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! OpenFOAM Implementation of Fluid-rotor Interactions

! Future Rotordynamical Applications of OpenFOAM in

Turbomachinery



Rotordynamics

! Torsional, Axial and Lateral Vibrations

From Agnes Muszynska Rotor Dynamics, ISBN 0824723996



Rotordynamics

! Orbital lateral motion, sign of whirling frequency

From Agnes Muszynska Rotor Dynamics, ISBN 0824723996



Rotordynamics

! Gyroscopic effect => natural frequencies changes with

rotational speed

! Bearings and seals affect stiffness, damping and stability of

the rotating system

! Electro-mechanical forces in generators/motors influences

the mechanical system

! Turbines and process machines => fluid-rotor interactions
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Fluid-rotor interactions

of Hydropower Turbine

Runners

! Excitations due to blade passage, guide

vane wakes and drafttube vortex swirl

! Fluid-rotor forces proportional to rotor

acceleration, velocity and displacement

(e.g. added mass, damping and stiffness)

! Transient interactions due to change of

load, start-up and stops



Fluid-rotor interactions of

Hydropower Turbine Runners



OpenFOAM Implementation of

Fluid-rotor Interactions

! Pre- and post-processing tools (using python) for

calculation of rotordynamical forces, moments and

coefficients

! URANS solver based on simpleFoam in order to analyse

! Periodic forces on turbine runner

! Forces due to prescribed rotational speed

! Forces due to prescribed rotor whirling (moving mesh)



 Pre- and post-processing tools



Periodic forces on a hydropower

runner



Problems to obtain unsteady

results

! Outlet boundary conditions

! Draft tube

! Turbulence model

! Discretization of equations

! Others?



Prescribed rotational speed to

obtain added polar inertia



Prescribed rotor whirling to

obtain rotordynamical coeffcients



Future Rotordynamical

Applications of OpenFOAM in

Turbomachinery

! Fluid film bearings- and seals

! Electro-mechanical interactions

! Process machines (multi-phase flow)

! Coupled simulations for transient analysis



Great ideas

grow better

below zero!

What can we do

together?
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