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Vortex mechanism in a narrow channel with a spherical dimple has been investigated using LES
method in OpenFOAM. The �ow separation is conducted by formation of �uctuating asymmetric
vortex structures which enhance heat transfer on dimpled surfaces signi�cantly by only a small
increase of pressure loss.
To enhance heat transfer asymmetric vortex structures should be forced. To get a deep insight
into �ow physics Large Eddy Simulations (LES) are performed for single phase �ow over a spher-
ical dimple to analyse instantaneous vortex formation. Considered are Reynolds numbers (based
on dimple diameter) of ReD = 20000 and ReD = 40000 and a ratio depth to print diameter of
∆ = 0.26 and ∆ = 0.13. For determining periodic structures frequency analysis are performed
on the base of LES calculations which show two dominating frequencies of vortex formations.
Furthermore three dimensional proper orthogonal decomposition (POD) method (snapshot POD
suggested by Sirovich 1987) was implemented in OpenFOAM and is carried out on LES pressure
and velocity �elds to identify a spatio-temporal structure hidden in the random �uctuations. Using
POD technique tornado-like vortex structures are identi�ed inside dimples which act as dominating
modes with signi�cantly large energy content in comparison to the other modes. Additionally a
galerkin projection of the Navier-Stokes equations onto the subsystem given by the POD modes
was integrated for determining energy transfer between coherent structures within the framework
of POD.
For inlet conditions a mathematic procedure for generation of turbulent velocity �elds with pre-
scribed two point statistics, like spatial integral length scales, was implemented and is used as
boundary condition at the inlet patch for LES. Applying this method the actual velocity �eld at
the inlet is represented as a sum of velocities induced by a set of randomly distributed vortons.
The method has advantage with respect to computation time in comparison to mapping methods
and is based on a clear physical concept.
In the presentation in�uence of inlet conditions, vortex formations, POD analysis and heat transfer
in turbulent �ow over a single dimple will be discussed.
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