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Experiments have been performed to investigate the effects of elevated free-
stream turbulence and streamwise acceleration on flow and thermal structures
in transitional boundary layers. The free-stream turbulence ranges from 0.5 to
6.4 ¥ and the streamwise acceleration ranges from K= 0 to 0.8x10 . The

onset of transition, transition length and the turbulent spot formation rate
are determined. The statistical results and conditionally sampled results of
the streamwise and cross-stream velocity fluctuations, temperature
fluctuations, Reynolds stress and Reynolds heat fluxes are presented. The
eddy viscosity, turbulent thermal diffusivity and the turbulent Prandtl number
are calculated. Different distributions of eddy viscosity and turbulent
thermal diffusivity across the boundary layer reflect the apparent disparity
between the momentum and thermal transports in the transitional boundary -
layer. Very mild acceleration (K=0.07x10 ) can significantly delay the onset
and length_of transition, while a further increase of acceleration to
k=0.25x10 only slightly changes the onset of transition. In comparison with
the acceleration, elevated free-stream turbulence is dominant in advancing the
onset of transition. Acceleration only slightly delays the transition but
significantly extends the length of transition at highly elevated free-stream
turbulence levels. In terms of conditional sampling techniques, nine separate
criterion functions are investigated. The results indicate that using a
criterion function based on Reynolds shear stress for turbulent/nonturbulent
discrimination in a heated transitional boundary layer is superior to a single
velocity or temperature scheme. To match the universal intermittency
distribution of Dhawan and Narasimha, the minimum values of intermittency at
about y/é=0.1 should be used as the representative "near-wall" value.
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On-going projects related to boundary layer transition at
Clemson University

1. Baseline: Natural transition

2. Effects of favorable streamwise pressure gradients

3. Effects of Free-stream turbulence intensity (FSTI)

4. Combined effects of favorable gradients and FSTI.

Effects of roughness

nh

6. Effects of adverse pressure gradients
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Figure 4.4 Mean velocity profiles for the baseline case in wall coordinates measured
by the three-wire probe.
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Figure 4.13 Streamwise Reynolds normal stress distribution for the baseline case in
wall units.
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Figure 4.22 Mean temperature profiles for the baseline case in wall coordinates

measured by the three-wire probe.
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Figure 4.25 Reynolds cross-stream heat flux distribution for the baseline case in wall units.
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Figure 4.16 Reynolds cross-stream stress distribution for the baseline case in wall units.
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Figure 4.23 RMS temperature distribution for the baseline case in wall units.
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Figure 4.19 Reynolds shear stress distribution for the baseline case in wall units.
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Figure 4.28 Reynolds streamwise heat flux distribution for the baseline case in wall units.
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COMPARISON OF TWO CRITERION FUNCTIONS AND
CORRESPONDING INTERMITTENCY FUNCTIONS FOR
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Figure 6.13 Determination of x s and corresponding representative near-wall intermittency

in [ versus x coordinates using the value of " at different y/0 locations as the representative
intermittency.
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Figure 7.1 Conditionaily sampied skin friction coefficient.
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