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Abstract

Spectral analysis is very useful in determining the frequency
characteristics of many turbulent flows, for example, vortex
flows, tail buffeting, and other pulsating flows. It is also used
for obtaining turbulence spectra from which the time and length
scales associated with the turbulence structure can be estimated.
These estimates, in turn, can be helpful for validation of
theoretical/numerical flow turbulence models. Laser velocimetry
(LV) is being extensively used in the experimental investigation
of different types of flows, because of its inherent advantages:
nonintrusive probing, high frequency response, no calibration
requirements, etc. Typically, the output of an individual
realization laser velocimeter is a set of randomly sampled
velocity data. Spectral analysis of such data requires special
techniques to obtain reliable estimates of correlation and power
spectral density functions that describe the flow characteristics.

Standard techniques of spectral analysis used for uniformly
sampled (equispaced) signals are not directly applicable to
randomly sampled data. Shapiro and Silverman (1] showed,
theoretically, that alias-free spectral estimates can be obtained
from randomly sampled data if the sampling is Poisson distributed.
Based on this theory, Mayo et al [2] developed a correlation-based
'slotting’ technique to compute the autocorrelation and power
spectrum estimates through use of Fourier transform. Also, Gaster
and Roberts [3] developed a direct transform method to compute the
power spectrum estimates directly from the randomly sampled data,
and, if needed, the autocorrelation estimates can be obtained
using inverse Fourier transform. The slotting technique is faster
than the direct transform method and has been looked into in
detail by Srikantaiah and Coleman [4] to make reliable spectral
estimates from randomly sampled laser velocimetry data.

The Experimental Methods Branch of NASA Langley Research
Center had expressed a need for research, and development of
computer codes, for reliable and improved estimation of turbulence
spectra and the associated time and length scales from LV data.
During his 1992 NASA/ASEE Summer Fellowship tenure, the author
has developed FORTRON codes for obtaining the autocorrelation
and power spectral density estimates using the correlation-based
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slotting technique. Extensive studies have been conducted on
simulated first-order spectrum and sine signals to improve the
spectral estimates. A first-order spectrum was chosen because it
represents the characteristics of a typical one-dimensional
turbulence spectrum. Digital prefiltering techniques, first
introduced by Roberts and Ajmani [5], to improve the spectral
estimates from randomly sampled data have been applied. Studies
show that the spectral estimates can be increased up to about five
times the mean sampling rate. Figure 1 illustrates the results of
this study on simulated first-order spectrum. The codes are
currently being used on LV experimental data from different flow
facilities at NASA Langley. Figure 2 shows the turbulence spectra
measured at two different locations in the backward-facing step
flow facility. These results will be compared with hot-wire
measurements. Further improvements and validation of the spectral
analysis codes will continue.

Large data sets (of the order of 100,000 points or more), high
data rates, and ,of course, Poisson sampling are very important
requirements for reliable estimation of turbulence spectra. The
Poisson sampling requirement is usually met in carefully conducted
LV experiments. But, often, certain flow conditions, depending
upon measurement location, flow phenomenon, and particle dynamics,
force the sampling process to be non-Poisson. The high data rate
requirement may not be achieved. The effect of non-Poisson
sampling has also been studied on simulated, as well as, real data.
Results show that the estimated spectrum deviates considerably
from the true spectrum and that non-Poisson sampling is not
amenable to spectral improvements from prefiltering techniques.
Further research is required to determine the effects of other
influences like particle dynamics, velocity bias, etc. on the
accuracy of spectral estimates. Research is also needed to extend
the spectral analysis techniques to obtain cross-correlation and
cross-power spectral estimates from randomly sampled 2-D/3-D LV
experimental data.
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