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Image Analysis of Unsteady Spray Structure at Planar Airblast Atomizer
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Airblast atomizers are widely utilized for jet engines to atomize a bulk of liquid fuel using accompanying high-speed
gas streams. Optimizing spray mass flux distributions, providing spatial air-fuel ratio, is strongly demanded for a
reduction of pollutants and an improvement of time-response performance. However, there are limited studies reporting
quantitative spray mass flux distributions including spray unsteadiness, because of the measurement difficulty. In the
present paper, we develop a new image analysis method to measure not only the time-averaged spray mass flux
distributions but also unsteady ones, by analyzing sequential shadow images obtained using a high-speed camera.
Combining previously proposed theoretical model as a calibration reference, validity of the present optical approach is
demonstrated, which allows for discussing the unsteady spray structure. When the liquid injection velocity increases
from 0.15 to 1.5 m/s under the gas velocity from 30 to 63 m/s, the time-variant spray fluctuation is suppressed due to
the relatively larger inertia force of liquid. In contrast, at the gas injection velocity of 100 m/s, the spray fluctuation is
enhanced due to the flapping of liquid sheet as the liquid injection velocity increases. Throughout the injection
conditions, the fast gas stream tends to make the spray width narrow, leading to the standard deviation of time-variant
spray width being a constant at Weber number of over 10.
Keywords: Atomization, Airblast atomizer, Spray mass flux distribution, Unsteady spray structure, Image analysis
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Fig. 2 Configurations of 2D non-prefilming airblast atomizer
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Table 1 Atomizer geometry (unit in mm)

Gas exit height H, 33
Liquid exit height 2H, 0.30
Wedge height H, 16
Chord length L. 89
Wedge length L, 92
Wing thickness Ty 8.9
Gas exit width W, 40
Liquid exit width w; 38

Table 2 Properties of working fluids

Density Surface tension coef.
plkg/m?] o[mN/m]
Air 1.2
73
Water 998

Table 3 Experimental parameters

Gas injection velocity Uy 30 ~ 100 m/s
Liquid injection velocity v 0.15~1.5m/s
Analysis position z 10 ~ 30 mm

Table 4 Filming conditions

Camera Photron FASTCAM SA-5
Measurement time t 0.ls
Frame rate 10,000 fps

Exposure time 23~33us

High-Speed
Gas

High-Speed
Gas

Low-Speed
Liquid Sheet
BN
° . -__'."l';" " .- : et
. o r; . pc s °
® . e °
a "'. » b‘ -
- ¥
z 10mm

Fig. 3 Spray by airblast atomizer
(Center of the liquid nozzle exit allocates y = 0.)
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Fig. 4 Airblast spray in the y-z plane.

Table 5 Parameters for Cases 1-3

View area  Spatial resolution ~ Exposure time
[mm?] [wm/pix] [us]
Casel  120X110 130 25
Case2 60X 55 65 33
Case3 60X 55 65 23
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Fig. 5 Time-averaged spray images in the y-z plane.
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Fig. 6 Comparison of spray flux distributions along the y-direction obtained by the image analysis and prediction model.

Table 6 Discrepancy of €at |y/z|=1 in Cases 1-3

z=10 mm z=30 mm
Casel 0.15 0.17
Case2 0.12 0.091
Case3 0.092 0.040
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Fig. 7 Instantaneous visualization images at v; = 0.88 m/s.
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Fig. 8 Unsteady dimensionless spray flux distributions at z = 10 mm (v; = 0.88 m/s).
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Fig. 9 Unsteady dimensionless spray flux distributions at z =30 mm (v; = 0.88 m/s).
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Fig. 10 Instantaneous visualization images at v, = 63 m/s.
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Fig. 11 Unsteady dimensionless spray flux distributions at z = 10 mm (v, = 63 m/s).
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