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ABSTRACT

Centrifugal pumps are used to transport fluids. Vertical multistage centrifugal pumps are used in various
industrial fields because they have high pump efficiency and can be installed in places with limited space.
However, the progression of cavitation owing to insufficient suction performance during pump operation under
various operating conditions is a major limitation. Therefore, in this study, the optimal design of a splitter blade
was derived to improve the suction and hydraulic performances of a vertical multistage centrifugal pump. The
coordinate value of the 3D Bezier curve, which determines the meridional shape of the splitter blade, was
selected as the design variable. Numerical studies were conducted under various operating conditions, and a
surrogate model-based approximate optimization was performed using the design of experiments. The numerical
analysis results were verified experimentally, and the cause of the improvement in the suction performance was
examined by analyzing the flow field and pressure distribution.
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Table 1 Pump experimental setup devices
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(a) (b)
Fig. 3 Impeller geometry of both original and splitter
blade model

Table 2 Pump design specifications

Dgsign Rotation  Blade Impeller =~ Pump
oW speed Num.  diameter head
rate
9 N 7 D2 H
[m’/hr] [rev/min] [m] [m]
6 3600 6+ 6 0.074 16
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Fig. 4 Computational domain and boundary conditions

for the numerical simulation
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Table 3 Design range of splitter blades

Design variable

range

CP1(x) [P1]

< CPl(x) = 8mm

CP1(y) [P2] 2mm < CPl(y) < Smm
CP2(x) [P3] Imm < CP2(x) < Smm
CP2(y) [P4] 2mm < CP2(y) < Smm
CP3(x) [P5] Imm < CP3(x) < Smm

Table 4 Results of design of experiments using DLHD

technique

Run No. P1 P2 P3 P4 P5
Case 1 5450 8.000 5450 8.000 1.640
Case 2 4.180 2.000 1.640 6.360 3.550
Case 3 8.000 4.730 3.550 2.000 6.090
Case 4 6.090 5270 6.090 5270 7.360
Case 5 3.550 6360 4.180 2.550 1.000
Case 6 7360 4.180 2910 7.450 8.000
Case 7 4.820 3.090 8.000 4.180 2.270
Case 8 1.000 5.820 2270 3.640 4.180
Case 9 1.640 6910 7360 4.730 4.820
Case 10 2910 3.640 6.730 3.090 6.730
Case 11  6.730 7450 1.000 6910 2910
Case 12 2270 2550 4.820 5820 5.450
Case 13 4.500 5.000 4.500 5.000 4.500
Case 14 1.000 4.761 8.000 2.000 6.308
Case 15 1.000 7.743 8.000 2786 7.675
Case 16

(SAO 1) 2442  8.000 8.000 2.000 8.000
Case 17

(SAO 2) 1.002  7.192 7224 2.000 8.000
Case 18

(SAO 3) 1.000 8.000 7.326 2.041 8.000
Case 19

(SAO 4) 1.102  7.730  7.630 2.000 7.937
Case 20

(SAO 5) 1.000 7.584 7.795 2.000 8.000
Case 21

(SAO 6) 1.762  8.000 7.011 2.000 8.000
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(b) Sequential approximate optimized geometry

Fig. 8 Overall splitter blade geometry by design of
experiments
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Table 5 Validation results at design point
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Fig. 13 Total pressure and relative velocity distributions

along blade surface streamline at mid span
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Fig. 14 Progressions of cavitation with decreasing cavitation number under design flow rate condition (The
iso-surfaces represent a vapour volume fraction at 0.4~0.8)
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