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Influence of the volute geometry on
impeller efficiency in centrifugal fans
Nicolai Stenzel
Motivation

Results for the free wheeling model

• Centrifugal fans have a variety of
industrial applications, so their
optimization can be of great
economical interest

• The resolution of the free wheeling
impeller’s outflow shows the quality of the
mesh
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turbine
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• The interaction of the flow inside the
impeller with the volute casing is
crucial for the fan‘s total efficiency
• The goal of this project is the
investigation of this interaction by
means of CFD-calculations
• As experimental verification is very
important, a fan model with existing
experimental data was chosen from
the literature

• Notably, the influence of the blades can be
seen in the pressure and velocity
distribution of the outflow
Figure 5: Visualization of the outflow

Visualization of the flow inside the impeller
design point

Specific diameter

Figure 1: Cordier Chart for classifying TurboMachines [1]

• Flow conditions inside the impeller are known to be crucial for the overall
performance of the fan
• Non-intrusive experimental investigation of the flow inside the impeller is a
complicated task
• At part load and at design conditions the volute casing influences the flow
positively by preventing separation in most blade ducts (Figure 6)

Preparation and numerical method
• The width ratio between the total depth of the volute and the
impeller‘s exit width is an important parameter for a good
impeller/volute interaction [2]
• A new model with a theoretical optimal width ratio was designed on
the basis of literature [3] and calculations with and without the volute
casing were carried out
• For the numerical calculations the Shear Stress Transport (SST)
turbulence model was used because of its good accuracy in free flow
as well as close to a wall
• High quality structured hexahedral grids with refinements in all
critical areas were created for the impeller, nozzle and room volume,
for the volute casing an unstructured tetrahedral grid sufficed

Figure 6: Impeller flow: With volute (left) and free wheeling (right); part load

• At full load conditions the casing acts as an obstruction, so free wheeling
operation can be advantageous (Figure 7)

Figure 2: Grids of the volute and room volume

Results and visualization
• The numerical results reached a
satisfactory agreement with the
experimental data

Figure 3: Comparison of experiment from literature
[3] and simulation (error bars: 5%)

• Figure 4 shows the pressure rise
for three different operating
points as calculated from the
simulations in comparison to the
original experiment [3]
• Comprehensive visualizations of
the flow conditions were created
in Ansys CFX Post

Figure 4: Velocity field at design conditions

• Due to the high quality of the
mesh, reliable conclusions can be
drawn from the plots

Figure 7: Impeller flow: With volute (left) and free wheeling (right); full load

Conclusion
• The design procedure based on parameters from the literature and the applied
numerical method yielded accurate results, so a precise analysis and visualization
of the flow conditions inside the fan were possible
• Free wheeling fans can have slight advantages at full load operation, but a well
designed fan with a volute casing running under design conditions is always
preferable in terms of efficiency and noise
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