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Abstract 
We numerically study multiple droplet impingements. The numerical method consists of a CLSVOF (coupled 
level set and volume-of-fluid) framework, CIP-CSL (constraint interpolation profile-Conservative Semi-
Lagrange) method, VSIAM3 (volume/surface integrated average based multi-moment method) and a CSF (con-
tinuum surface force) model. The numerical framework can robustly simulate multiple droplet impingements. 

Introduction 
 Spray impingement on solid surfaces are of importance for many industrial processes: direct fuel injection 

in Diesel engines, gas turbines, spray cooling of steel sheets, spray coating, spray painting and agricultural 
sprays [1]. Many experimental and theoretical studies have concentrated on single drop impacts. Prevailing 
models extrapolate the results of single droplet impact onto dry rigid walls to the case of spray-wall interaction 
by a superposition of many individual droplets. However, recent research has shown that this limited approach 
neglects several important interactive effects such as the influence of deposited film on secondary spray; the ef-
fect of film fluctuation on impacting droplets; the effect of multiple droplet interactions as well as the interaction 
of splash crowns and jets with other impacting drops. Therefore, the interaction of multiple drop impacts has to 
be considered when considering spray impingement.  

Materials and Methods 
 This paper studies the problem of multiple droplet impingements using an accurate and efficient numerical 

method [2]. The numerical method consists of a CLSVOF (coupled level set and volume-of-fluid) framework [3], 
CIP-CSL (constraint interpolation profile-Conservative Semi-Lagrange) method [4], VSIAM3 (volume/surface 
integrated average based multi-moment method) [5] and a CSF (continuum surface force) model [6]. The nu-
merical simulation reproduces experimentally observed droplet depositions quantitatively, in both the spreading 
and receding phases [7]. The numerical method also has capability to simulate multiple droplet impacts as well 
as splashes without any special treatment.  

Results and Discussion 
We conducted a numerical simulation of five droplets impact onto a dry surface as shown in Fig. 1. The liq-

uid was distilled water. The initial height of each droplet is different. The numerical formulation can robustly 
simulate multiple droplets impact onto a dry surface and capture lamella structures among impacting droplets. 
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Fig.1: Snapshots of five droplets impacting. The time difference between snapshots is 0.2 [ms]. 
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