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ABSTRACT - Centrifugal cyclones used as inertial gas-solid separators are widely employed in
the design of modern vacuum cleaners to eliminate the need for dust bags and minimize suction
losses. The vacuum cleaner performance, rated in terms of separation efficiency and pressure
losses, is mainly dependent on the individual efficiency and proper arrangement of the cyclone
separation devices.

In this work a methodology based on Computational Fluid Dynamics (CFD) is presented to predict
and characterise the overall performance of a bagless type vacuum cleaner designed and
manufactured by Hoover Candy Group. Attention was focused on the second separation stage,
comprising a cluster of twelve cyclones operating in parallel and responsible for discarding the
smallest solid particles.

The optimisation code modeFrontier was first employed to run a semi-empirical model for
predicting centrifugal cyclones performance in order to define the shape of the cyclones in the 2nd
separation stage. A total of 7,200 design evaluations were performed using a genetic type
algorithm to maximise separation efficiency and minimise pressure losses.

The performance of the baseline and optimised cyclones was evaluated by means of CFD. First, a
model of a single cyclone was defined to verify the results obtained with the semi-empirical model.
Second, the baseline configuration was tested in the full vacuum cleaner assembly. In both cases
ANSA was used to define tetrahedral grids with near wall prismatic layers, while the CFD solutions
were obtained in ANSYS CFX. For the latter a Reynolds Stress turbulence model was used in
conjunction with Lagrangnian particle tracking to ensure proper representation of the physics
involved.

The CFD solutions for the full vacuum cleaner assembly revealed the presence of cross flows at
the funnel dust collector (or hopper). The hopper was redesigned accordingly to achieve a 5%
increase in separation efficiency. The introduction of the optimised cyclone separators, on the
other hand, led to a decrease of 100 Pa in pressure losses at standard operating conditions.
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Results: Flow Balance
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$# A CFD methodology combining 1D analysis, modeFrontier,
ANSA and CFX was developed to:

— Estimate performance parameters

— Understand existing/potential flow related phenomena
not seen in experiments

— Propose design modifications and verify their effects

# Benefits to Hoover Candy:
— Ability to reduce prototyping
— Ability to reduce testing
— Better, cheaper and greener vacuum cleaners
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