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Abstract: The liquid film primary breakup characterizations under swirling flow and the influence of the
primary and secondary swirling on the liquid film primary breakup were visualization experimental investigated by
means of high—speed camera and backlighting illumination at the outlet of high shear air—blast injector. The pro-
cesses and modes of liquid film breakup were phenomenological described. Meanwhile, two typical physical quan-
tities of liquid film primary breakup were obtained by analyzing the high speed images: liquid film breakup
length and radial flapping frequency. The experimental results indicate that liquid film breakup mainly presents
bag—breakup and ligament—breakup modes under swirling flow, which is similar to the planar liquid film, and
the influence patterns of operating conditions is same. While the swirling flow makes the breakup processes and
modes superimposed and more complex. The liquid film breakup length is major determined by the primary swirl-

ing flow, and the direction of secondary swirling can be ignored. The radial flapping frequency is thought to be
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jointly dictated by the Kelvin—Helmholtz (KH) and Rayleigh—Taylor (RT) instability mechanisms and affected

by primary swirling flow as well as secondary swirling flow. In addition, at high air flow rates, co-rotation is more

favorable for liquid film instability and breakup, namely higher radial flapping frequency. However, counter-ro-

tation is more beneficial to breakup at low air flow rates. Furthermore, empirical equations are fitted from the ex-

perimental data, which agree well, and a possible correlation between radial flapping frequency and swirl num-

ber is also found. Finally, it is concluded that liquid film is prone to being instable and broken under the swirling

flow, and the primary swirling flow determines the basic morphology of the liquid film primary breakup, the role

of secondary swirling flow is to enhance shear and assist.

Key words: Swirling flow; Liquid film breakup; Visualization experiment; Liquid film breakup length;

Radial flapping frequency
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Fig. 1 Schematic of experimental setup
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Table 1 Parameters of gas

Gas bulk velocity »,/(m/s) We,
20.55 4.24
29.72 8.87
36.56 13.42
42.57 18.20
52.23 27.39
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Fig.3 Schematic of backlighting illumination
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(b) Image after background removal

(¢) Time-averaged image at one operating condition

(d) Binarized image of time-averaged

Fig. 4 Processes of time-averaged binarization
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Fig.5 Processes of time ensemble
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Fig. 6 Time series of bag-breakup at m =12kg/h and We,=4.24 in A2
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Fig. 10 Time series of flapping, collision and overlay at n=20kg/h and We,=4.24 in A2
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