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Abstract

We present measurements of a zero external pressure gradient two-dimensional (2D)
turbulent boundary layer (TBL) on a flat plate in the presence of grid-generated (passive
or active grid) isotropic free-stream turbulence (FST), as well as in the absence of any
grid. Free-stream intensities were approximately 0.3%, 4.8% and 9.3% for the no grid,
passive grid and active grid cases respectively, at the start of the boundary-layer. The
free-stream Taylor’s microscale based Reynolds number is about 490 and 120 for the
active grid and passive grid cases respectively. The measurements were made using
hot-wire anemometry (HWA) and two-dimensional particle image velocimetry (PIV).

We present an optimized procedure for generating isotropic, homogeneous, high inten-
sity turbulent flow behind an active grid. Isotropy in FST is first rigorously established
in the present set-up before conducting the boundary layer (BL) measurements. Exper-
imental investigation to check the validity of the Taylor’s ‘frozen’ turbulence hypothesis
for high intensity turbulence is also discussed.

The experimental investigations on FST-TBL interactions confirm that, at a funda-
mental level, the presence of the FST increases the growth rate of the TBL and the
wall shear stress. The effect of FST extends deep into the TBL, affecting the wall re-
gion as well as the small scale statistics throughout the boundary layer; the greater
the free stream turbulence intensity, the deeper is the extent where it influences the
TBL. A comprehensive set of statistics like velocity spectra, velocity correlation maps,
and velocity PDFs of various kinds, as well as velocity profiles, both from HWA and
PIV measurements, are presented to support and quantify this view. Changes in the

structural organization of the TBL because of the FST are discussed.
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We educe the interacting structures of the FST and TBL using kinetic energy (KE)
maps and proper orthogonal decomposition (POD). The data is used to propose a mech-
anism of growth enhancement observed in the TBL in the presence of FST. Very large
scale structures, of sizes 26 or more, spanning regions across the boundary layer inter-
face nearly up to the wall are seen to drive the interaction. We propose and evaluate an
engulfment and diffusion model of the BL-FST interaction and model the growth of the

boundary layer.
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