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Time-evolution and time-scales of topological structures in a tur-
bulent boundary layer through conditional mean trajectory analysis1

CALLUM ATKINSON, Laboratory for Turbulence Research in Aerospace and Com-
bustion, Monash University, SERGEI CHUMAKOV, IVAN BERMEJO-MORENO,
Center for Turbulence Research, Stanford University, XIAOHUA WU, Department
of Mechanical Engineering, Royal Military College of Canada, JULIO SORIA, Lab-
oratory for Turbulence Research in Aerospace and Combustion, Monash University
— The Lagrangian evolution of the invariants of the velocity gradient tensor in wall-
bounded turbulence is examined using conditional mean trajectories (CMT). Fields
from direct numerical simulations of a turbulent boundary layer developing over a
flat plate with fully turbulent flow over a Reynolds number range of Reθ = 730 to
1954 are used to extract the CMT in the invariant space of the velocity gradient
tensor (QA, RA), the invariant space of the strain-rate tensor (QS , RS) and the in-
variant space of the rate-of-rotation tensor (QW , RW ). CMT are considered for the
full boundary layer, the log layer and the log and buffer layers. Results show a cyclic
evolution of local topology. Associated time scales are extracted and compared with
homogeneous isotropic turbulence.
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