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Fractionation of particles according to their size and shape is one 

of the most common process steps in particle engineering. 

Requirements for the process often include (i) narrow size and/or 

shape distribution of the product, (ii) sharp fractionation, as well as 

(iii) low initial and operational costs. With no internals or rotating 

parts and comparable low pressure drop, hydrodynamic 

fractionation methods, such as separation in coiled channels, 

represent a suitable choice. The applicability of coiled channels for 

size and shape based fractionation of particles is documented in 

experiments [1,2]. However, coiled channels are also known for 

their application in mixing processes [3]. Explanation on the 

mechanism causing particle separation rather than mixing is yet not 

throughout given in literature. Thus, a deeper mechanistically 

understanding is needed. Such will also benefit and foster a broader 

application to particle separation processes. 

In this work, we will present some new understanding of the 

separation mechanism in case of suspension flow through coiled 

channels. Our work is based on both numerical and experimental 

results, in which we focus on the analysis of secondary motion in 

the channels cross section. Also, we will present results of our 

studies for (i) shape based separation of flexible fibres, and (ii) size 

based separation of spherical particles. 

 

Methods 
 

Numerical studies were performed using homebrew versions of 

OpenFOAM® and CFDEM®coupling [4,5] for simulating flow in 

toroidal coiled channels. Specifically, direct numerical simulation 

(DNS) was performed for simulating the fluid flow using an 

appropriate spatio-temporal resolution. Particles where placed in 

the established flow field and coupled one-way to the fluid. 

Complementary experiments on shape-dependent particle 

separation were performed with a helically coiled channel with 

circular cross section. Mixtures of cellulose fibres with an aspect 

ratio of up to 160 where used. 

 

Results 
 

In coiled fluid flow, centrifugal forces acting on the fluid lead to 

a pressure difference between the outer bent and the inner bent. 

Fluid motion in the cross section arises, which overlays the main 

flow in channel direction, i.e., a Dean flow-like behavior develops. 

Fluid motion is from the outer bent to the inner bent along the 

channel wall, and from the inner bent to the outer bent in the 

channel center. Vortices form within the cross section. Interestingly, 

the shape of the secondary motion and the position of the vortices 

is found to depend on the channel shape. Additionally, the velocity 

maximum in channel direction is deflected to the outer bent and not 

at the channel center as expected for Poiseuille flow. 

For a circular cross section, i.e., typical for tubes or pipes, 

vortices form at the inner bent where the secondary motion changes 

its direction from outer-to-inner to inner-to-outer. Those assist in 

cross sectional mixing of particles suspended in the fluid. 

Depending on the ratio between lift force induced by the secondary 

motion and gravitation acting on the particle we find (i) 

homogeneously-distribute particles, (ii) sedimentation to the 

channel bottom, or (iii) particle clustering in distinct orbits. 

Spherical particles would separate in channel direction if certain 

fractions of the sample accumulate in regions with slower fluid 

speed, i.e., settle to the bottom. Elongated flexible particles, such as 

cellulose fibres, however, are found to leave the channel depending 

on their size, i.e., the longest particles exit first. The reason is, that 

mixing induced by the secondary motion promotes flocculation of 

longer fibres. These flocculated fibres then behave similar as a 

single larger particle. Shorter fibres, however, are unable to 

flocculate, and thus exit the tube at later times. 

For rectangular cross section vortices form at the inner bent as 

well. For higher channel aspect ratio an area of slow secondary 

motion at the inner bent was identified. Increasing the channel 

height of the outer bent, thus having a trapezoidally-shaped cross 

section, suppresses vortex formation at the inner bent and favors 

formation of a vortex near the outer bent. For those channel 

configurations, separation of particles according to their size is 

found within the cross section.  

In summary, our work demonstrates that sized-based 

fractionation can be achieved even in simple coiled channels. 

Particle equilibrium positions depend on operational parameters 

such as the Reynolds number, and design parameters like the 

channel geometry. This understanding lays the foundation for a 

future commercial exploitation of these phenomena in extremely 

low-energy separation devices.  
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