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Abstract 

Adaptive mesh refinement (AMR) has been introduced as an attractive means of significantly improving com-

putational efficiency for a variety of two-phase flow problems. In the current study, the benefits of AMR are 

investigated for the case of liquid jet atomization. The evaluation consists of a systematic analysis of results 

from the interDymFoam (AMR octree) and interFoam (static octree) codes, both of which form part of the 

family of solvers distributed within the open source OpenFOAM C++ Toolbox. The two-phase flow treatment is 

based on an algebraic VoF methodology. As a preliminary set of exercises, cases for pure advection, stationary 

wave dynamics, and Rayleigh-Plateau breakup of a cylindrical liquid element are considered. The results from 

these exercises confirm the expected trend of higher numerical efficiency in AMR, while still retaining essen-

tially the same level of accuracy as the fixed embedded mesh solutions. However, for the liquid jet atomization, 

the behavior is a bit more complicated. First, at lower levels of Weber number, we observe a similar trend as the 

preliminary exercises. At higher Weber numbers, due to a noticeable increase in interfacial area density, sub-

stantial inhomogeneities are formed in the underlying grids yielding slower solutions of pressure Poisson equa-

tion, thereby potentially offsetting the benefits of this approach. In fact, at much higher Weber numbers, for in-

stance, those pertaining to Diesel injection, the results suggest that a fixed embedded mesh would provide better 

computational efficiency. However, this conclusion depends on the target lowest level of numerical resolution, 

Δxmin. The current work shows how the efficiency of AMR suffers from increasing interfacial area density, and 

how this can be alleviated via a decrease in Δxmin. Various test cases are presented to illustrate this effect.  
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1. Introduction  

   Adaptive mesh refinement (AMR) was introduced by Berger and Oliger [1] and Berger and Colella [2] as a 

means of dynamically allocating a high level of numerical fidelity in areas requiring it. A common way to achieve 

this is to dynamically reduce the grid spacing, Δx, in these regions of high-fidelity demand, which can be identified 

through the use an AMR cost function. One of the cost functions used in the early AMR work is the local trunca-

tion error [1][2] based on Richardson extrapolation method. For two-phase problems, the interface is the most 

obvious choice for the cost function, since it is the location where the highest level of resolution is needed. For 

instance, in the work of Theodorakakos and Bergeles [3], the tagging of an interface is characterized by having 

the liquid fraction 𝛼	between 0.2 and 0.8. In the work of Malik et al. [4], the tagging is instead executed where 

the normalized curvature, the product of curvature and the cell size, is below 0.2 [5]. Common standard problems 

that are employed in 2-phase flow investigations to gauge the degree of AMR acceleration include rotation of 

Zalesak sphere [6][7], droplet deformation in the 3D vortical flow [6][8], Rayleigh–Taylor instability [9][10], and 

the secondary breakup of a droplet [11]-[14]. Among these, the works of Laurmaa et al. [7] and Zuzio and Esti-

valezes [9] further demonstrate that the smaller the value of the minimum grid size, Δxmin, the better speedup 

benefit AMR would attain. 

   Considering the case of spray formation and liquid jet atomization, Fuster et al. [5] reported that by using 

AMR, a 50% reduction of total cell count could lead to a 38% saving of total CPU time. Within the Lagrangian-

Eulerian spray modeling approach, a common procedure for modeling sprays, the work by Tonini et al. [15] 

showed that the use of AMR could save 13%-29% of CPU time with a minimum mesh size of 0.15 mm. The paper 

by Xue and Kong [16] reported that a computational savings of up to 67% and 79%, for hollow-cone and solid-

cone sprays, could be achieved. A potential issue with AMR may be its poor scaling. As indicated by Li and 

Soteriou [17], the scalability of AMR was worse than that of fixed embedded mesh in terms of the deviation from 

the ideal strong scaling slope. This finding motivates a closer look at the AMR benefits for spray problems. 

   In the present work, the advantage envisioned by AMR is examined for the atomization and spray formation 

problem. Due to significantly more pronounced interfacial area changes as opposed to the milder two-phase flow 

problems [6]-[14], it is shown that AMR does not consistently show an improvement over a well-designed static 

mesh with an embedded high-resolution region. The reasons for this performance are examined leading to the 

definition of a metric, which is shown to indicate when AMR improvements are, and are not, to be expected. 

Reasons for this lack of performance are also briefly discussed.  
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6. Conclusion 

   In this study, an evaluation of the benefits of AMR for simulations concerning liquid jet atomization is pro-

vided. Beginning with canonical or standard two-phase problems, our findings agree with the literature, i.e. AMR 

offers attractive speedups. However, in the case of atomization, the results show that the AMR performance be-

comes significantly poor, even worse than a well-designed fixed mesh, once atomization has developed and as 

the Weber number increases. A key metric used to determine when we expect to achieve good results is provided, 

namely Ω� Ω = 𝜌�𝐾U∆x�. Good performance is expected for values of this metric that are well below one, and 

conversely as this ratio grows, AMR performance suffers. This metric indicates that systematic reductions in ∆x�, 

lead to the continued strong performance by AMR. Unfortunately, since ∆x�, is inherently linked to the time step 

size through the CFL restriction, this continued reduction in interfacial grid spacing will at some point stop being 

practical in realistic spray configurations.  
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