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1. Objectives: List the objectives of the research effort or the statement of work:

The objectives of this project is to assess the effects of significant wind tunnel testing factors,
such as test model blockage, vortex strength, inlet flow non-uniformities and inlet turbulence
levels, on the near field behavior of strong wing-tip vortex structures through an integrated
experimental, numerical and theoretical study. A primary motive is to assess the need for
comprehensive corrections of wind tunnel testing data to simulate free flight conditions. The
proposed research aims to shed light on how the wind tunnel environment affects measurements
when coherent vortices are present, and how to make corrections to account for discrepancies
between the wind tunnel and free flight test environments in flows with strong vortex structures.

Specifically,1). Systematic wind tunnel experiments will be conducted to examine the effects
of the wind tunnel confinement on the dynamics of the initial rollup and subsequent development
of wing-tip vortices in the near field. 2). Sophisticated, yet practical Computational Fluid
Dynamics (CFD) simulations will be coordinated with the wind tunnel testing to provide
assistance in experimental design, to identify critical measurement locations, to generate free-
flight solutions for comparison, and to assess which are critical to simulating free flight
conditions. 3). A theoretical analysis will be attempted with the aim of developing a procedure to
correct wind tunnel testing data. It will be based on the experimental data and numerical
simulations. The outcomes of this proposed research are expected to provide guidelines and
general ideas about correcting wind tunnel test data to account for discrepancies between tunnel
and free flight environments when vortex structures are a dominant part of the flow field.

2. Status of effort: A brief statement of progress towards achieving the research objectives.
We have made following progresses on the proposed research:

1). On wind tunnel experiments: We have already conducted extensive wind tunnel experiments
to evaluate the effects of wind tunnel testing factors on the behavior of wing-tip vortex structures.
A high-resolution stereoscopic PIV system was used to achieve detailed flow field measurements
to quantify the transient behavior of the wing-tip vortex structures at different test conductions

2). On CFD simulation: We have already conducted a comprehensive numerical study, which
including grid generation and refinement, CFD code modification / development, turbulence
model comparison/modification, tailored for the simulation of wingtip vortex flows with and
without wind tunnel wall interaction. We have also compared the numerical results with the
Stereoscopic PIV measurement results obtained through the wind tunnel experiments.

3). On theoretical analysis: We have conducted an theoretical analysis based the measurements
and numerical simulation results to establish the theoretical framework in order to develop a
general procedure for wind tunnel testing data correction.

3. Accomplishments/New Findings:

As we planned, we have conducted extensive wind tunnel experiments and CFD simulations to
effects of wind tunnel testing factors on the behavior of wing-tip vortex structures. We have also
analyzed the experimental and simulation results in order to develop a general procedure for
wind tunnel testing data corrections. The new findings derived from this research project are
very helpful to elucidate the underlying physics to shed more light on how the wind tunnel
environment affects measurement results when strong coherent vortices are present, and how to



make corrections to account for discrepancies between the wind tunnel and free flight test
environments in flows with strong vortex structures.
Some of the results derived from the present study are given as follows:
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Fig. 1: Typical Stereoscopic PIV measurement results to reveal the evolution of the wingtip vortex

in the near field.
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(a). Wind tunnel test condition (b). Free flight conditions
Fig. 2: Comparison of CFD simulation results of wing-tip vortex structures in wind tunnel testing
and free flight conditions
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