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Aerodynamic Design Optimization
of An Axial Flow Compressor Rotor
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ABSTRACT

Design optimization of a transonic compressor rotor (NASA rotor 37) using response surface method
and three-dimensional Navier-Stokes analysis has been carried out in this work. Baldwin-Lomax
turbulence model was used in the flow analysis. Three design variables were selected to optimize the
stacking line of the blade. Data points for response evaluations were selected by D-optimal design, and
linear programming method was used for the optimization on the response surface. As a main result of
the optimization, adiabatic efficiency was successfully improved. And, it is found that the design process
provides reliable design of a turbomachinery blade with reasonable computing time.
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Table 1. Experimental points (selected by

D-optimal method)

Exp. No. L 81 42
1 -1 -1 -1
2 1 -1 -1
3 0 0 -1
4 -1 1 -1
5 1 1 -1
6 0 -1 0
7 -1 0 0
8 1 1 0
9 -1 -1 1
10 0 -1 1
11 -1 1
12 1 0 1
13 -1 1 1
14 0 1 1
15 1 1 1

Table 2. Results of ANOVA and regression analysis

Adjusted | Std. error of
Model R R squar R squar | the estimate
1 975 950 939 2004

Table 3. Coefficients of response surface

functiuon
Coeffidients Std. error
Bo 874772 0.2280
B 0.0448 0.0098
B2 -14.7778 1.8786
B3 12.9392 1.1050
B4 -0.0004 0.0001
Bs -57.5562 5.2256
Be -29.0289 16189
B 0.2126 0.0293
Bs -0.0859 0.0198
By 56.2672 44786
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Table 4. Result of optimization at station 2

Initial | Optimized | Increment
shape shape (%)
Total pressure _
[Po/Poci] 2.093 2.057 1.72
Total temperature _
[T/ Tors] 1.264 1.253 0.87
Mach No. 0.859 0.855 -0.46
Adiabatic
efficiency (%] 838 89.5 0.79

Total pressure

Fig. 7 Total pressure profiles at 98% choked mass flow
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