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ABSTRACT

Youn-Jea Kim™*

B, Optimal Design(5%]47), Design of Experiment

Design optimization of a transonic compressor rotor(NASA rotor 37) was carried out using response surface method(RSM)

which is one of the optimization methods. A numerical simulation was conducted using ANSYS CFX by solving

three-dimensional Reynolds-averaged Navier Stokes(RANS) equations. Response surfaces that were based on the results of the

design of experiment(DOE) techniques were used to find an optimal shape of blade which has the maximum aerodynamic

performance. Two objective functions, viz., the adiabatic efficiency and the loss coefficient were selected with three design

configurations to optimize the blade shape. As a result, the efficiency of the optimized blade is found to be increased.
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Table 1 Design parameters of the modeled compressor
Design . Level 2
parameters Description Level 1 (Ref) Level 3
Layer 3
X LE angle 57 60 63
[°]
Layer 2
X, LE angle 51 53 55
[°]
X Layer 3 blade thickness 155 1.85 215
[mm]
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Fig. 1 Reference model and description of design parameter
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Fig. 2 Grid systems

Table 2 Boundary conditions applied in this study

Mass flow rate 20.19 keg/s
Rotational speed 17189 rpm
Number of rotor blades 36

Working fluid

Turbulence model

Air (ideal gas)
Shear stress transport
288.15 K

Temperature

Interface

Frozen rotor, Periodic
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Fig. 3 Meridional view of pressure distribution
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Table 4 Comparison results between RSM and CFD analyses

Table 3 Parameters of DOE Optimal | F] % ] | X [mm]| K Py
model
X X5 X3 1 K Py RSM 88.083 | 0.33844 | 1.8205
60.081 | 53.006 15.594
1 57 53 1.85 86.524 | 0.346 1.799 CFD 87.781 | 0.33721 | 1.8192

2 57.561 | 51.374 1.61 86.549 | 0.343 1.793
3 57.561 | 54.626 1.61 86.535 | 0.344 1.795

13 62439 | 51.374 | 2.09 | 87.192 | 0.347 1.742
14 62439 | 54.626 | 2.09 | 87.192 | 0.347 1.742
15 63 53 1.85 85.868 | 0.344 1.72
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Fig. 4 Results of sensitivity with various design parameters
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(a) Reference model

(b) Newly designed model

Fig. 5 Pressure distributions at the rotor meridional plane
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Table 5 Comparison results between Ref. model and
newly designed model

Optimal
model

Ref.
model

Xi [7]| X2 [°] | X5 [mm] K

60 53 18.5 86.613 | 0.35703 | 1.7985

New

.081
model 6008

53.006 | 15.594 | 88.083 | 0.33844 | 1.8205
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