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Multiphase flows are found in several industrial processes encompassing power generation, pharmaceutical and chemical industry and agriculture. The production of chemical goods worth billions of dollars and the generation of several hundred trillion Joules of primary energy depend on the safe and efficient handling of multiphase flows. Hence, their control and accurate numerical prediction are of paramount importance for the development of future-generation high-efficiency cost-effective engineering devices.



Key challenges associated with the modelling of such flows include their multiphysics and multiscale nature involving interactions of turbulence, interface physics, phase change and chemical reactions on temporal and spatial scales spanning several orders of magnitude. In the last two decades, progress in numerical methods and computing power allowed the impressive direct numerical simulations (DNS) of multiphase flows which considerably improved our physical understanding of such flows. However, as DNS are limited to academic configurations in the foreseeable future, the development of next-generation models for large-scale or averaged multiphase flows is an important challenge.



The Special Issue “Modelling of Reactive and Non-Reactive Multiphase Flows” collects 11 papers covering a broad range of topics dealing with applications of non-reactive [1,2,3,4,5,6] and reactive [7,8,9,10,11] multiphase flows in natural environment as well as technical applications. The contributions address important numerical and modelling issues, which not only cover fundamental physics but also address the aspect of application.



The characterization of the fall speeds of raindrops is the main topic in Ren et al. [1]. For the first time, computations of droplets in turbulent surroundings are conducted with a DNS code based on a volume of the fluid method, and results for the drop surface deformation and its internal circulation are reported. It has been found that the terminal velocity decreases in turbulent flows which has been explained by a shortening of the wake recirculation region. Further, the turbulent surroundings trigger substantial rises in the drop axis ratio amplitude and a slight increase in the drop oscillation frequency.



Although many processes of practical interest can be considered as two-phase flows with Newtonian behavior in both phases, there are several relevant applications where the continuous liquid phase exhibits non-Newtonian flow characteristics. Its influence on the flow statistics of a turbulent bubble-laden downflow in a vertical channel was investigated in Bräuer et al. [2], where a DNS study was conducted for power-law fluids with a range of power-law indexes. The resulting first- and second-order fluid statistics, i.e., the gas fraction, mean velocity and velocity fluctuation profiles across the channel, show clear trends in reply to varying power-law indexes. In addition, it was observed that bubble oscillations increase with decreasing power-law index.



Horizontal two-phase flows are common in nature, such as the movement of water droplets in the air or the formation of waves on water surfaces, but they also occur in industrial processes, for example, in wave-like flows in pressurized water reactors. Their modelling and experimental characterization have been addressed by Höhne et al. [3] and Carraretto et al. [4]. The modelling [3] has been performed within the two-fluid Euler–Euler approach. A modified formulation of the morphology detection functions within the algebraic interfacial area density model has been presented in combination with different models for the drag force acting on a sheared gas–liquid interface. The transient simulations of the WENKA counter-current stratified two-phase flow experiment were performed for validation. The prediction of the correct flow pattern as observed in the experiment improved dramatically, when a turbulence damping term was included in the standard two-equation models. The experimental characterization of stratified air–water flows is presented in [4]. The pressure gradient along the pipeline was determined together with the void fraction. None of the existing models is able to predict both quantities throughout the range of operating conditions. Eventually, with both the measured pressure gradient and the void fraction, a two-fluid model was implemented in order to determine the interfacial shear stress and to compare the outcome with the literature.



Hydrodynamic cavitation occurs in many engineering applications, ranging from fast-running ship propellers to artificial heart valves, where it is associated with detrimental effects. However, acoustic cavitation was found to be useful for ultrasonic cleaning, for medical imaging or in the context of micropumps [5]. To study the physics in detail, a fully coupled pressure-based algorithm and finite-volume framework for the simulation of the acoustic cavitation of bubbles in polytropic gas–liquid systems has been proposed and extensively validated by Denner et al. [5].



The description of a sharp interface with its associated numerical difficulties is common to many two-phase flow simulation problems. A new compressible framework within OpenFOAM, which incorporates mitigation strategies for the well-known issue of spurious currents, has been presented by Tretola and Vogiatzaki [6]. The framework incorporates the compressible algebraic volume of fluid method with additional interfacial treatment techniques including volume fraction smoothing and sharpening (for the calculation of the interface geometries and surface tension force, respectively) as well as the filtering of capillary forces and has been tested against different benchmarks.



The work of Gärtner et al. [7] represents the transition from non-reactive to reactive multiphase flows. During certain operating conditions in spark-ignited direct injection engines, the injected fuel is superheated and begins to rapidly vaporize. Fast vaporization can be beneficial for fuel–oxidizer mixing and subsequent combustion, but it poses the risk of spray collapse, which has been numerically investigated for a single-hole injector and an eight-hole injector. The numerical results match well with experimental data in terms of the spray structures and support the assumption that the interaction of shocks due to the under expanded vapor jet causes spray collapse.



Fundamental aspects of spray flame interaction have been analysed by Ozel-Erol and Chakraborty [8]. Three-dimensional carrier phase DNS of V-shaped n-heptane spray flames have been performed for different initially mono-sized droplet diameters to investigate the influence of the mean flow velocity on the burning rate and the flame structure. The following conclusions have been drawn: (1) the extent of flame wrinkling for droplet cases is greater than that of the corresponding gaseous premixed flames due to the flame–droplet interaction; (2) the major part of the heat release arises due to the premixed mode of combustion; and (3) the mean value of consumption speed diminishes with increasing droplet diameters. The residence time of the droplets within the flame decreases with increasing mean inflow velocity, and the droplets can survive for larger axial distances before the completion of their evaporation, which leads to greater extents of the flame–droplet interaction.



Dressler et al. [9] studied the Sydney diluted spray burner by performing large eddy simulation in combination with the Eulerian stochastic fields (ESFs) method together with a tabulated chemistry approach. The spray is treated using a two-way coupled Eulerian–Lagrangian procedure. Comparisons with the artificially thickened flame (ATF) approach indicate that the ESF results better describe the flame entrainment into the cold spray core of the flame. Further, the dynamics of the subgrid scalar contributions were investigated, and the reconstructed probability density distributions were compared to common presumed shapes qualitatively and quantitatively in the context of spray combustion. It is demonstrated that the ESF method can be a valuable tool to evaluate approaches relying on the pre-integration of the thermochemical lookup table.



Emissions of CO2 as well as NOX and soot during the combustion in power generation processes must be reduced to comply with stricter legal regulations, which requires the development of new combustion technologies such as the moderate or intense low-oxygen dilution (MILD) combustion [10]. To this end, the structures of both gaseous and liquid ethanol flames in different oxidizing gas environments in the axisymmetric counterflow configuration at atmospheric pressure were studied by Norena and Gutheil [10]. It was confirmed that ethanol spray flames in air show two reaction zones at low strain whereas the lean ethanol spray flames in pure oxygen exhibit a single-reaction zone in all situations studied. An analysis regarding the addition of CO2 in both the ethanol/oxygen gas and spray flames was also discussed, and it was found that the CO2 dilution of the carrier gas spray is much more efficient than diluting the opposed gas stream in the counterflow configuration for the generation of MILD combustion conditions in oxy-fuel flames.



Finally, the technology of particle synthesis in spray flames has been addressed by Wollny et al. [11]. Platinum-decorated alumina particles have the potential to be a highly effective catalyst. The particles are synthesized from platinum(II) acetylacetonate dissolved in a mixture of isopropanol and acetic acid with dispersed alumina carriers. The process is simulated by means of large eddy simulation with reaction kinetics and aerosol dynamics modeling. A two-mixture-fraction approach to tabulated chemistry with a thickened flame model was used to consider the complex reaction kinetics of the solvent spray combustion combined with an extended model for aerosol dynamics, capable of predicting the deposition rate and the surface particle growth. The ratio of deposited platinum on the alumina carrier particles and the mean diameters of the deposited particles are in good agreement with the experimental observation.
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