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The impeller geometry was obtained through 3D scanning and 
converted into a solid CAD model using dedicated software. 

The impeller rotation was accounted for using the CFD Module, solving 
a Frozen Rotor study to capture centrifugal effects induced by rotation. 
The study was carried out across a range of rotational speeds to derive 
a correlation between RPM and flow rate.

An Add-In was developed using the COMSOL® Application Builder. This 
tool allows users to input key impeller characteristics—such as inner 
and outer radius, blade pitch angle, impeller position, rotational 
speed, and flow rate—and automatically generates the corresponding 
swirl flow equations within the Model Builder. 

1. COMSOL ® 6.3, CFD Module User’s 
Guide 

2. COMSOL ® 6.3, Application Builder 
User’s Guide 

From 3D scanning to swirl flow modeling: a simplified 
numerical approach for impeller characterization.

The use of impellers is extremely widespread across various 
industrial applications. Fluid motion, mixing processes, and 
propulsion are just a few of the fields in which impellers play a key 
technological role. 

However, accurately simulating the fluid dynamics induced by 
impeller rotation can be computationally demanding, especially 
when multiple impellers are integrated into a complex system.

In the present activity, a detailed COMSOL® model of the impeller 
was developed to obtain the relationship between rotational speed 
(RPM) and the resulting fluid flow rate. 

Then, an Add-In tool was developed to automatically generate the 
corresponding swirl flow equations. This enables efficient 
integration of impeller-induced swirl effects into larger system-level 
simulations without the need to explicitly model the impeller 
geometry. 
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Figure 1. Left: output mesh file from 3D scanning of the impeller. Center: 
Detailed model geometry with main boundary conditions. Right: Simplified 
model geometry with velocity arrows (in red), generated from the velocity 
components provided by the Add-in tool.

                           
                            

              
                          

From the detailed model, solved with a frozen rotor approach, the 
relationship between rotational speed (RPM) and fluid flow rate is 
obtained. In addition, the model provides insights into impeller 
performance through the visualization of blade surface pressure 
fields and the induced swirl effect.

The Add-in is therefore employed to generate the corresponding 
swirl flow equations, which are introduced as velocity components 
in a simplified impeller model that reproduces the swirl effect with 
good accuracy. By avoiding the need for a moving mesh, the 
simulation of systems with many impellers maintains computational 
costs comparable to a standard CFD study.

Results

Figure 2. Left-top: Streamlines of flow and pressure fields on the blades of the 
detailed model. Left-bottom: Relation between RPM and flow rate. Center and 
Right: Streamlines of flow of the simplified model.
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