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Turbulent combustion 1nvolves thousands of chemical reactions that interact with turbulent flows over a wide spectrum of spatio-temporal scales. These interactions are highly
non-linear, and inherently evolves 1n both spatial and temporal dimensions. Expanding diagnostic capabilities from conventional 10 Hz two-dimensional imaging to time-resolved three-
dimensional (3D) visualization of key quantities (e.g. velocity and species) 1s a necessity to understand the dynamics of turbulent combustion phenomena. We demonstrate development of
a new capability that extends species imaging (CH,O) to time-resolved 3D measurements by employing a 100 kHz pulse-burst laser and an acoustic-optic deflector scanning system 1n a
lifted turbulent jet flame. Temporal dynamics of the complex CH,O topology and its interaction with the flow field 1n lifted turbulent jet flames are needed to better understand the flame
propagation/stabilization mechanisms.

Tomo-PIV + 3D-LIF Imaging by High-speed 3D Measurement of Flow Field and CH,O LIF

Lifted Dimethyl|
Raster Scanning of Burst Laser ferove/ar CH,0 and Vel. Fluctuation v’
Jet Flame
Velocity
102 mm 10 Fluctuation
vVi=v—7v
CHzo'LIF g -
camera ) ¢
g6 |
2 2.4
1.6
4 0.8
2 0.0
N = ° ' | > ES | Normalized
éfﬁ_;o ' | i CH,O-LIF Signal
" < : o
~ é;o Y 0.9
4 Tomo-PIV K 0 0.7

0.5

CH,O LIF cameras 10 0.3
41 band CH,0 and Vortncnty Mag 0.1
0
AtA, « X114,
system
Vorticity
Magnitude
o
100 kH 2 wl = |7xv|
y 4 g
(s)
Nd:YAG Burst Laser Nt .
6,000
5,000
DME/Air  13.5m/s 9.5 Air 0.2 m/s o
4,000
10
Acousto-Optic Deflector (AOD) CH,O and Strain Rate Norm
Acousto-Optic Deflector (AOD) Acoustic frequency versus Voltage Acoustic frequency versus Efficiency
10 100%
- = 8 - ( - \\ \ Strain Rate
oder 2 6l . ol sl Law® TN f =™k kY|
- {2t/ : \\ Norm
/ » L
3- i _,_8 ol | o ’ Psat(12W) ‘\ E
' § 2 |  =F il I e : sl = \[512 A
0. od 10% ’
o O I I I I 0%100 106 110 115§ 120 125 130 135 140 145 150 155 160 (s-l)
55 65 75 8 95 105 7,000
Frequency [MHZz] N ,
fi f 1 Nearly linear response of Acoustic Acceptable efficiency (~ 80%) over -
acoustic wave % frequency to Control Voltage wide frequency range 5,000
optic wavelength 5,000
acoustic '
\ / frequency

A-f L 4000

V «—

Scanning Angle: @ ~

acoustic
velocity

Synchronization of burse-pulse laser, AOD and TPIV laser

AE=15 us
CH,0O pocket grows and merges into other
100 u8 ; _— . CH,O structures
J |
Raster Scanning of Laser sheets
with 500 pulses per burst
10 planes
AOD
—_— f———]
_____ 10 us Ry
A -1
26’2';-10
o AOM voltage scanning 3 ' : [
E rtoess e Formation of isolated CH,O pocket v : L (( |
> pulse laser 1);,);- \ [
At=100 s "
Summary Acknowledgments
o . . . o . . . . . Sandia authors gratefully acknowledge the support of the US Department of Energy,
 Demonstrated feasibility of high-speed imaging of velocity field with 3D LIF imaging of formaldehyde using laser raster scanning Office of Basic Energy Sciences, Division of Chemical Sciences, Geosciences, and

Temporally correlated CH,O and turbulence structures have been found. CH,O pocket formation and propagation has been identified, | Biosciences. Sandia National Laboratories is a multimission laboratory managed and

suggesting occurrence of auto-ignition as a stabilization mechanism operated by National Technology and Engineering Solutions of Sandia, LLC., a wholly

. . . o . . . owned subsidiary of Honeywell International, Inc., for the U.S. Department of Energy’s
* Next steps for Tomo-PIV/3D-LIF imaging data: Analyze dynamics of flame stabilization, propagation, and full 3D strain alignment National Nuclear Security Administration under contract DE-NA-0003525.

COMBUSTION RESEARCH FACILITY @ Sandia National Laboratories



