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Prediction of an increase in volume of freezing droplet using a Phase-field method
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We have carried out two-dimensional numerical simulation for freezing of a sessile or impinging water droplet on a

cooling surface to elucidate the mechanism of droplets freezing. A Phase-field method and an immersed boundary

method have been used for capturing the interfaces of the droplet. We have revised the Phase-field method so as to predict

an increase in the volume of the freezing droplets by considering the conservation of droplet mass. The computational

results showed that the volume of the droplet increased as the droplet freezing progressed. In addition, the top of droplet

became sharp when the droplet was frozen completely.
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Table1 Computational Conditions.

200, 200 (Sessile)

Grid number Ne N 600,800 (Impinging)

Grid spacing [mm] Ax,Ay  0.009375,0.009375

Time interval [s] At 1.0x107

Droplet diameter [mm] D 11273 (Sess.ﬂe).
1.7894 (Impinging)

Initial droplet temperature [°C] Tw 5.0

Initial air temperature [°C] Ts 50

Cooling surface temperature [°C] T -20.0
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Fig.3 The area of the sessile droplet.
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Fig. 4 The height of the sessile droplet.
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Fig.5 The contour maps of the Phase-Field variable (Sessile droplet).
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Table2 Experimental and Computational results.

Case Experiment Simulation
Impinging velocity [my/s] 0.29 0.2415
Reynolds number 38 30.96
Diameter of contact area [mm)] 2.8 3.831
Final height [mm] 145 1.04
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Fig.7 The area of the impinged droplet.
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Fig. 8 The height of the impinged droplet.
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Fig.9 The contour maps of the Phase-Field variable (Impinged droplet).
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