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Quantities of primary interest in combustion

Methods from physics

U

Engineering sciences

Transfer of methods
» Measuring by laser light

» |nsitu-diagnostics — measuring inside
combustors

= Non- or minimal intrusive
= High temporal resolution (~10-8s)
» Reasonable spatial resolution (>10um)
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Spatial resolution

« Laser properties

— Coherent radiation — well focusable — small spot sizes = small probe
volumes

— For TEMy,-mode operation:

Laser Focal plane
Radiation A

— Typical values f=350mm, d=10mm, A=532nm
— Spot size diameter 2R~45um
— In practice for pulsed lasers worse (~200um)
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Spatial resolution

« Typical spatial scales in turbulent flows

— Integral length scale  Lj; (X, 1) = %prij (X, t,1,,0)dr,

Ui (X, t)uj(X +T1,1)

u’2(x t)\/u’z(x+r t)

— Spatial covariance  pjj(X,T,t)=

— Kolmogorov (smallest) length scale 3\1/4
(v kinematic viscosity m?/s) Nk —[ J €
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Spatial resolution

Full optical resolution:
2R (spot diameter) < n, (Kolmogorov scale)
Example non-reacting swirling flow
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Spatial resolution

« Comparison optical resolution and Kolmogorov scale
— Spot size 2R~45pm (f=350mm, d=10mm, A=532nm)
— Kolmogorov scale n,~50um (swirled air flow at Re=10000)
— Same order of magnitude but in practice often not fully resolved

— To be considered when comparing experimental data to numerical
results

— Smoothing of measurands is an important issue but not yet any
commonly agreed advice for best practice when comparing “filtered”
measurands with “filtered” quantities from CFD
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Temporal resolution

« Pulsed laser operation
— Quality (g-) switch allows ns-pulses (10° s)
— 1ns pulse corresponds to ~30cm

— Pulsed operation increases intensity dramatically — non-linear
optical methods become feasible (most prominent method CARS)

« Typical time scales in turbulent flames

— Integral time scale Tij()?,t)=%jjooopij()?,t,0,r)dr

ui (X, Hu(X, t+1)

’2(x t)\/ ’2(x t+1)

— Temporal auto-covariance pjj(X,t,0, r)—

1
| V2
— Kolmogorov time scale 7, :(—j
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Temporal resolution

Example reacting swirling lean premixed flame
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Comparison optical resolution and Kolmogorov time scale
— Laser pulses are much shorter than any time scales in turbulent flames
— Temporal resolution is no problem

— Comparison of calculated and measured power spectra better in
frequency domain
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0D — 3D measurements by laser diagnostics

« Up to 3 spatial dimensions are observable
— 0D/ 1D: generation of a thin laser beam
— 2D: generation of a laser light sheet

Laser beam

Cylindrical lens

Laser light

Quasi-3D: multiple and parallel laser light sheets
— 3D: Volumetric illumination
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Scanning devices

- i Galvanic mirror Scan-speed

Polygon scanner

Acousto-optic deflector

Acoustic wave
\ /
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\

_ _ _ ) ) Driver fp— \
Weinkauff et int. Dreizler, Bohm. Meas. Sci. Technol. (2015) 26:105201 @ T

Crystal

Piezo-transducer

DC source
(Wave generator)

Andreas Dreizler | 11 Li et int. Dreizler, Bohm. Appl. Phys. B (2017) 123:78 11



Acousto-optic deflector
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Faster than any mechanical device

No moving parts
Use of Bragg reflection

Changing acoustic wavelength (frequency) - change of Bragg angle
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Acousto-optic deflector
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Setup
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Mirror I

0 4000
intensity {(a.u.)

005 1
n. intensity

i =
0 200
intensity (a.u.)

-1 0 1
z (mm)

10.8

10.6

10.4

10.2

13



TECHNISCHE
UNIVERSITAT
DARMSTADT

Acousto-optic deflector: Application example

« Base of lifted flame
* Volumetric distribution of formaldehyde
« Temporal sequence
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Prisma
Burner head Mirror
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Phantom V711
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Volumetric imaging of auto-ignition

- Co-flow Jet
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4D-diagnostics: 3 spatial dimensions & time
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