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Abstract: Using FLEET to measure flow field velocity, the shape and feature of fluorescent filament impact on the
accuracy and range of the velocity measurement, and are determined by the parameters of the FLEET optical
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system. Therefore, it is necessary to study the influence of FLEET optical system parameters on fluorescent

filament. In this paper, the influences of main parameters for optical system, namely pulse energy of femtosecond

laser and focal length of the focusing lens, on the length of filament, peak intensity, energy density of flament and

signal to noise ratio are investigated by experiment. The lifetime of air fluorescent filament under different pressures

are measured with the optimum experiment parameters. Experiments show that there is a power density threshold

for femtosecond fluorescent filaments excitation, which is about 2x10" W/cm? in this experiment. The optimization

of optical system parameters should be based on the high signal-to-noise ratio and uniform intensity distribution of

filament. The lifetime of femtosecond fluorescent filaments is about several microseconds. Therefore, the time

interval between two velocity measurement samples should be less than microseconds. The results are useful for

determining the main parameters of FLEET optical system.

Keywords: FLEET,; velocity measurement; fluorescent lifetime; image processing
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Fig. 2 Scaling calibration.

(a) Original scale; (b) After threshold segmentation; (c) After tilt correction
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Fig. 3 Air fluorescent filament images excited by femtosecond laser with different focal length and laser energy.

(a)~(c) With 300 mm focus length and 1 mJ, 2 mJ and 3 mJ laser energy respectively;
(d)~(f) With 1000 mm focus length and 1 mJ, 2 mJ and 3 mJ laser energy respectively
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Fig. 4 Process for definition of effective area of fluorescent filament.

(a) Projection directions; (b) One dimension curve of projection along x direction, /,; (c) Projections of signal and background
along y direction, /; and I, ; (d) I, curve before and after filtering in space frequency domain;
(e) After space frequency filtering of I, and /.,; (f) Effective area of fluorescent filament
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Fig. 5 Geometric feature extraction of fluorescent filament.

(a) Result of binarization; (b) Center line extraction
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Table 1 The maximum gray affected by laser power and focal length

Laser energy

Focal length of focus lens/mm
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0.5 23759 1216 764 750 A5
1.0 205599 3840 2375 1950 Tl
1.5 345641 5377 3614 2882 1071
2.0 541298 9239 6504 3711 1265
25 575889 13876 7844 4508 1497
3.0 610190 17881 10900 5118 1795
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Table 2 The laser power density at back focal plane with different laser power and focal length/(W/cm?)

Laser energy

Focal length of focus lens/mm

/mJ 175 300 500 1000 1500

0.5 7.22x10" 2.46x10" 8.84x10™ 2.21x10" 9.82x10"
1.0 1.44x10" 4.91x10" 1.77x10" 4.42x10" 1.96x10"
1.5 2.17x10" 7.37x10" 2.65%10" 6.63x10" 2.95x10"
2.0 2.89%10" 9.82x10™ 3.54x10™ 8.84x10" 3.93x10"
25 3.61x10" 1.23x10" 4.42x10" 1.11x10" 4.91x10"
3.0 4.33x10" 1.47x10% 5.30x10" 1.33x10" 5.89x10"
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Fig. 6 Fluorescent filament SNR and length vs laser power and focal length.

(a) SNR curve; (b) Filament length curve
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Overview: Femtosecond laser electronic excitation tagging (FLEET) is proposed in 2011 as Molecular tagging velocity
measurement technique. FLEET uses one femtosecond laser and one optical detector (usually ICCD) and one signal
generator, and works with nitrogen fluorescence as tagging tracer. Its experimental system is simple and no injection
problem of tracer particle, hence has a wide application prospect. Fluorescent filament features such as size and intensity
distribution are very vital to the velocity measurement accuracy, which are decided by the optical system parameters.
Therefore, it is particularly important to study the influence of optical system parameters on it.

In this paper, the effects of laser pulse energy and focal length are researched on the length, peak intensity, power
density and signal-to-noise ratio of fluorescent filament by the experiment, and the threshold laser power of excited air
fluorescent filament and the optimal system parameters are given. With optimal optical system parameters, the lifetime
of still air fluorescence under 4 different pressures are shown.

The results show that there is a power density threshold for excitation of femtosecond fluorescent filaments. Only
when femtosecond laser power is greater than threshold, the fluorescent filaments will be generated near the rear focal
plane of the focusing lens. The minimum power density required for femtosecond laser to excite air fluorescent
filaments is about 2x10” W/cm®. When the femtosecond laser energy is constant, the longer the focal length is, the
longer the filament and the lower the signal-to-noise ratio are; When the focal length is constant, the length of the
fluorescent filament becomes longer with the increase of laser energy, and the central position of the fluorescent
filament in the x-axis direction moves toward the focusing lens. Within the parameter range of the experimental study,
when the focal length of the focusing lens is 500 mm and the laser energy is 3 m]J, the quality of the fluorescent filament
is relatively excellent. The filament has relative uniform intensity distribution and high signal-to-noise ratio. Under
these parameters, the lifetime of air fluorescent under four pressures are about few microseconds. Therefore, when the
flow field velocity is measured by FLEET, the time interval between two measurement samples should be less than a few
microseconds. This research provides the basis for the optimization of optical system parameters in the flow field
velocity measurement by FLEET.

Wang J X, Chen S, Chen L, et al. Parameters optimization of FLEET optical system[J]. Opto-Electron Eng, 2022, 49(4):
210318; DOI: 10.12086/0ee.2022.210318
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