
Heating and Evaporation of Droplets on a Super-

hydrophobic Surface: Preliminary Results

Dmitrii Antonov1, Roman Fedorenko1, Pavel Strizhak1, 

Sergei S. Sazhin2

NOVEMBER, 2021 | VIRTUAL CONFERENCE

The 2nd International Conference on Fluid Flow and Thermal Science  

1National Research Tomsk Polytechnic University, 30 Lenin Avenue, Tomsk, 634050, Russia

antonovdv132@gmail.com; vfedrm@gmail.com; pavelspa@tpu.ru 
2Advanced Engineering Centre, University of Brighton, Brighton, BN2 4GJ, UK

S.Sazhin@brighton.ac.uk



2/16

Motivation

Inkjet printingPhase-change 

cooling

The main applications

Controlled deposition of self-

assembled surface coatings

* Z. Pan, S. Dash, J.A. Weibel, and Suresh V. Garimella, Assessment of water droplet evaporation mechanisms on hydrophobic

and superhydrophobic substrates, Langmuir. 2013. V. 29. P. 15831-15841.
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The previous models of heating and evaporation of 

droplets on a surface

* Z. Pan, S. Dash, J.A. Weibel, and Suresh V.

Garimella, Assessment of water droplet evaporation

mechanisms on hydrophobic and superhydrophobic

substrates, Langmuir. 2013. V. 29. P. 15831-15841.

Schematic diagram of the numerical solution 

domains and boundary conditions (with mesh 

overlay).

Schematic diagram of modeling location, boundary

conditions, initial conditions and mesh overlay

* N. Lyu, H. He, F. Wang, C. Liang, X. Zhang, Droplet evaporation

characteristics on heated superhydrophobic surface subjected to airflow,

International Journal of Heat and Mass Transfer. 2021. V. 181. P. 121874.
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The aim of this work is development a new simple

model of heating and evaporation of droplets on a

super-hydrophobic surface.
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A new simple model of the phenomena
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The mathematical formulation of the problem

The mathematical formulation of the problem includes two interconnected

parts: droplet heating and droplet evaporation.

* Z. Pan, S. Dash, J.A. Weibel, and Suresh V. Garimella, Assessment of water

droplet evaporation mechanisms on hydrophobic and superhydrophobic

substrates, Langmuir. 2013. V. 29. P. 15831-15841.
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Droplet heating

The effective thermal conductivity

where is approximated as:

where Peclet number Ped(l) is calculated using liquid fuel transport properties and

maximal liquid velocity near the droplet surface.

Equation for temperature distribution inside droplets:

where is the effective thermal diffusivity.

Robin boundary conditions:

where Ts = Ts(t) is the droplet’s surface

temperature, Tg is the constant ambient

temperature, h is the convection heat transfer

coefficient, assumed to be constant during the

time step.
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Droplet evaporation and swelling

The mass flux of evaporating droplets:

where Dv is the diffusion coefficient of vapour in ambient gas (air), ρtotal is the 

density of the mixture of vapour and gas,

is the modified Sherwood number.

The conservation of mass of droplets during their swelling:

is the average droplet temperature. The relevant changes in droplet radii were

accounted for at the end of the time steps.
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Analytical solution
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Analytical solution

The internal heat source
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Published experimental data

* N. Lyu, H. He, F. Wang, C. Liang, X. Zhang, Droplet evaporation characteristics on heated superhydrophobic surface

subjected to airflow, International Journal of Heat and Mass Transfer. 2021. V. 181. P. 121874.

Temporal variation of droplet volumeTemporal evolution of contact radius
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Experimental setup

Experimental setup: 1 – light source; 2 –

high-speed videocamera “Phantom MIRO

M310”; 3 – water droplet; 4 – plate; 5 –

heating source; 6 – droplet dosator; 7 –

isolated zone.

The application of the MatLab software to the analysis

of video frames with images of droplets
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Fresh experimental data vs. Modelling

Normalised squared droplet diameter versus time predicted by the present simulation (solid is with both 

contact area and radiative effects, dash is no effect contact area and radiative effects) and the results of 

experimental measurements (stars). Input parameters: Tsub=373 К, Rd0=1.2048 mm, 

Dcontact(t)=(-0.000152t+1.734409)∙0.001, Trad=349.5 К, Tcont=355.7 К,T0=300 K, Ua=0 m/s
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Published experimental data vs. Modelling

* N. Lyu, H. He, F. Wang, C. Liang, X. Zhang, Droplet evaporation characteristics on heated superhydrophobic surface

subjected to airflow, International Journal of Heat and Mass Transfer. 2021. V. 181. P. 121874.

Normalised squared droplet diameter versus time predicted by the present simulation (solid is with both contact area and radiative

effects, dash is no effect contact area and radiative effects) and the results of experimental measurements (stars). Input

parameters: Tsub=313 К, Rd0=0.0007842 mm, Dcontact(t)= (-0.00000006312463∙t4+0.00002838426268∙t3-

0.00422519680533∙t2+0.21973664188156∙t+568.68590151628100)∙0.000002, Trad=298.9 К, Tcont=313 К,T0=278 K, Ua=1 m/s.
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Conclusion

1

• A new simple model of heating and evaporation of 
droplets on a super-hydrophobic surface is suggested.

2

• Model predictions are shown to be consistent with 
published and in-house experimental data at small 
plate temperature (below 100 °C).
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