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Introduction 

During the reporting period three classes of phenomena were investigated, 

namely: (1) The dynamics of binary droplet collision, especially on the criterion for the 

breaking of the inter-droplet surfaces which enables droplet merging. The role of the van 

der Waals force in surface attraction was simulated. (2) The dynamics of droplet-film 

collision, especially on the influence of the film thickness in effecting droplet bouncing 

versus absorption, which is facilitated when the film thickness is comparable to the 

droplet diameter. (3) The dynamics of droplet-droplet collision of dissimilar liquids, 

showing that the initiation of droplet internal superheating and hence microexplosion can 

be greatly facilitated by the presence of air bubbles entrained upon coalescence of the 

colliding droplets. 

1. Dynamics of Binary Droplet Collision 

Our previous studies on binary droplet collision revealed a non-monotonic outcome in 

terms of merging and bouncing as the collision intensity is varied. Phenomenologically, 

the propensity for bouncing or merging is a consequence of the readiness with which the 

gaseous mass in the inter-droplet gap can be squeezed out of the gap by the colliding 

interfaces such that they can make contact at the molecular level, leading to their 

destruction and thereby resulting in merging. 

The lack of a clear criterion on the instant of surface rupture has however caused 

considerable uncertainty in the computational simulation of the collision event and 

consequently understanding of the collision and merging dynamics. The present study 

was motivated by our experimental observation that the occurrence and instant of 

merging could be identified through a distinct change in the cuspy contour of the imaged 

interface, and the recognition that such an instant could be time resolved with sufficient 

accuracy such that, by using it as an input to the computational simulation based on 

continuum mechanics, the evolution of the experimental collision images subsequent to 

merging could be satisfactorily simulated. 



Having established the adequacy of this empirically enabled computational 

simulation approach, we further studied the various issues related to the merging and 

bouncing aspects of the collision dynamics, including the energy budget, the flow field 

characteristics, and evolution of the geometry and dynamics of the inter-droplet gap, with 

emphasis on the transition between bouncing and merging regimes, and the differences 

between soft and hard collisions. The possible role of the van der Waals force in 

effecting merging was investigated, and the potential importance of compressibility and 

rarified gas effects for a complete description of the merging dynamics identified. 

This work is reported in Publications [1,2]. 

2. Dynamics of Droplet-Film Collision 

In addition to droplet-droplet collision, droplet-surface collision is also of practical 

importance in the performance of spray-fueled combustors. Extensive experiments were 

conducted for the impingement of tetradecane droplets onto a surface wetted by the same 

fluid. Results showed that the collision outcome depends sensitively on two parameters, 

namely the film thickness relative to the droplet radius, and the impact inertia 

characterized by the droplet Weber number. It was found that bouncing and coalescence 

are respectively favored for small and large We, which is reasonable. Furthermore, there 

exists a range in We over which merging is favored when the film thickness is of the 

order of the droplet diameter. The merging mechanism based on simulation appears to be 

different in this regime than in either the thin film or the deep pool regimes. Extensive 

experimentation is being performed to verify this conjecture. 

This work is reported in Ref. [3]. 

3. Micro-explosion of Collision-generated Droplets 

Our studies on binary droplet collision has yielded an unexpected phenomenon that 

could have significant implications in understanding and optimizing spray combustion, 

namely the occurrence of mico-explosion of droplets of multicomponet fuels. To 

appreciate the relation between droplet collision and micro-explosion, we first note that it 

is well established that multicomponent droplet could undergo microexplosion when the 

volatile components diffusionally trapped within the droplet interior could become 



superheated and homogeneously nucleate. Furthermore, when two colliding droplets 

merge, an air bubble is trapped inside the merged mass. It is then quite reasonable to 

anticipate that this trapped bubble could facilitate the nucleation of the superheated 

liquid. 

Two projects were undertaken to explore the phenomenon of collision-facilitated 

micro-explosion. The first project involved the collision between two droplets of high 

and low volatilities, respectively, such as heptane and hexadecane. Results conclusively 

demonstrated that while droplets of such a bi-component fuel do not micro-explode, they 

readily undergo micro-explosion when they were produced through collision. The second 

project involved the collision between an oil droplet and a water droplet. Because of the 

immiscible nature of water and oil, it was found that upon collision the water is usually 

embedded within hexadecane. Thus upon complete gasification of hexadecane which has 

a higher boiling point, the superheated water is exposed to the gaseous environment and 

flash vaporizes. In both cases the droplet lifetime is substantially reduced. 

These works are respectively published in Refs. [4, 5]. 
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