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Design Optimization of A Multi-Blade Centrifugal Fan
With Variable Design Flow Rate

Seoung-Jin Seo and Kwang-Yong Kim

Design Optimization(“d 7} 2 & 3}), Multi-Blade Centrifugal Fan(‘ 4 t}2] % % 71), Response
Surface Method(¥+-3- 7] ¥), Reynolds-Averaged Navier-Stokes Equation(&] 0] & =% &
U)o} .~ E 2 ¥y A Design Flow Rate(“d Al5-%)

Abstract

This paper presents the response surface optimization method using three-dimensional Navier-Stokes

analysis to optimize the shape of a forward-curved blades centrifugal fan. For numerical analysis, Reynolds-
averaged Navier-Stokes equations with k-¢ turbulence model are discretized with finite volume
approximations. In order to reduce huge computing time due to a large number of blades in forward-curved
blades centrifugal fan, the flow inside of the fan is regarded as steady flow by introducing the impeller force
models. Three geometric variables, i.e., location of cut off, radius of cut off, and width of impeller, and one
operating variable, i.e., flow rate, were selected as design variables. As a main result of the optimization, the
efficiency was successfully improved. And, optimum design flow rate was found by using flow rate as one of
design variables. It was found that the optimization process provides reliable design of this kind of fans with

reasonable computing time.
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Fig. 1 Efficiency curves with different design flow
rates
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Fig. 2 Geometry of the multi-blade centrifugal fan
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Table 1 Geometric data for forward-curved blades
centrifugal fan (reference shape)

Impeller Blade scroll
dy (mm) 310 B 67.8° a  7.86°
dyd,  0.838 B 151,39 | ry=ppe? e
b(mm) 160 | Thickness 1.2mm| ¢  71°
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ofblades 48 | Shape T T IR(mm) 10

Fig. 4 Computational grids
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Table 2 Ranges of design variables for selection of the
points for response evaluation

Variables Bounds | Bound
Location of cutoff, &, (°) 60 80
Radius of cutoff, R, (m) 0.003 0.015
Width of impeller, b/d, 0.6 0.8
Flow coefficient 1.15 1.65

Table 3 Quality of the 2nd order response surface for the
objective function

5 2 Std. error of the
Model R R”“' estimate
1 0.841 0.807 1.3800

Table 4 Results of optimization

Reference |Optimization
Efficiency 27.7 % 38.8%
Static pressyre cqefﬁment 9.97 10.66
at design point
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Table 5 Optimal values of design variables

Variables Reference {Optimization
Location of cutoff, 8. (°) 71.0 80.9
Radius of cutoff, R. (mm) 10.0 134
Width of scroll, 4/d, 0.615 0.721
Flow coefficient, ¢ 1.2 1.479
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Fig. 6 Comparison of efficiency curves between reference
and optimum fans
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