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ABSTRACT

A numerical study was conducted to improve the performance of an impeller of centrifugal compressor. Nine design variables
were chosen with constraints. Only meridional contours and blade profile were adjusted. ANN (Artificial Neural Net) was
adopted as a main optimization algorithm with PSO (Particle Swarm Optimization) in order to reduce the optimization time.
At first, ANN was learned and trained with the design variable sets which were obtained using DOE (Design of Experiment).
This ANN was continuously improved its accuracy for each generation of which population was one hundred. New design
variable set in each generation was selected using a non-gradient based method of PSO in order to obtain the global optimized
result. After 7" generation, the prediction difference of efficiency and pressure ratio between ANN and CFD was less than
0.6%. From more than 1,200 design variable sets, a pareto of efficiency versus pressure ratio was obtained and an optimized
result was selected based on the multi-objective function. On this optimized impeller, the efficiency and pressure ratio were

improved by 1% and 9.3%, respectively.
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Fig. 2 Control points of Bezier curve and selected design
variables
Fig. 1 Configuration of an initial impeller Table 2 Design variables and control points for contour
Table 1 Compressor specifications on design point Hub Shroud
Z [mm] | R [mm] Z [mm] | R [mm]
Contents Specification Remarks 1 1875 57 1 1875 1875
Mass flowrate 0.11kg/sec 2 26.58 57 2 2117 1875
Inlet total pressure | 101 kPa 3006 < | 37< 2711 < | 1675 <
Rotational speed | 155,000 RPM (F;:l) 32.23 (o1)|12.0 (¢2) (Fi2) 28.8 (3) |20.91 (p4)
Fffciency o compressor efficiency at < 37.28 | < 16.45 <3153 | <2181
turbocharger 4 35.28 20.29 4 31.53 23.85
Total pressure ratio 2.1 scroll out 5 35.28 26.2 5 31.53 26.2
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Table 4 Accuracy of ANN in each generation

Generations rI:g(S)SF‘;:] Effl[(;oe]ncy ﬁmgtti)c];d[%] Number
1 1.8 094 9.66 17
2 2.32 0.73 7.07 17
3 0.7 0.64 5.01 12
4 091 0.67 6.63 15
5 0.96 0.50 6.17 10
6 0.86 053 6.08 13
7 0.59 053 5.66 9
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Fig. 6 Best objective function at each generation
Table 5 Optimized result of design variables
Design variables | Valuesimml] | Design variables [Values[angle]
o1 35.28 o5 -44.17
o2 14.45 [0§) =370
o3 30.36 o7 -64.3
o4 1875 o8 -46.0
®9 =370
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