
Accepted Manuscript

Hydrodynamics within Flooded Hydrocyclones during Excursion in the Feed

Rate: Understanding of Turndown Ratio

Abdul Motin, Volodymyr V. Tarabara, Charles A. Petty, André Bénard

PII: S1383-5866(16)30717-1

DOI: http://dx.doi.org/10.1016/j.seppur.2017.05.015

Reference: SEPPUR 13728

To appear in: Separation and Purification Technology

Received Date: 13 June 2016

Revised Date: 2 May 2017

Accepted Date: 5 May 2017

Please cite this article as: A. Motin, V.V. Tarabara, C.A. Petty, A. Bénard, Hydrodynamics within Flooded

Hydrocyclones during Excursion in the Feed Rate: Understanding of Turndown Ratio, Separation and Purification

Technology (2017), doi: http://dx.doi.org/10.1016/j.seppur.2017.05.015

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.seppur.2017.05.015
http://dx.doi.org/10.1016/j.seppur.2017.05.015


  

*Corresponding Author: Email: motinme@gmail.com (Abdul Motin), Phone: +1-517-918-1057 

Hydrodynamics within Flooded Hydrocyclones during Excursion in the Feed Rate: 

Understanding of Turndown Ratio 

 

Abdul Motin
a*

; Volodymyr V. Tarabara
b
; Charles A. Petty

c
; André Bénard

a
 

 
a
Department of Mechanical Engineering; 

b
Department of Civil and Environmental 

Engineering; 
c
Department of Chemical Engineering and Material Science, 

Michigan State University, East Lansing, MI 48824, USA 

 

Abstract 

The underflow purity coefficient of a de-oiling hydrocyclone operating at a fixed 

split ratio is limited by the existence of a finite turndown ratio during excursion in the 

feed rate. The purpose of this paper is to use advanced computational fluid dynamic 

methods to identify a hydrodynamic reason for this phenomenon. The results of the 

simulation show that as the feed Reynolds number increases beyond a critical value, a 

redistribution of the angular momentum within the hydrocyclone decreases the distance 

of the zero axial gradient of radial pressure gradient,                   , from the 

vortex finder, which thereby shortens the length of reverse flow core. The breakdown of 

reverse flow core at a high feed Reynolds number causes a catastrophic drop in the 

separation efficiency and possesses a finite turndown ratio. This insight offers guidance 

on how to maintain separation performance during an excursion in the feed rate.  
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1. Introduction 

The hydrocyclone separator was invented by Bretney in 1891 [1]. By 1970, 

hydrocyclones were available for thickening solid suspensions, for cleaning pulp 

suspensions, degassing liquids, separating immiscible liquids, and classifying solids 

based on size, shape and density differences  (see, esp., Bradley, 1965 [2]; Svarovsky and 

Thew, 1992 [3]; and Rietema and Verver, 1961 [4]). During the 1970s, Thew and his 

team at the University of Southampton developed a class of de-oiling hydrocyclones for 

cleaning produced water prior to its discharge into the ocean [5, 6]. Unlike many other 

hydrocyclones, liquid/liquid separation hydrocyclones must operate without an air core in 

order to avoid the formation of an emulsion [7]. This constraint is related to the finite 

turndown ratio, max[QF]/min[QF] of flooded hydrocyclones. The separation efficiency, 

  , is given by 
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