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Abstract

This present work is to find optimum design of a NACAG5 axial fan blade with weighted average surrogate model. The
numerical analysis by Reynolds-average Navier-Stokes equations with shear stress turbulence(SST) is discretized by finite volume
approximations and solved on hexahedral grids for flow analysis. The blade aerodynamic shape is modified by six design
variables for the optimization. The blade profile as well as stacking line is modified to enhance blade total efficiency. Six
design variables, airfoil maximum camber, maximum camber location, leading edge radius, trailing edge radius, lean angle at
50% span and lean angle at 100% span, are selected for blade profile to enhance the total efficiency. The PBA model which is
basically weighted average of the basis surrogates is used to find the optimal design in the design space from the constructed
response surface model for the objective function. By the optimization, the total efficiency is increased by 1.4%.
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Table 1 Specifications of reference fan blade

Flow Coefficient 0.41
Total Pressure Coefficient 0.3
Rotor Rotation Frequency 1000 rpm
Tip Radius 287.5 mm
Hub-Tip Ratio 0.52
Inlet Angle at Rotor Tip 68.8 degree
Outlet Angle at Rotor Tip 63.8 degree
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Figure 1 Reference blade meridional view and mesh
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(a) Blade thickness and variables

Reference Blade P
-

\ —
-
-
e

o R
L
\/ " .7 .27 Leaned Blade
N ;P’/
b
X

(b) Blade lean
Figure 2 Definitions of variables
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Table 2 Results of Design Optimization
() Design variables

Design e Jé; y 1 K 13
Reference 0.0 0.0 0.0 0.0 -19.2 | -199
PBA 260 | -651 | 044 | -024 | -223 | -13.6

(b) Objective function

Design Efficiency Increment
Reference 85.9% -
PBA 87.3% 1.4%
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Figure 4 Spanwise total pressure ratio
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