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In this investigation OpenFOAM[1] is used for numerical computations of complex flows
in axial and radial fans. Because of the low Mach number and small pressure differences,
air is considered as incompressible. Turbulence is modeled using RANS approach, where
performance of several turbulence models are tested. Both steady and unsteady com-
putations are performed. For steady computations frozen rotor approach is used, with
GGI interpolation[2] on the stator-rotor interfaces. In this case, in order to save compu-
tational time, the computational domain of the rotor is one segment (blade passage) of
the complete fan. At lateral boundaries, cyclic boundary condition is used. The process
of determination of the characteristic curve, starting from CAD geometry of the fan, is
completely automated with Python scripts. Numerical results of characteristic curve are
compared with experimental measurements. For block-structured, hexahedral grid gener-
ation commercial software ICEM CFD was used. Also, OpenFOAM results are compared
with results obtained with ANSYS-CFX software. For unsteady computations, complete

Figure 1: Results of unsteady computations. Distribution of pressure and velocity in the pipe cross
sections behind axial fan and contour Q = 103 (second invariant of velocity gradient tensor) in one
instant of time.

flow domain was modeled, with relative mesh motion (i.e. rotation) in rotor domain.
Transient SIMPLE algorithm was used for pressure-velocity coupling, [3]. Global un-
steadiness are captured in good manner. One of characteristics of flow behind the axial
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fan is formation of swirl with vortex core in the region around longitudinal axis. Unsteady
motion of that vortex core is shown if Fig. 1, where core is identified using Q-criterion,
[4].

General conclusion is that OpenFOAM is very reliable tool for industrial type of compu-
tations of flows in axial and radial fans. The future and current research will be devoted
to LES and hybrid LES/RANS computations of this flow, in order to get deeper insight
in the flow features and to get some information about the fan acoustics. We’ll give our
best to prepare and present some of those results at the conference.
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