
Accepted Manuscript

Title: Flow induced on a salt waterbody due to the
impingement of a freshwater drop or a water source

Authors: Islam Benouaguef, Edison Amah, Naga Musunuri,
Denis Blackmore, Ian S. Fischer, Pushpendra Singh

PII: S0093-6413(17)30397-X
DOI: http://dx.doi.org/10.1016/j.mechrescom.2017.08.004
Reference: MRC 3205

To appear in:

Received date: 26-7-2017
Revised date: 9-8-2017
Accepted date: 11-8-2017

Please cite this article as: Benouaguef, Islam, Amah, Edison, Musunuri, Naga,
Blackmore, Denis, Fischer, Ian S., Singh, Pushpendra, Flow induced on a salt waterbody
due to the impingement of a freshwater drop or a water source.Mechanics Research
Communications http://dx.doi.org/10.1016/j.mechrescom.2017.08.004

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.mechrescom.2017.08.004
http://dx.doi.org/10.1016/j.mechrescom.2017.08.004


 

Mechanics Research Communications. 
2017 

Publication Office:  

Elsevier UK  
 

Editor-in-Chief: A. Rosato   New Jersey Institute of Technology, Newark, New Jersey,  
USA Anthony.Rosato@njit.edu  

 

 

 

 

0093-6413© 2015 The Authors. Published by Elsevier Ltd. 

Flow induced on a salt waterbody  
due to the impingement of a freshwater drop or a water source 

Islam Benouaguef1, Edison Amah1, Naga Musunuri1, Denis Blackmore2, Ian S. Fischer1,  

and Pushpendra Singh1* 

1Department of Mechanical and Industrial Engineering, New Jersey Institute of Technology, 200 Central Avenue, Newark, New Jersey, USA 
2Department of Mathematical Sciences, New Jersey Institute of Technology, Newark, New Jersey, USA 

 *singhp@njit.edu 

Tel.:+973-596-3326; fax: +973-642-4282 

Accepted:  

 

Highlights: 

 The paper experimentally and theoretically studies the physics of solutocapillary flow which arises when a 

fresh water drop impinges on a saltwater body. It is shown that when a freshwater drop impacts a saltwater 

body there is a dramatically strong flow on the surface which extends over an area that is several orders of 

magnitude larger than the impact area itself. The flow arises because when the drop mixes with saltwater the 

local salt concentration is reduced which gives rise to a surface tension gradient as the surface tension decreases 

with decreasing salt concentration. The presence of salt fundamentally therefore changes the characteristics of 

the flow that arises due to the impact of drops, and this in turn alters the state of mixing at the air-water interface. 

 

 The results presented are of broad interest as they model the transport of sparingly soluble gases across air-

water interface which is of fundamental importance for a range of natural processes as it regulates 

concentrations of various constituents of the biogeochemical cycle. We are looking forward to hear from you. 

Thank you very much. 

 

 
 

Abstract 

The particle image velocimetry (PIV) and planar laser-induced fluorescence (PLIF) techniques are used to study the flow induced on the 

surface of a body of saltwater when a drop impinges on its surface or when a source is present on the surface. The measurements show that the 

impingement of a fresh water drop causes a strong axisymmetric solutocapillary flow about the vertical line passing through the center of impact. 

The fluid directly below the center of impact rises upward, and near the surface it moves away from the center of impact. The flow, which 

develops within a fraction of second after the impact, persists for several seconds. In comparison, when a freshwater drop falls on a body of 

freshwater, the flow induced on the surface is much weaker and persists for a relatively shorter duration of time and the volume of water circulated 

is two orders of magnitude smaller. Similarly, when a fresh water source is present on a body of saltwater there is a solutocapillary flow which 

on the surface is away from the source and below the surface is towards the source.  
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