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Abstract

The shape opfimization of blade sweep in a transonic axial compressor rotor of NASA Rotor 37 has been
performed using response surface method and the three-dimensional Navier-Stokes analysis. Two shape
variables of the rotor blade, which are used to define the rotor sweep, are introduced to increase the adiabatic
efficiency of the compressor. Throughout the optimization, optimal shape having a backward sweep is

obtained. Adiabatic efficiency, which is the objective function of the present optimization, is successfully
increased. Separation line due to the interference between a shock and surface boundary layer on the blade

- suction surface is moved downstream for the optimized blade compared to the reference one. The increase in
adiabatic efficiency for the optimized blade is caused by suppression of the separation due to a shock on the

blade suction surface.
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Table 1 Design specifications of NASA Rotor 37

Mass flow rate 20.19 kg/s
Rotational speed 17189 rpm
Pressure ratio 2.106
Inlet tip relative Mach no. 1 14
Adiabatic efficiency 0.889
Number of rotor blades 36

Tip (Hub) solidity 1.29(1.9)
Rotor aspect ratio 1.19

Stati?n 1 LE

Station 2

Hub TE

Inlet Region

(a) Perspective view (note: every two grid lines are
shown in axial and tangential direction)

(b) View from casing at LE and TE of rotor tip

Fig. 2 Computational grids
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Table 2 Design space
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(Numerical Analysis)
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(Regression Analysis)
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Check of Response Surface
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| Find Optimal Point

A

NO

Fig. 3 Optimization procedure using fesponse
surface method
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(a) Side view
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(b) Top view

Fig. 4 Definition of blade sweep
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Table 3 Results of ANOVA and regression analysis

2 Std. error of the
Model R Ragj estimate
1 0.998 0977 0.002040933
1.0

N
d

|- [Optinmum position]

i
Jiska)

-1.0 X1
—_—

X2

Fig. 5 Response Surface (contour intervals
=0.00557)
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Table 4 Results of optimization

SREE

Reference (solid line) Rotation

Ref. | Optimized | Increment
shape shape %
Total pressure Py/P, r 2.078 2.016 -2.98
Total temperature
1.263 1.248 -1.19
To/Toref
Adiabatic efficiency % | 88.46 89.57 1.25
94 -
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» 92 7+ - = = Reference blade
i' 1 | —— Optimum blade J
2 904 - —
Q .- O
2 1 .- 5
< 8 ®
2 1@
84
82 +———— . .
0.92 0.94 0.96 0.98 1.00

Mass Flow/Choke Mass Flow

Fig. 6 Comparison of adiabatic efficiency
between calculation and experiment
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Fig. 7 Blade shape
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Fig. 8 Spanwise distribution of adiabatic efficiency
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(b) Optimum blade

Fig. 9 Mach number contours on the plane of 40
percent span (interval of contour lines = 0.1)
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(a) Reference blade
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Fig. 10 Mach number contours on the plane of 90
percent span (interval of contour lines = 0.1)

(b) Optimum blade
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Fig. 11 Limiting streamlines on the blade
suction surface
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