (mm) 44 54 54
Set(3,, (deg.) 62 70 66
By s (deg) 74 80 77
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Table 5 Test point RMSE of metamodels

Metamodel TestRMSE of Eff TestRMSE of Ht
KRG 0.17929 0.056009
RBFi 0.30626 0.190564
RBFr 0.17422 0.095621

PR 0.12364 0.061044
EDT 0.25844 0.153578

EDT (opt.) 0.24086 0.14241
MLP 0.54240 0.066985

MLP (opt.) 0.18121 0.07401

Table 6 Constraints of total head
Case 1(Low) Case 2(Mid) Case 3(High)
o 9.5 -10.0 -10.5
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Table 7 Initial vs Optimal shape

Ref. (1) ) 3)

Ly(mm) 30 36 36 36
L (mm) 54 48.14 49.86 52.31
Set3,,(deg.) 66 65.16 64.00 62.96
By a(deg.) 77 74.76 74.87 76.61
Eff(%) -75.44 -71.37 -76.97 -76.32
Ht(m) -8.64 -9.48 -9.97 -10.47

Constraints violated Satisfied within tolerance
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