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The effect of gas density on the drop trajectory and drop size distribution
in high speed gas stream
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ABSTRACT

High velocity, gas-assisted liquid drop trajectories were investigated under well-controlied
experimental conditions at elevated gas densities and room temperature. A monodisperse
stream of drops which are generated by a vibrating—orifice drop generator were injected
into a transverse high velocity gas stream. The gas density and air jet velocity were
adjusted independently to keep the Weber numbers constant. The Weber numbers studied
were 72, 148, 270, 532. The range of experimental conditions included studied the three
drop breakup regimes previously referred as bag, stretching/thinning and catastrophic
breakup regimes. High-magnification photography and conventional spray field
photographs were taken to study the microscopic breakup mechanisms and the drop
trajectories in high velocity gas flow fields, respectively. The parent drop trajectories were
affected by the gas density and the gas jet velocities and do not show similarity with respect
to the either Weber or the Reynolds number, as expected.
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Fig. 1 Schematic diagram of the optical arrangement.
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Fig 2 Schematic Diagram of showing drop
breakup with the transverse gas jet.
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Table 1 Summary of the Experimental Conditions.

Weber number, Spray  chamber Density of gas Velocity of gas Reynolds Number

We=p, Ud/oy, pressure,P, (MPa)  p, (kg/m’) jet, U (m/sec) Re=p, Ud/p,
1 7] 0.10 12 82 990
2 7 0.37 43 42 1889
3 7 0.64 7.5 32 2492
4 7 0.85 938 28 2871
5 148 0.10 12 118 1425
6 148 0.37 43 61 2744
7 148 0.64 75 46 3582
8 148 0.85 9.8 40 4102
9 270 0.10 12 159 1920
10 270 0.37 43 82 3688
1 270 0.64 75 62 4829
12 270 0.85 98 54 5538
13 532 0.10 12 223 2693
14 532 0.37 43 15 5173
15 532 0.64 15 87 6776
16 532 0.85 9.8 76 7795
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Fig. 3 Photgraph of drop trajectory with gas jet
"~ velocity and density 1.2 kg/m3 and 82 m/s,
respectively. Drops enter from left
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Fig. 4 Location of measurement point for drop
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Fig.5 Velocity distribution at gas density 1.2 kg/m’
with the four gas velocitics 82, 118, 159 and
223 mys, respectively.
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Fig. 6 SMD distribution from PDPA, with gas density
1.2 kg/m’ and the four gas velocities 82, 118,
159 and 223 m/s, with a corresponding Weber
number 72, 148, 270, 532, respectively.
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Fig. 7 SMD distribution from PDPA, with gas density

9.8 kg/m® and the four gas velocities 28, 40, 62
and 76 m/s, with a corresponding Weber
number 72, 148, 270, 532, respectively.
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Fig. 8 Comparisons of the measured and the predicted
trajectories for Weber number 532
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Fig. 9 Comparisons of the measured and the predicted
trajectories for Weber number 72.
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Fig. 10 Photographs of bag breakup of drops in gas
jets whose velocity and density are,
respectively (a) (1.2 kg/m®, 82 m/s), (b) (4.3,
42), () (15, 32) and (d) (9.8, 28),
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