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Flow Analysis of a Low-Noise Turbo Fan for a Vacuum Cleaner
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ABSTRACT

In this study an analysis of the flow characteristics in three types of turbo—fans for a vacuum cleaner
was performed by using CFD. The characteristics of three models calculated for various rotating speed for
flow rates are obtained and compared with measured data. The mixing plane approach is applied to compute
the flow between impeller and diffuser. The results show that the model that is modified to reduce fan
noise gives stable flow characteristics in operating range than the original model, with both models show
similar performance characteristics at the range of high flow rate. Since in the modified model it takes
much longer for an impeller blade to pass a diffuser blade than in the original model, and the peak pressure
at BPF can be relieved, it is anticipated that the modified model give much lower noise level with similar
performance than the original one, which remains to be verified by unsteady computation and measurements.
The good agreement between the predictions and measurement results confirms the validity of this study.
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Table 1 Geometry and computational domain of fans
Fan type model T | model TI | model I
Outer
Diameter(mm) 109.7 949 B
Number of
fmpeller Blades 9 9 9
Number of
Computed 1 1 1
Passages
Quter . j
Diameter(mm) 1240 1135 1135
Number of
Diffuser Blades 16 13 13
Number of
Computed 2 13 13
Passages
Outer
Diameter{mm) 1240 1093 109.8
Return I\%T;;rs of 3 6 6
Channel €
Number of
Computed 1 16 16
Passages |

Impeller

Casing

Return Channel

Diffuser

Fig. 1 Computational mesh of mode! 11 and model Il
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Table 2 Computational cases

Case Fan type N(rpm) Q(m /min)
1 41280 0.59
2 38930 096
3 model | 37470 1.37
4 36280 1.79
5 35230 2.24
6 | 14 45240 0.25
7115 43200 0.59
8 | 16 41190 0.98
1% g model 1l | model 1 g’?gsg :g?
11119 36520 2.39
1220 35930 260
13 | 21 35150 3.10
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Fig. 2 Impeller and diffuser blade of model I and model [l
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(@) model | : 41280 rpm, 0.59 ™'/min (o) model | :

37470 rprm, 1.37 ™ /min

{c) model | : 35230 rpm, 2.24 ™/min

(@) model 11 43200 rom, 0.59 m'/min

SRLsANEY R

(e} model N

1 39360 rpm, 1.46 ™ /min

: 39360 rpom, 1.46 m*/min

i

{f) model (1 : 36520 rpm, 2.38 m/min

) model W = 36520 rpm, 239 ™/min

Fig. 3 Velocity vectors in computational frame for two models
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—&— model Il (tip/hub = 0.5}
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Fig. 4 Pressure coefficient at the diffuser leading edge of model
Il and model 1

Fig. 5 Flow angle at the impeller exit of model Il for 39360
pm, 2.39 m/min
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Fig. 6 Flow angle at the impeller exit of model Ili for 39360
rpm, 2.39 ™ /min
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