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Abstract

The main purpose of the present study is to perform shape optimizations of transonic compressor
blade in order to enhance its performance. In this study, the Latin hypercube sampling of design of
experiments and the weighted average surrogate model with the help of a gradient based optimization
algorithm are used within design space by the lower and upper limits of each design variable and for
finding optimum designs, respectively. 3-D Reynolds-averaged Navier-Stokes solver is used to evaluate
the objective functions of adiabatic efficiency and pressure ratio. Six variables from lean and airfoil
thickness profile are selected as design variables. The results show that the adiabatic efficiency is
enhanced by 1.43% by efficiency optimization while the pressure ratio is increased very small, and
pressure ratio is increased by 0.24% by pressure ratio optimization.
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Table 1 Design specification of NASA rotor 37

Design point or variable Specification
Mass flow rate (kg/s) 20.19
Pressure ratio 2.106
Rotational speed (rpm) 17,188.7
Rotor blade number 36
Inlet hub-tip ratio 0.7
Inlet tip relative Mach no. 1.4
Rotor aspect ratio 1.19
Tip solidity 1.288

Station 2

Station 1 Leading Edge

Fig. 1 Meridional view of Rotor 37
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Table 2 Design space

Variables Lower Upper

Variables normal | (%) -22.5 22,5
to chord line a,, (%) 6.0 6.0

Variables along 53,(%) -5.0 15.0
chord line 3, (%) 5.0 15.0
v,(rad.) -0.105 -0.035
vn(rad.) | -0.035 0.035
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Design of experiments
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v
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Fig. 4 Optimization algorithm
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Table 4 Objective functions by optimization

Designs Ref. | Opt_Eff | Opt_Pr
PI’edICted Fsurroga[e = 08674 2115
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RANS
Fer 2.105 | (2.055) | 2.110
Fex - 1.43%P |(0.51%P)
Improvement
Fer - (-2.38%) | 0.24%
Table 5 Design variables by optimization
Designs Ref. | Opt_Eff| Opt_Pr
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thickness
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