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Motivation: An active oscillatory turbulence control technique has been implemented with the aim of obtaining lower turbulence intensity and thus friction drag. The 
achieved alterations outweigh the required input power yielding large positive net power reductions throughout the range of investigated parameters. Here, the specific 
control method is applied to supersonic flow as well. Particular attention is directed to characteristics purely associated with compressible flow and interactions of the 
control method with the latter. Published in M. Ruby & H. Foysi (2022) [1]

Flow configuration
● Compressible, turbulent channel flow
● Rectangular flow domain confined by the top and bottom walls
● x and z represent the homogeneous streamwise and spanwise 

directions, respectively, with periodic boundary conditions
● Controlled case: 

Temporal, spanwise wall movement transformed into pure space 
dependent velocity distribution [2] at the walls: 
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● Compressible Navier-Stokes equations provide essential  
conservation laws for mass, momentum and energy

● Solution vector composed of density, momentum components and 
total energy is obtained through the flux reconstruction approach by 
Huynh [3], implemented in the flow solver PyFR [4].   

● A time varying external volume force in the streamwise direction 
ensures a constant flow rate.

● Pure MPI Parallelization using one rank per GPU was adopted.
● Utilization of up to 64 nodes of JUWELS Booster
● The different flow cases are listed in the table, below 
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Dimensionsless parameters characterising the flow:

● Bulk mach number 
● Friction Reynolds number
● Semi-local Reynolds number

Flow parameters

Numerical Method
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● Better performance with increasing influence of compressibility and 
improved power balance

● Preference of larger wavelengths in compressible conditions and 
extended optimum parameter range

Selected Results
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● Parallel processing of arising data by running ParaView Server on 
in-house 32-core workstation

● Analysis of balance equations for turbulent stresses 

  

● Evaluation of two-point correlations and energy spectra

    better understanding of differences in operation and length scales  
    between different flow conditions

Ongoing work
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Sketch of the controlled channel flow configuration along with corresponding 
dimensions, directions and velocity distributions.

Semi-local Reynolds number for different Mach numbers dependent on the 
semi-local wall coordinate.

Near-wall streak modification through the control method (right) compared to 
the unaffected reference flow (left).

Skin friction drag ratio (controlled / uncontrolled) for different wavelengths.
Left: nearly incompressible condition, right: supersonic flow.

Scaling behaviour using a test case with a problem size of 112 Mio. cells.
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