
Accepted Manuscript

Three-dimensional simulation of droplet dynamics in planar contraction micro-
channel

Van Thanh Hoang, Jiseok Lim, Chan Byon, Jang Min Park

PII: S0009-2509(17)30639-5
DOI: https://doi.org/10.1016/j.ces.2017.10.020
Reference: CES 13852

To appear in: Chemical Engineering Science

Received Date: 26 July 2017
Revised Date: 30 September 2017
Accepted Date: 19 October 2017

Please cite this article as: V. Thanh Hoang, J. Lim, C. Byon, J. Min Park, Three-dimensional simulation of droplet
dynamics in planar contraction microchannel, Chemical Engineering Science (2017), doi: https://doi.org/10.1016/
j.ces.2017.10.020

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.

https://doi.org/10.1016/j.ces.2017.10.020
https://doi.org/10.1016/j.ces.2017.10.020
https://doi.org/10.1016/j.ces.2017.10.020


  

Three-dimensional simulation of droplet dynamics in planar contraction 

microchannel
 

Van Thanh Hoang
a,b

, Jiseok Lim
a,#

, Chan Byon
c
, Jang Min Park

a,
*

 

aSchool of Mechanical Engineering, Yeungnam University, Dahak-ro 280, Gyeongsan 38541, 

Republic of Korea 

bDepartment of Mechanical Engineering, The University of Danang - University of Science and 

Technology, 54, Nguyen Luong Bang Street, Danang, Vietnam 

cSchool of Mechanical, Aerospace and Nuclear Engineering, Ulsan National Institute of Science and 

Technology, UNIST-gil 50, Ulsan 44919, Republic of Korea 

Abstract 

In droplet-based microfluidic systems, microchannel design plays a primary role in 

transport and manipulation of liquid droplets. The objective of this paper is to investigate 

dynamics of a droplet in planar contraction microchannel via three-dimensional numerical 

simulation and theoretical analysis. In particular, this study characterizes three regimes of 

the droplet dynamics, namely, trap, squeeze and breakup, depending on capillary number 

(Ca) and contraction ratio (C). In addition, theoretical models have been proposed to 

describe transitions from one to another regime as a function of Ca and C. For the transition 

from trap to squeeze, the critical capillary number (CaIc) was found to follow CaIc = a(C
M

-

1), whereas the critical capillary number (CaIIc) of transition from squeeze to breakup 

corresponds to CaIIc = c1C
-1

. Furthermore, details of the droplet dynamics along 
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