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Numerical study on pressure drop with moving contact lines of dry slug flow
in a hydrophobic minichannel

Jun Ho Jeon’, Su Chung Park”, Dong In Yu™, Tae Hun Kim”~, Yeon Won Lee'

Abstract In this study, a single-phase analysis of droplet slug with different contact angles was
performed based on the visualization of experimental results. Droplet slug — flowing between gases
in a hydrophobic mini channel — moves with a triple contact line without a gas liquid film on the
wall. The results show that the rotational flow inside the droplet occurred; this was compared and
verified with the results of two-phase analysis. The pressure field shows pressure rise at the front and
rear ends. The effective length — the section that satisfies the laminar flow condition — became shorter
as the droplet velocity increased. The Choi’s correlation for the effective length agrees with this
analysis results with a slight difference. This difference is judged as the difference in the contact angle
of the slug model.
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Water slug

Fig. 1. Dry slug flow in hydrophobic minichannels
(a) schematic, (b) X-ray image
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Fig. 2. Computational domain and
boundary conditions

Table 1. Droplet moving contact angle parameters

Case Velocity Advancing Receding
[ms] angle [°]  angle [°]
1 0.07649 133.01 73.02
2 0.11342 134.51 68.17
3 0.1506 133.52 66.65
4 0.18592 133.70 65.31
5 0.22277 133.59 59.99
6 0.26103 133.62 56.69
7 0.29412 133.23 53.68
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Fig. 3. Velocity field for Case 7 (a) streamline of
relative velocity fields; (b) contour of the
absolute value for the relative velocity



27 A Wl FEoke HEde 7R dAlER

Fig. 4. Velocity field of two-phase model
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Fig. 5. Pressure and velocity fields for Case 7
(a) pressure contour; (b) pressure at line
1~4; (c) velocity component v at line 1~4
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Fig. 6. Comparison of effective lengths with our
result and other correlations
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