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System Features

e Complete hardware control
» Complete arsenal of image processing,
arithmetic, analysis, and display tools
e Linear and Curve-Fit Calibration Algorithms
» Correction Algorithms for:
- Background Removal
- Pulse-to-Pulse Energy Fluctuations
- Spatial Variations in Light Sheet Intensity
- Laser Attenuation
- Variations in Individual Pixel Response
» Spatial Calibration algorithms for combining
results from multiple cameras and/or

measurement techniques

Planar Laser-Induced Fluorescence (PLIF) measure-
ments in combustion environments are becoming
increasingly common as a means to assess performance
and efficiency of a broad range of combustion phenome-
na. From local fuel concentrations and consumption to
flame front geometry, and from flame propagation to
chemical species distributions, PLIF measurements
provide invaluable insight into the details of

combustion processes.

A single laser source illuminates the plane of interest and
the advanced INSIGHT 3G ™ software platform provides
seamless, direct conversion of raw images to processed data.
All hardware components are controlled directly through
the INsSIGHT 3G software, allowing for rapid setup and
turnkey operation using stored hardware parameters.

The INsIGHT 3G software incorporates proprietary algo-
rithms to correct for potential sources of measurement error
such as spatial variations in light sheet intensity, pulse-to-
pulse laser energy fluctuations, laser attenuation, variations
in individual pixel response, and extraneous background sig-
nals. In addition, the INSIGHT 3G platform leverages
the benefits of external software packages such as MatLab
and TecPlot. Rather than relying upon risky modifications
to an immense base of source code, which are not only diffi-
cult to implement, but also endanger overall system per-
formance, the INSIGHT 3G software provides a direct
interface to both MatLab and TecPlot for unlimited flexibil-
ity in implementing customized algorithms. MatLab is com-
monplace in most scientific facilities, and provides a power-
ful tool for implementing unique and specialized image pro-
cessing algorithms in a well established, documented pro-
gramming language. Using the direct link, users can define
algorithms in the MatLab environment and execute them
directly through the INSIGHT 3G software, with auto-
matic controls for all data transfer. These external MatLab
routines can even be incorporated into multi-step processing
routines within INSIGHT 3G, and then executed with a
single mouse click. A built in TecPlot toolbox provides a host
of advanced display options for highlighting and examining all
of the details of the measured scalar field.

Featuring a complete selection of hardware, including a range
of intensified and un-intensified cameras and wavelength-tun-
able dye laser configurations, the TSI combustion PLIF system
is the state-of-the-art solution for your combustion imaging

needs. The combustion PLIF system can be easily upgraded to



allow other measurement tech-
niques, such as particle image
velocimetry (PIV) for measuring
the global velocity field and global
sizing velocimetry (GSV) for
simultaneous measurements of
droplet size and velocity.
Specialized spatial calibration rou-
tines allow these results to be ana-
lyzed in the flow-field coordinate
system, for rapid comparison and
correlation of multiple measured
parameters.

Sample Measurements

Sample measurements to the right show PLIF measurements
in a propane jet flame. The changes in OH distribution can

clearly be observed as the flame
was varied from fully pre-mixed
to a pure diffusion flame. PLIF
measurements of C2 in the diffu-
sion flame are also shown. In
other applications, the OH radi-
cal species distribution can be
used as a flame front marker, and
can be used to identify burned
and unburned regions in the
image field. Applying the image
processing tools available in

INSIGHT 36 allows isolation of the flame front, to per-
mit quantitative analysis of the flame front geometry. In
other measurements, fluorescent fuels, or fuels with a fluo-
rescent tracer species added, can be used to visualize the fuel
distribution and fuel consumption, and in many cases to

quantify the local fuel concentra-
tions. The emission and collec-
tions wavelengths of the system
can be optimized for the imaging
of other species such as CH, NO,
and CO, to name just a few.
Tracer species such as acetone
exhibit strong temperature
dependence of the fluorescence
signals for certain excitation
wavelengths, and can thus be
used to gather information about
the temperature field within the
combustion region.

OH Nuorescence Intensity

OH fluorescence intensity




System

The combustion PLIF system can be viewed as several inter-
acting sub-systems, including the illumination, imaging, and
control & analysis subsystems. The illumination sub-system
consists of the laser and associated optics. Typically, a
Nd:YAG pumped dye laser is used, in order to provide the
wavelength flexibility needed to excite the broad range of
fluorescent species commonly investigated in combustion
PLIF experiments. TSI works closely with Quantel Inc. to
offer a range of tunable dye laser configurations (pictured
above) that are both easy to operate and also provide the
needed capability and flexibility for even the most challeng-
ing combustion PLIF measurements. The imaging sub-sys-
tem includes the CCD camera, as well as any imaging
optics, including specialized camera lenses and filters to
allow wavelength selective imaging of specific species in the
flow. Our INsIGHT 3G platform is built for expansion,
allowing rapid incorporation of new cameras as technology
evolves. TSI therefore supports the widest range of high sen-
sitivity, low noise, intensified or un-intensified, and wide
spectral range cameras.

The control and analysis sub-system includes the

computer and timing electronics, as well as the INSIGHT
3G software package to control all hardware components,
organize data, and perform image analysis, processing, and
display routines. INsSIGHT 3G features not only the wide
range of image analysis and arithmetic algorithms and the
complete flexibility of user-defined algorithms described pre-
viously, but also a range of additional capabilities, including
locking measurements to external event triggers and collec-
tion of external analog data, such as laser pulse energy, tem-
perature or pressure, to associate with the PLIF data.

Specifications

The configuration and specifications of individual systems
vary according to the specific measurement needs, as choice
of laser and camera models depends upon the experimental
objectives. TSI works closely with every customer to ensure
that the optimal system configuration is chosen to satisfy
not only immediate measurement needs, but also to allow
for simple expansion as measurement needs evolve.
Specifications subject to change without notice.

MATLAB is a registered trademark of the Mathworks, Inc.
Tecplot is a registered trademark of Tecplot, Inc.
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