Analysis of sound source localization in an axial fan
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Abstract
Numerical analyses of the tip vortex system of a ducted axial fan are conducted by a hybrid fluid-dynamicsacoustics method. First, large-eddy simulations are performed to investigate the dynamics of tip clearance flow
for various tip-gap sizes and to determine the acoustic sources. The simulations are performed for a single
blade out of five blades with periodic boundary conditions in the circumferential direction on a multi-block
structured mesh with 140×106 grid points. The turbulent flow is simulated at a Reynolds number of 9.36×105
at undisturbed inflow condition and the results [1] are compared with experimental data [4]. The results show
that increasing the tip-gap size results in various vortices in the tip-gap region, i.e., tip-leakage, separation, and
induced vortices, which enlarge the diameter and the strength of the main tip vortex. For the largest tip clearance,
spiral vortex breakdown occurs at the design operating condition. Second, the acoustic field on the near field is
determined by solving the acoustic perturbation equations (APE) [3] on a mesh for a single blade consisting of
approx. 1060×106 grid points. The results show that the larger the tip gap size the higher the broadband noise
level [2]. Detailed results will be presented at the conference.

Figure 1. Front view of the flow configuration of an axial fan (left), iso-surface of the instantaneous λ2 -criterion
visualizing the vortical structures of the flow field with mapped on relative Mach number distribution (middle),
and the instantaneous acoustic pressure distribution for the tip-gap size of s/Do = 1% (right) [2].
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