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Numerical simulation and multi-objective optimization of the centrifugal pump
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Inducers are important devices which are mounted upstream of the inlet to the main impeller of the
Received 11 February 2018 centrifugal pump to achieve higher suction performance and rotate with the same speed as the impeller.
Accepted 04 April 2018

Inducers improve the hydraulic performance and lifespan of the pump through increasing the inlet
pressure, but the quantity of the improvement is dependent on the geometrical parameters of the
inducer. Therefore, the optimization of these parameters is crucial. In the present study, the performance

Available Online 04 May 2018

m?&i; : of an inducer is optimized by considering the inlet tip blade angle, the outlet tip blade angle and the
Centrifugal pump ratio of the outlet hub radius to inlet hub radius as design variables and the head coefficient, the
Artificial neural network hydraulic efficiency and the required net positive suction head as objective functions. The inducer

Multi-objective optimization performance is simulated using 3-D computational fluid dynamics and compared with experimental data

which shows the validity of the used method and assumptions. The artificial neural network is used to
relate between design variables and objective functions. Then, the Pareto fronts are plotted using the
modified non-dominated sorting genetic algorithm II and the proposed optimum points are presented
using nearest point to the ideal point method. Using multi objective optimization, the head coefficient,
the hydraulic efficiency and the net positive suction head are improved 14.3%, 0.3% and 30.2%,
respectively. Recommended design points unveil important optimal design principles that would not
have been obtained without the use of a multi objective optimization approach.
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Table 3 Design variables and their range of variations
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Table 4 Samples of numerical results using CFD
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Bin  PBouw  dhawdhy 7 n NPSHR
1 79 66 147 0.04041  0.173 7473
2 79 70 1.47 0.10702  0.463 7.669
3 79 74 1.47 02144 0.653 11.161
4 79 78 1.47 020437  0.635 14.218
5 81 66 1.47 0.03863  0.171 7.703
6 81 70 1.47 0.10568  0.459 5.964
7 81 74 1.47 022064  0.659 10.834
8 81 78 1.47 021039  0.636 13.821
9 83 66 1.47 0.05801  0.208 7.675
10 83 70 1.47 0.10813  0.467 4.352
47 85 74 1.87 0.16338  0.645 10.757
48 85 78 1.87 0.12351 0.55 11.449

s 45t 3 Slas s, c4> MRE 3 RMSE R? 53lia§ Jgur

Table 5 The values of the R°, RMSE and MRE for evaluating the
artificial neural network performance

RMSE R

MRE ST
12.2264 1.1367 0.9802 11y
5.4019 0.1696 0.9945 17y
9.7400 1.0993 0.9862 NPSHR

! Absolute Fraction of Variance
* Root Mean Squared Error
# Mean Relative Error
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Table 6 The values of the design variables and objective functions of
the optimum points
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4.46 7.107 1.539 1.87 71 79.01 A
5.493 8.471 1.462 1.85 73.37 79.05 B
7.569 4.924 1.925 147 70.95 83.1 c
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