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Numerical Optimization of a Multi-blades Centrifugal Fan for
High-efficiency Design

Seoung-Jin Seo*, Kwang-Yong Kim*
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ABSTRACT

Shape of a multi-blades centrifugal fan is optimized by response surface method based on
three-dimensional Navier-Stokes analysis. For numerical analysis, Reynolds-averaged Navier-Stokes
equations with standard k-¢ turbulence model are transformed into non-orthogonal curvilinear coordinate
system, and are discretized with finite volume approximations. Due to the large number of blades in this
centrifugal fan, the flow inside of the fan is regarded as steady flow by introducing the impeller force
models for economic calculations. Optimizations with and without constraints are carried out. Design
variables, location of cur off, radius of cut off, expansion angle of scroll and width of impeller were selected
to optimize the shapes of scroll and blades. 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, the efficiency was successfully improved. The correlation of efficiency with
relative size of inactive zone at the exit of impeller is discussed as well as with average momentum fluxes
in the scroll.
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Table 1 Design space
. Lower Upper
Variable Bounds Bounds

Location of cutoff ( 8, : °) 70 84
Radius of cutoff (Rc : mm) 4 6
Expansion angle of scroll (a) 37 57
Width of Impeller ( &/d,) 04 07
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Table 2 The qualities of the 2nd order response surfaces for
the objective function and static pressure

Model R? R 2, | Std error of the estimate
Objective | e | 0,973 2.08F-02
function

Static | 6006 | 09 699
pressure
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Table 3 Cases of optimization Table 5 Optimal values of design variables
Ist Opt. 2nd Opt. 3rd Opt. Variables Ref. | Ist Opt. | 2nd Opt. | 3rd Opt.

Constraint, Po Location of

- 1000 Pa | 1300 Pa 7 5 5.4
(Ps > Po) OTa | 1300 Pa cuoff( g, | T | TA9S | TEW | 742

Radius of B

. 5.0 5.094 5.196 5.617
Table 4 Results of optimization cutoff( R, : mm)
Reference| Ist Opt. | 2nd Opt. | 3rd Opt. EXDE‘“TT a“gf‘; o 47 | 653210 | 64688 | 6.18%
scroll,( ¢ -
Efficiency 87.6% 96.9% PB.7% 94.6%

Width of o . o
Static pressure | 976 Pa | 614 Pa | 951 Pa | 1390 Pa scroll( bfdy | 06% | 03438 | 03934 1 05606
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