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ABSTRACT

One gap in current pressure-measurement technology is a high-spatial-resolution

method for accurately measuring pressures on spatially and temporally varying
wind-tunnel models such as Inflatable Aerodynamic Decelerators (IADs),
parachutes, and sails. Conventional

pressure taps only provide sparse measurements at discrete points and are

: difficult to integrate with the model structure without altering structural properties.
| m— """.? Q , Pressure Sensitive Paint (PSP) provides pressure measurements with high

II 'rf!mage Not Av UEIIZR  spatial resolution, butits use has been limited to rigid or semi-rigid models.
o ...Read more on the last page.

Project Technology Maturity
At Start: 1 Current: 1 At End: 3

1 3

Applied Research Development Demo & Test

ANTICIPATED BENEFITS

To NASA funded missions:

After flexible PSP is demonstrated in a small research tunnel, the technique will be scaled

up for use in larger production wind tunnels. This new measurement capability will benefit
all four projects in the Fundamental Aeronautics program (Fixed Wing, Rotary Wing, High
Speed and Aeronautical Sciences). This added capability would directly benefit the
development of flexible aerodynamic decelerators, both inflatable and mechanical, which
are currently being studied by ESMD.

Read more on the last page.
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DETAILED DESCRIPTION

To make PSP measurements on a flexible model, the paint must adhere to the model without

cracking as the shape of the model changes. In addition, the paint must not alter the structural or John Hines
aerodynamic properties of the model. Because pressure-sensitive paints can be brittle, they will Project Manager:

. . . . . . . Edward Schai
likely crack if applied as a continuous sheet. This problem will be addressed by applying the PSP . .war © a'lrer

s A Principal Investigator:

as a dense distribution of speckles. Each speckle will yield a pressure measurement and also Edward Schairer
serve as a target for photogrammetry. Another requirement is that the brightness of the paint must Co-Investigator:
respond fast enough to capture changes in pressure due to model shape changes. Paints with Laura Kushner

response times as short as 1 ms are commercially available. This is fast enough to capture
expected unsteadiness of sub-scale flexible models (tens of Hz). For time-resolved, unsteady
measurements, the paint must be bright enough to produce usable images from a single flash. For

periodic unsteadiness, images may be phase-averaged over many cycles to improve Signal-to-
Noise-Ratio (SNR). Brightness can be increased by increasing the intensity of the incident
illumination. To implement the PSP/photogrammetry system in a research wind tunnel, a paint-
speckled flexible model will be imaged from at least two directions by high-speed, synchronized
cameras. The model will be illuminated by a pulsed light source synchronized with the cameras, ...
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DETAILED DESCRIPTION (CONT'D)

and the local pressure at each PSP speckle will be determined from the change in brightness of the speckle in

successive images acquired as the luminescence decays. The object-space coordinates of each speckle, and thus
the shape of the test article, will be determined by conventional photogrammetric methods.
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TECHNOLOGY DETAILS

Pressure Sensitive Paint TECHNOLOGY DESCRIPTION

Applied to Flexible Models To make PSP measurements on a flexible model, the paint must adhere to the model without

echnology Ma cracking as the shape of the model changes. In addition, the paint must not alter the structural or
AtStart:1 | Current: 1 AtEnd: 3 aerodynamic properties of the model. Because pressure-sensitive paints can be brittle, they will
likely crack if applied as a continuous sheet. This problem will be addressed by applying the PSP

as a dense distribution of speckles. Each speckle will yield a pressure measurement and also

serve as a target for photogrammetry. Another requirement is that the brightness of the paint must
1 3 i i
respond fast enough to capture changes in pressure due to model shape changes. Paints with

lied Development | Demo & Test . . . .
Rﬁggarch p response times as short as 1 ms are commercially available. This is fast enough to capture

expected unsteadiness of sub-scale flexible models (tens of Hz). For time-resolved, unsteady
measurements, the paint must be bright enough to produce usable images from a single flash. For
periodic unsteadiness, images may be phase-averaged over many cycles to improve Signal-to-
Noise-Ratio (SNR). Brightness can be increased by increasing the intensity of the incident
illumination. To implement the PSP/photogrammetry system in a research wind tunnel, a paint-
speckled flexible model will be imaged from at least two directions by high-speed, synchronized
cameras. The model will be illuminated by a pulsed light source synchronized with the cameras,
and the local pressure at each PSP speckle will be determined from the change in brightness of
the speckle in successive images acquired as the luminescence decays. The object-space
coordinates of each speckle, and thus the shape of the test article, will be determined by
conventional photogrammetric methods.

This technology is categorized as a material for ground scientific research or analysis
e Technology Area

e TA15 Aeronautics (Primary)

e TAO09 Entry, Descent & Landing Systems (Secondary)

The new capability is having Pressure Sensitive Paint on flexible surfaces, which would allow
direct, high-spatial-resolution measurements of the unsteady surface pressure distribution. Once
developed, this new capability will be combined with existing stereo photogrammetry methods to
simultaneously measure the shape of a ...

Performance Metrics

Quantity

pressure uncertainty in psi PSI
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TECHNOLOGY DETAILS

CAPABILITIES PROVIDED (CONT'D)

dynamically deforming model in a wind tunnel.

POTENTIAL APPLICATIONS

Potential applications are to flexible aerodynamic surfaces such as inflatable aerodynamic decelerators (IADs)
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ABSTRACT (CONTINUED FROM PAGE 1)

Extending the use of PSP from rigid surfaces to flexible surfaces would allow direct, high-spatial-resolution
measurements of the unsteady surface pressure distribution. Once developed, this new capability will be combined
with existing stereo photogrammetry methods to simultaneously measure the shape of a dynamically deforming
model in a wind tunnel. Presented here are the results and methodology

for using PSP on flexible surfaces.
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ANTICIPATED BENEFITS

To NASA unfunded & planned missions: (CONT'D)

Any future unfunded mission to another planet will require flexible decelerators. Flex PSP will aid in the design and

analysis of these decelerators.

To other government agencies:

DoD or any agency that uses flexible decelerators would also benefit from this technology.

To the commercial space industry:

Commercial space companies will require flexible decelerators so they will benefit from this technology.

To the nation:

This technology will help US to remain preeminentin space exploration.
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