
Contents and Introduction
Mathematical formulation and numerical methods

Numerical experiments
Conclusions

DNS of Interfacial Heat and Mass Transfer in
Bubble Swarms

PRACEdays18
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The objective of this work is to develop numerical methods for Direct
Numerical Simulation (DNS) of bubbly flows with interfacial transport
phenomena (variable surface tension, phase change, heat and mass transfer).
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Navier-Stokes equations and energy equations1,2

1
Balcázar et al., (2014). A finite-volume/level-set method for simulating two-phase flows on unstructured

grids, Int. J. Multiphase Flow 64, 55-72. https://doi.org/10.1016/j.ijmultiphaseflow.2014.04.008
2
Balcázar et al., (2016). A level-set model for thermocapillary motion of deformable fluid particles, Int. J.

Heat Fluid Flow 62, Part B, 324-343. http://dx.doi.org/10.1016/j.ijheatfluidflow.2016.09.015
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Two-phase flow and energy equations: One marker model
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Interface capturing: Coupled VOF/LS method[4]

3
Jofre, L., Lehmkuhl, O., Castro, J., Oliva, A., (2014). A 3-D Volume-of-Fluid advection method based on

cell-vertex velocities, Computers & Fluids 94, 14-29.
4
Balcázar et al., (2016). A coupled volume-of-fluid/level-set method for simulation of two-phase flows on

unstructured meshes, Computers & Fluids 124, 12-29.
http://dx.doi.org/10.1016/j.compfluid.2015.10.005
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Balcázar et al., (2016). A coupled volume-of-fluid/level-set method for simulation of two-phase flows on

unstructured meshes, Computers & Fluids 124, 12-29.
http://dx.doi.org/10.1016/j.compfluid.2015.10.005

12 / 37

http://dx.doi.org/10.1016/j.compfluid.2015.10.005


Contents and Introduction
Mathematical formulation and numerical methods

Numerical experiments
Conclusions

Two-phase flow and energy equations
Interface capturing: Unstructured CLS method
Interface Capturing: Coupled volume-of-fluid/level-set method
Interface capturing: Multiple marker CLS method

Interface capturing: multiple marker CLS method [2, 5]

2
Balcázar et al., (2016). A level-set model for thermocapillary motion of deformable fluid particles, Int. J.

Heat Fluid Flow 62, Part B, 324-343. http://dx.doi.org/10.1016/j.ijheatfluidflow.2016.09.015
5
Balcázar et al., (2015). A multiple marker level-set method for simulation of deformable fluid particles, Int.

J. Multiphase Flow 74, 125-142. https://doi.org/10.1016/j.ijmultiphaseflow.2015.04.009
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Numerical methods: Discretization [1, 2]
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Numerical methods: Spatial discretization [2, 5]
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Numerical methods: Global algorithm [1, 2, 6]

1
Balcázar et al., (2014). A finite-volume/level-set method for simulating two-phase flows on unstructured

grids, Int. J. Multiphase Flow 64, 55-72. https://doi.org/10.1016/j.ijmultiphaseflow.2014.04.008
2
Balcázar et al., (2016). A level-set model for thermocapillary motion of deformable fluid particles, Int. J.

Heat Fluid Flow 62, Part B, 324-343. http://dx.doi.org/10.1016/j.ijheatfluidflow.2016.09.015
6
Balcázar et al., (2017). DNS of the wall effect on the motion of bubble swarms, Procedia Computer

Science 108, 2008-2017. https://doi.org/10.1016/j.procs.2017.05.076
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Applications: Gravity-driven bubbly flows [6, 7]

18 bubbles, Eo = 3, Mo = 10−6, ηµ = ηρ = ηλ = 100. (2086 CPU cores)

6
Balcázar et al., (2017). DNS of the wall effect on the motion of bubble swarms, Procedia Computer

Science 108, 2008-2017. https://doi.org/10.1016/j.procs.2017.05.076
7
Balcázar et al., (2018). Direct and Large-Eddy Simulation X. ERCOFTAC Series, vol 24. Springer,

Cham. https://doi.org/10.1007/978-3-319-63212-4_15
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Falling droplets (Validation) [8]

Eo = 6.4, Mo = 1.03× 10−5, ηµ = 0.33, ηρ = 1.19, CR = 8,
(DΩ,HΩ) = (CR · d, 12d), h = d/30 (4.4MCV s), 256 CPU-cores.

1
Balcázar et al., (2014). Int. J. Multiphase Flow 64, 55-72.

4
Balcázar et al., (2016). Computers & Fluids 124, 12-29.

8
Balcázar et al., (2018). DNS of Falling Droplets in a Vertical Channel.. International Journal of

Computational Methods and Experimental Measurements. Volume 6, Issue 2, pp. 398-410.
9
Mohamed-Kassim and Longmire (2003), Phys. Fluids 15, 3263-3273
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Applications: Falling droplets [8].

Falling droplets at ηµ = 1.0, ηρ = 1.2, CR = 2, (DΩ,HΩ) = (2d, 10d) (square
channel), h = d/40 (3.072M CVs), 128 CPU-cores.

8
Balcázar et al., (2018). DNS of Falling Droplets in a Vertical Channel.. International Journal of

Computational Methods and Experimental Measurements. Volume 6, Issue 2, pp. 398-410.
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Applications: Interaction of 2 falling droplets [8].

2 droplets at Eo = 2.5, Mo = 10−7, ηµ = 1.0, ηρ = 1.2, CR = 4,
(DΩ,HΩ) = (4d, 10d) (square channels), h = d/40 (12.288M CVs), 512

CPU-cores.

8
Balcázar et al., (2018). DNS of Falling Droplets in a Vertical Channel.. International Journal of

Computational Methods and Experimental Measurements. Volume 6, Issue 2, pp. 398-410.
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Ongoing work: More details in [9]

9
Balcázar et al., (2018). A level-set method for interfacial heat or mass transfer in two-phase flows.

In Proceedings of 7th European Conference on Computational Fluid Dynamics (ECFD 7), Glasgow-UK.

35 / 37

http://www.eccm-ecfd2018.org/frontal/ProgSesion.asp?id=499


Contents and Introduction
Mathematical formulation and numerical methods

Numerical experiments
Conclusions

1 Introduction.

2 Mathematical formulation and
numerical methods.

3 Numerical experiments.

4 Conclusions.

36 / 37



Contents and Introduction
Mathematical formulation and numerical methods

Numerical experiments
Conclusions

Mass conservative interface capturing methods have been introduced for
simulation of two-phase flows on 3D unstructured meshes, including
surface tension effects.

A multiple marker interface capturing method has been introduced for
simulation of bubble swarms.

These methods have been extensively validated and verified against
experiments, analytical and numerical results from the literature.

Current work extends the capabilities of these solvers to interfacial heat
and mass transfer, variable surface tension (e.g. Thermocapillary effects).

Future work includes extension of these capabilities to phase-change
phenomena and surfactant effects.
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