SIHISIHS S=L O
Alg=lgiE Alsst &
2l M. x| M7

[
< xR*** I E A****
TS —_ll_l_

Design Optimization of Centrifugal Pump Impeller Using
DOE
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ABSTRACT

In this paper, the performance characteristics of the impeller in a centrifugal pump were investigated

using DOE(Design of Experiment) with commercial CFD software. Geometric parameters of vane plane

development were defined with the meridional shape and frontal view of the impeller. The incidence angles

and the exit blade angle were selected as main parameters using 2k factorial and the influences of selected

design parameters were examined through the optimization process using RSM.
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Fig. 1 Traditional impeller design method a) meridional view,
b) front view, c) vane plane development”
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Fig. 2 New vane plane development method®
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Table 1 Design specifications of the pump
Design Point Specification
Flow rate(m3/min) 135.8
Head rise(m) 70
Rotational Speed(rpm) 593
No. of blade 6
Specific Speed(rpm, m3/min, m) 285
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Fig. 3 3D geometry and grid system of the impelier®
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Table 2 Numerical analysis set of 9% factorial

theta | theta |ibetal | ibetal | ibetal heta? %beta | %beta

_h _S _h _m _S _LE h| LE_s
casel | -10 | -10 0 0 0 -5 10 10
case2 | 10 -10 0 0 0 o 30 30
case3d | -10 10 0 0 6 -5 30 30
cased | 10 10 0 0 6 5 10 10
caseb{ -10 | -10 6 0 6 -5 30 10
case | 10 -10 6 0 6 5 10 30
case7 | -10 10 6 0 0 -5 10 30
case® | 10 10 6 0 0 5 30 10
case9 | -10 | -10 0 4) 6 -5 10 30
caseld; 10 -10 0 6 6 5 30 10
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caselo} -10 10 6 6 6 -5 10 10
casel6| 10 10 6 6 0 5 30 30
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Fig. 7 Main effects plot for Q_d
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Table 3 Numerical analysis set of RSM

RSM No ‘bﬁzi‘)l lbsz)l beta? () | Ht(w) | Eff (%)

1 13 4 o1 6150 | 9779

2 19 4 21 6188 | 9790

3 13 10 21 6188 | 9755

4 19 10 21 6201 | 9736

5 13 4 77 7121 | 9803

6 19 4 27 7140 | 9807

7 13 10 27 7140 | 9787

8 19 10 27 7139 | 9754

9 1095 7 2 6705 | 97.92

0 | 2105 7 2% 6731 3781

1 16 195 2 698 | 9810

12 16 1206 2 6714 | 9723

13 16 7 185 5714 | 9767

14 16 7 2905 7375 | 9805

G 16 7 2 6721 | 9802
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Table 4 Comparison of optimization results with design base

ibetal ibetal [betaZ| Ht | Efficiency
_h(®) _s(®) ) | (m) (%)

Optimization model
(CFD)

RSM estimated value| 16.1 45 216 | 7206 | 9816

16.1 45 27617204 | 9309

Base design model

(CFD) 3.0 3.0 220 | 6547 | 97172
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