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Abstract: The visualization of scramjet ignition process is realized by using a self-developed 10kHz OH-
PLIF (Planar laser—induced fluorescence) system. The OH—PLIF tests on flame structure evolution of three igni-
tion schemes (autoignition, spark ignition and laser—induced plasma ignition) were carried out on a direct—con-
nect supersonic combustion facility. During the experiment, high spatiotemporal resolution OH-PLIF images with
a time interval of 100ws were obtained clearly. The time evolution characteristics of flame hydroxyl fluorescence
intensity and flame area were obtained by PLIF image sequence. To describe the overall movement characteristics
of the flame, the centroid trajectories of flame images were calculated. The study found that the development time

of initial flame kernel of each ignition method was less than Ims. In the ignition process, the flame propagated
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downstream along the cavity wall, then decelerated near the cavity ramp, and finally returned to the upstream.

The velocities of flame centroid ranged from 100 to 450m/s. Compared with the results of spark ignition and laser

ignition, the signal of autoignition process exhibited an intense oscillatory behavior. The results show that high—

speed PLIF technique is one of the most potential methods of engine ignition process visualization. Moreover, it is

an important support for the study of engine combustion mechanism and design.
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Fig.1 Schematic diagram of test device
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Fig.2 PLIF images of ignition process

210739-4



Fa3 H12l MR Bh R B ML JCad A2 10kHz PLIF ) 5t 4 A 2022 4
40 — 500
—a— Auto-ignition —=— Auto-ignition
35 |—e— Spark ignition —e— Spark ignition
3 —a— Laser ignition 400 - —— Laser ignition
Eost £ 300 b
< =
220t E
o
E15f S 200 |
= >
10 ¢
100
S5t L
O 1 1 1 1 O 1 1 1
00 01 02 03 04 05 06 07 08 09 1 2 3 4
Time/ms Time period
(a)

—
—_

—s—Auto-ignition
—e—Spark ignition
0.9 F o Laser ignition

=
(=)

N e
T )
—T—

Fluorescence signal intensity/a.u.

0.1
0.0 A : L 1 L . 1
00 01 02 03 04 05 06 07 08 09
Time/ms
(b)

Fig. 3 Flame area and fluorescence signal intensity versus

time

7
6
5 pa— S
e 4
=3
> —=— Auto-ignition
21— Spark ignition
I | —— Laser ignition
013 16 19 22 25 28
x/em

Fig. 4 Trajectory of flame centroid
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