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1. Strength of Marangoni Flow due to temperature and concentration gradient:

Here, we discuss the possible role of Marangoni convection in our study. This can be achieved
by comparing the flow velocity due to Marangoni stress (Up) and aerodynamic shear stress
(Uy) at the droplet surface. The Marangoni flow velocity can be expressed as Uy = Ao/ ;.
Here, Ao is the change in surface tension across the interface due to temperature and

concentration gradients, which can be elaborated as, Ao = [(g—g) dT + (067(’) dYW].
Y, wT

Here, Y,, is the mass fraction of water in the liquid phase at the droplet surface. Thus, the
Marangoni flow velocity can be expressed as,

(a—‘f) ar + (3—0) dY,,
aT |y, Yy ) r
Based on the correlation presented by Nayar et al. (2014), we find that within the temperature
and concentration range of our study, the surface tension gradients are expected to be in the
order (0o /dT)y,, = —107*N/m/°C and (80 /8Y,,)r ~ —10"*N/m/(w /w%). From contour
plots of T and Y (figure in manuscript), we expect the scales for variation in them to be in the
order of dT ~ 0.01°C and dY,, =~ 0.01(w/w%), respectively for most of the droplet lifetime.
Substituting these scales in Eq. 1.1, along with the value of liquid viscosity (u; ~ 10~3Pa-s),
we find the velocity scale of Marangoni flow to be Up; ~ 10~ m/s.

As we described in the paper, the aerodynamic shear-driven flow velocity at the droplet
surface is

Um = [ (1.1

Us = (1/32)(Ug - Up)(/'lg/#l)RepCF' (1.2)
Here, g is the gas phase dynamic viscosity (¥ 107Pa-s), and Cr is the skin friction
coefficient for an evaporating sphere calculated using the correlation given by Cr =
12.69Re1_,2/3/(1 + Bp). The Reynolds number is Re, = (2p4|U, — Uglrs)pg. Since the
gas phase velocity is in the order of 1 m/s, and (1 + Bys) ~ 1, we estimate the shear-driven
velocity scale to Ug ~ 1072m/s, which is an order of magnitude higher than U,,.

Thus, in this study, Marangoni flow can be considered weak. If the gas phase temperature
is significantly higher than the initial droplet temperature (for example, evaporation and
combustion of fuel droplets injected in engines of gas turbines), the dT is expected to be
significantly higher, and as such, Marangoni flow will be comparable to the shear driven flow
at the droplet interface, as shown by Niazmand et al. (1994); Dwyer et al. (1996, 1998).

2. Grid independence study:

We have performed a grid convergence study using various grid sizes in the liquid phase. It is
to be noted that the liquid phase inside the droplet was solved using a polar (» — 8) coordinate
system, where both the dimensions (r and ) were discretized using an equal number of grid
points. In Fig. 1, we compared the diameter regression rate for three different grid sizes. We
notice that all droplet size history is very close for all three grid sizes. Careful observation
also reflects that, beyond the 20x20 grid size, the difference in results becomes insignificant.
Thus, we used a 20x20 grid size for the rest of the study.
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Figure 1: Diameter regression history for three different grid sizes.

Property Values
Density of water, py, 980 kg/m?>
Density of salt, pg 2160 kg/m?>
Density of air, pg 0.9918 kg/m>
Specific heat of water, Cj, 4.18 x 103 J/KgK
Specific heat of salt, Cp s 0.86 x 103 J/KgK
Specific heat of air, Cp, ¢ 1.007 x 10° J/KgK
Dynamic viscosity of gas phase, ug 18 x 107 Pa-s
Dynamic viscosity of liquid phase, y; 7.94 x 104 Pa-s
Thermal conductivity of liquid phase, k; 0.6 W/mK
Thermal conductivity of gas phase, kg 26.62 x 1073 W/mK
Binary diffusivity (water vapor in air), D, 22.5x 1070 m%/s
Binary diffusivity (salt in water), D, 7, 1x 1072 m%/s
Latent heat of evaporation for water, i 7 o 2439 x 103 J/Kg
Vapor pressure of water, Pgqy (T) Psar(bar) = 104 B/(T(K)+C) |

where A=4.6543, B=1435.264, C=-64.848

Table 1: Property values.

3. Physical properties
In table 1, we have listed the property values used for this study.

4. Effect of added mass and Basset history force on drag force

The drag force on a spherical particle or droplet can include various effects. The simplified
form used for this study (equations 2.1 and 2.3 in the manuscript) only considers the steady
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Figure 2: Comparison of three different drag forces. (a) steady drag is considered for our
study. (b) added mass effect, and (c) Basset history force were neglected in our study. We
can see the latter two are significantly smaller than the steady-state drag.

drag forces. However, it has been shown that the added mass effect and the Basset history
Jorce can also contribute to the drag forces on a particle or droplet in an accelerating or
decelerating flow (Odar & Hamilton 1964; Berlemont et al. 1990; Aggarwal & Peng 1995).
The contribution from the added mass effect can be evaluated by

4 5 d D

¥/
Famz_?rspgz (UP_U8)+?rgpgD_t(Ug)’ (41)

where D /Dt is the material derivative, and C, is the drag coefficient due to added mass
effect, which is close to 1 (Aggarwal & Peng 1995). On the other hand, the contribution from
the Basset history force can be expressed as

Doll td(Up—Ug)
Fpp = —nriCpa| 2228 / I (4.2)
R O Y R

where ¢’ is a dummy variable for integration and Cj, is the drag coefficient due to Basset
force, which is about 2.3 (Aggarwal & Peng 1995). The details about these forces can be
found in literature (Odar & Hamilton 1964; Berlemont ef al. 1990; Aggarwal & Peng 1995).

In the context of our simulation, we have evaluated the three effects on drag and their time
histories, shown in Fig. 2. The steady-state drag, considered for the simulation, is almost 3
and 2 orders of magnitude larger than the added mass effect and the Basset history force,
respectively. We neglected the latter two terms for evaluating drag force. This assumption
also allows obtaining a closed-form expression for the scaling analysis.
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