
Conclusions

1) The CFD simulations predict the droplet formation mechanism and bounding

the liquid and controlling the wavelengths are necessary to tune droplet size.

2) Based on the CFD simulations, the onset of droplet ejection occurs at (𝟏 µ𝐦)

which is 3x the predicted value (0.34 µm) as expected (from 3 to 6) [3].

3) The higher the frequency the smaller the aerosol mean droplet diameter.
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Figure 1: The damped Mathieu stability chart for liquid water actuated at 1 MHz. Cyan (unstable), white (stable), and the

minimum (red) point indicates the theoretical critical threshold (0.34 µm) for droplet ejection. Insets are schematic

representations of the spray formation stages starting from a flat interface followed by generation of capillary waves.
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Interface stability and aerosol formation

• The damped Mathieu equation (Eq.1) [1] is used to examine interface stability:

ሷ𝐇 𝑻 + 𝟐𝛍 ሶ𝐇 𝑻 + 𝐩 + 𝟐𝐪𝐜𝐨𝐬(𝟐𝐓) 𝐇 𝑻 = 𝟎 (1)

H(T): is the unsteady capillary wave amplitude,

p: is a constant that depends on liquid properties and forcing frequency, and

q: is another constant that depends on liquid properties, forcing frequency, and

vibration amplitude.

• The theoretical critical amplitude after which the capillary waves break up into

droplets is 𝐚𝐜 = 𝟐(µ/𝛒 ) (𝛒/𝛑𝛔𝐟)^(𝟏/𝟑) [2].

• The number median droplet diameter (Dn50) from ultrasonic nebulisers is

predicted by Lang’s experimental equation (Eq. 2) [3]. Accordingly,

𝐃𝐧𝟓𝟎 = 𝑪λ = 𝑪(𝟖𝝅𝝈/𝝆𝒇𝟐)𝟏/𝟑 (2)

• Lang’s constant (C=0.34) does not always predict Dn50 accurately at MHz
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Numerical simulations

• Spray formation requires a forcing amplitude greater than the predicted critical

amplitude which is 1 µm at 1 MHz for water.

• The forcing frequency and critical amplitude are inversely proportional.

• Figure (2) shows a qualitative comparison of the capillary waves and ligaments

formation which break up into main and satellite droplets at 1, 2.5, and 4 MHz.

• From (Fig. 3), as frequency increases, the mean droplet diameter decreases.

Figure 2: (a) CFD 2D model of the PALM and the dashed lines vibrate vertically. 2D CFD snapshots for ligament formation

and their breakup into droplets being ejected from a microchannel filled with water vibrated at different forcing frequencies

and amplitudes. At (b) 1 MHz & 3.25 µm, (c) 2.5 MHz & 2.5 µm, and (d) 4 MHz & 2 µm. The values beneath every simulation

represent the number of cycles of vibrations. All white bars are 10 µm.

Figure 3: 2D CFD snapshots for spray formation at (a) 1 MHz & 3.25 µm, (b) 2.5 MHz & 2.5 µm, and (c) 4 MHz & 2 µm. (d)

Snapshot of droplets as they leave the microfluidic chip. Recorded at 30,000 fps.
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