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Introduction: aero- and thermoacoustic setups with optical access
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Agenda

Imaging techniques

OH radicals chemiluminescence

Planer Laser-Induced Fluorescence (PLIF)

Particle Image Velocimetry

Background-Oriented Schlieren
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OH radicals chemiluminescence



OH radicals chemuluminescence: requirements and setup
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Photomultiplier sensor

Requires: combustion reaction
Output: scalar value
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Planar Laser-induced fluorescence (PLIF)



Planar Laser-induced fluorescence (PLIF): requirements and setup
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High-speed camera

Requires: combustion
reaction (fluorescence of
OH radicals)
Output: intensity field

High-speed intensifier

Dye laser (UV)
Side view

Top view



Planar Laser-induced fluorescence (PLIF): example
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V-flame

M-flame

Courtesy of G. Bonciolini



Planar Laser-induced fluorescence (PLIF): postprocessing
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Phase averaging
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Particle Image Velocimetry (PIV)



Particle Image Velocimetry (PIV): requirements and setup
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High-speed camera

Requires: particles
(atomized liquid for non-
combustion purposes, 
powder otherwise)
Output: intensity field of
particles

Laser
Side view

Top view



Particle Image Velocimetry (PIV): postprocessing
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PIV: an aeroacoustic example
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U

16 March 2023



Substract
mean

PIV: an aeroacoustic example
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Phase 
averaging

Self-sustained 
oscillation for 
U = 74 m/s, 
L = 250 mm

PIV
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Background-Oriented Schlieren (BOS)



Background-Oriented Schlieren technique
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BOS
Camera 

BOS Technique

refracted beam
cold spot

unaffected beam

Output: 2D field of line of sight
integrated local refractive index
gradientFoto: NASA

Requires: Density 
variations (typically: 
temperature)
Output: deformed
background image



Background-Oriented Schlieren technique
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BOS
Camera 

BOS Technique

refracted beam
cold spot

unaffected beam

Output: 2D field of line of sight
integrated local refractive index
gradient



Background-Oriented Schlieren setup
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Intensifier Camera 1

Intensifier Camera 2
Top view

Light sourceBOS pattern
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Background-Oriented Schlieren technique
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Problem:

Large bias error if reference image
taken before test rig operation

Solution:

use average image as reference

Limitations:
→Only moving gradients are observable

Solution:

Stop down aperture

Problem:

Larger depth of field is required

Temperature

hot

cold

open closed
Aperture



Background-Oriented Schlieren: flapping jet example
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Sequential fuel injection

Diluted hot gas

To sequential 
combustion 
chamber

Fuel jet flapping due to velocity fluctuations



Background-Oriented Schlieren: velocimetry
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refractive index
gradient

structures

tracking

Bulk velocity:

• Eliminate values
below threshhold

• Histogram

𝑡 = 0

𝑡 = δ𝑡



Background-Oriented Schlieren: velocimetry example
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Phase averaged bulk velocity



Conclusion / Takeaway

 You know which various optical techniques are there 
for aero- and thermoacoustic instabilities 
characterization

 You know their various requirements

 You have an idea of the postprocessing required
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Thanks for your attention!

Questions?


