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Numerical Analysis of the Sessile Droplet Evaporation on Heated Surfaces
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Abstract

Droplet evaporation has been known as a common phenomenon in daily life, and it has been widely used for many appli-
cations. In particular, the influence of the different heated substrates on evaporation flux and flow characteristics is essential
in understanding heat and mass transfer of evaporating droplets. This study aims to simulate the droplet evaporation process
by considering variation of thermal property depending on the substrates and the surface temperature. The commercial pro-
gram of ANSYS Fluent (V.17.2) is used for simulating the conjugated heat transfer in the solid-liquid-vapor domains. More-
over, we adopt the diffusion-limited model to predict the evaporation flux on the different heated substrates. It is found that

the evaporation rate significantly changes with the increase in substrate temperature. The evaporation rate substantially varies
with different substrates because of variation of thermal property. Also, the droplet evaporates more rapidly as the surface
temperature increases owing to an increase in saturation vapor pressure as well as the free convection effect caused by the

density gradient.
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Table 1 Fluid properties

Water Gas
Density (kg/m®) -0.003797%+1.996T+738.719 Ideal gas law
Thermal conductivity (W/m-K) -0.00001057%+0.0079767-0.83745 7.000x107°7+5.180x107~7
Specific heat capacity (J/kg'K) 4182 1006
Viscosity (kg/m-s) 2.0427x1077%-1.4102x10747+2.4780x107> 4.897x10787+3.832x10°°
Latent heat (kJ/kg) 2274 -

Table 2 Properties of solid substrate

Copper Aluminum Steel Ceramic (Macor)
Density (kg/m?) 8978 2719 8030 2520
Thermal conductivity (W/m-K) 387.6 202.4 16.3 1.5
Specific heat capacity (J/kg'K) 381 871 502.5 790
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