
Accepted Manuscript

Dimensionless analysis on liquid-liquid flow patterns and scaling law on slug
hydrodynamics in cross-junction microchannels

Zhen Cao, Zan Wu, Bengt Sundén

PII: S1385-8947(18)30478-9
DOI: https://doi.org/10.1016/j.cej.2018.03.119
Reference: CEJ 18726

To appear in: Chemical Engineering Journal

Received Date: 19 October 2017
Revised Date: 8 March 2018
Accepted Date: 21 March 2018

Please cite this article as: Z. Cao, Z. Wu, B. Sundén, Dimensionless analysis on liquid-liquid flow patterns and
scaling law on slug hydrodynamics in cross-junction microchannels, Chemical Engineering Journal (2018), doi:
https://doi.org/10.1016/j.cej.2018.03.119

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.cej.2018.03.119
https://doi.org/10.1016/j.cej.2018.03.119


  

1 

 

Dimensionless analysis on liquid-liquid flow patterns and scaling law on 

slug hydrodynamics in cross-junction microchannels 

Zhen Cao, Zan Wu, Bengt Sundén* 

Department of Energy Sciences, Lund University, Box 118, Lund SE-22100, Sweden 

* Corresponding author, Tel: +46-46-2228605; Fax: +46-46-2224717; E-mail: 

bengt.sunden@energy.lth.se  

 

Abstract 

Liquid-liquid flow patterns and slug hydrodynamics were experimentally studied in non-

circular glass microchannels with water-butanol, water-toluene, water-oil and water-hexane 

systems, considering various hydraulic diameters (600 µm, 400 µm, 200 µm), inlet junctions 

(crossed, T) and aspect ratios (0.5, 1). The aqueous phase was the continuous phase due to the 

hydrophilic microchannel walls and the organic phase was the dispersed phase. Three main 

flow patterns were observed, i.e., annular flow, slug flow and droplet flow. The mechanism of 

flow pattern formation was explained by a force analysis, based on which, a dimensionless 

analysis regarding Weber number and Reynolds number was performed to develop general 

flow pattern transition criteria. Additionally, slug velocities and slug length were investigated. 

A new scaling law was proposed to predict the slug length and it showed a good agreement 

with the experimental results. A linear relationship between the slug velocity and the bulk 

velocity of the two phases was obtained. 
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