Simplifiled Numerical Model of an Axial Impeller
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Introduction: We propose a simplified
numerical method to model the flow field
downstream of an axial impeller, namely the
axial fan of Armfield's FM41 experimental
unit (Fig. 1), from the Hydraulics Laboratory
of TUCEB. This method can be used for
any axial hydraulic machinery for which,
one Is less Interested by the actual flow
between the Dblades, than by the flow field
downstream of the hydraulic machinery.
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Figure 1. FM41 Unit Figure 2. Fan subdomain

Computational Simplified Method: One
doesn't have to model the actual blades of
the axial fan and use a rotating mesh to
compute the flow field downstream of the
Impeller, but only to insert force coefficients,
namely volume forces F,, F,, F, In the body
forces fields of the Navier-Stokes equations
(variable with the flow rate Q), as:
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IN a subdomain of b length representing the
iImpeller (Figure 2), and to define integration
variable giving Q at the Inlet of the impeller
for each iteration. The force coefficients will
produce on the flow the same average
effects as impeller's blades. We need only
the rotational speed of the fan (2700 rpm)
and Its head (pressure Ap) - flow rate curve.
Boundary conditions are: O pressure on the

Inlet and outlet sections (Fig. 3) and log wall
function (h/2 wall offset) on model's walls.

Results: Results are obtained using

COMSOL Multiphysics' 3D turbulent
Incompressible flow built on Reynolds
average formulation of Navier-Stokes
equations with k- closure. The velocity
fleld as xOz slice, and the z-velocity at
the exit are presented In Figures 4 and 5.

Figure 5. Exit z-velocity

Figure 4. Velocity field

Conclusions: Our computed results are
IN good agreement with measured or
computed values of the flow downstream
of such a hydraulic machinery. The
method has proven to save a lot of
computational time.
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