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Performance Analysis on the Design Variables of a Turbo Blower
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ABSTRACT

This paper describes the shape optimization of a blower impeller used for a refuse collection system. Two design variables,
which are used to define the blade angles of an impeller, are introduced to increase the blower performance. A blower
efficiency is selected as an object function, and the shape optimization of the blade angles is performed by a response surface
method (RSM). Three-dimensional Navier-Stokes equations are introduced to analyze the internal flow of the blower and to find
the value of object function for the training data. Relatively good agreement between experimental measurements and numerical
simulation is obtained in the present study. Throughout the shape optimization, blower efficiency for the optimal blade angles
is successfully increased up to 3.6% compared with that of reference at the design flow rate. Detailed flow field inside the

turbo blower is also analyzed and discussed.
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(a) perspective view of a test blower
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(b) performance curve of an original blower

Fig. 1 Configuration and performance curve of a test blower

Table 1 Design specifications of a test blower

Name Value
Flow Coefficient (Design Point) 0.175
Pressure Coefficient (Design Point) 1.06
Rotational Frequency of Impeller 3550 rpm
Efficiency 76.1 %
Outlet diameter of impeller 835 mm
Inlet diameter of impeller 465 mm
Blade thickness 3.2 mm
Number of blade 11 ea
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Fig. 2 Computational grids
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Fig. 3 Definition of blade inlet and outlet angle

Table 2 Design space of blade inlet and outlet angle

Name Lower Middle Upper
inlet angle (Bbl), deg. 23 30 37
outlet angle (Bb2), deg 34 39 44
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Fig. 4 Comparisons of blower performance®

Table 3 Results of ANOVA and regression analysis

Object Function R R adiucted

Efficiency 0.999 0.989

Efficiency %

Fig. 5 Response surface
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Fig. 6 Sensitivity analysis

Table 4 Optimization result for the object function of efficiency

Design Variables  Reference  Optimized Shape Increment
Volute Casing"” 76.1 78.2 28 %
Inlet & Outlet o

Angle 782 81.0 36 %

reference

Fig. 7 Blade shape
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Fig. 8 Tangential velocity vectors on the mid-height of an impeller
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Fig. 9 Velocity contours on the mid-height of an impeller
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