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Influence of Non-Uniform Blade Tip Clearance on the Performance
of a Large Axial Flow Fan
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Abstract: This research was conducted to explore the influence of a non-uniform change of blade
tip clearance along the circumferential direction on the performance of a large low-pressure axial
flow fan. In this research, a large civil low-pressure axial flow fan was taken as the research ob-
ject, with two key parameters (namely, the average clearance and the non-uniformity) represen-
ting the circumferential non-uniform clearance of the axial flow fan selected as the influencing fac-
tors. Steady and unsteady numerical simulations were conducted to research the influence of cir-
cumferential non-uniform blade tip clearance on the external characteristics of the fan, and on the
blade tip clearance flow and flow filed change. The results show that both the increase in the av-
erage clearance and non-uniformity of the axial flow fan led to the decrease of the fan’s efficiency
and static pressure, and the influence caused by the change of the average clearance is significant-
ly greater than that by non-uniformity. When the clearance is large, blade tip leakage flows in-
clude not only the main leakage flow with a vortex core., but also an additional leakage flow with-
out a vortex core. The non-uniform blade tip clearance will change the starting position and devel-

opment direction of blade tip leakage flow. In addition, the blade tip leakage flow will be subject
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to a periodic change due to the entrainment of the leakage vortex from its leading blade. This re-

search is helpful in the design and efficient operation of low-pressure axial flow fans.

Keywords: axial-flow fan; non-uniform clearance; non-uniformity; leakage vortex; numerical

simulation
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Fig. 1 Sketch of circumferential non-uniform tip clearance of

an axial flow fan
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Table 2 Cases with different average clearances but the
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Fig. 8 Influence of non-uniformity on fan’s performance
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Fig. 9 Pressure distributions at blade tips for the cases 1 to 3
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