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ABSTRACT 
The introduction of particles to fluid flow is considered as a source of alterations in the viscosity-based 
behavior of the macroscopic flow field. The bilateral interactions between the solid particles and the 
fluid elements would both lead to changes in effective viscosity and, thereby, the velocity field. 
Considering the nonlinear response of non-Newtonian fluids to the local shear exerted on the bulks of 
fluid, the initially quasi-uniform distribution of the particles might be subject to alteration as well, due 
to the unbalanced force distribution on the particles. The current research investigates such particle 
migrations for flows of Viscoelastic Fluids (VEFs) in a straight micro-channel with a 1×3.25 mm² 
rectangular cross-section. Aqueous solutions of Polyacrylamide polymer in concentrations of 210 and 
250 ppm have been used, where the heavy, linear, long-chain structure of the polymer introduces 
elasticity to the fluid. The rheological measurements are presented for the characterization of the 
viscoelastic behavior of the fluid samples, and the results are compared with similar flow conditions, 
however, in particle-laden glycerol flow as a Newtonian reference case. The flow measurements are 
performed using the state-of-the-art Optical Coherence Tomography (OCT) in 2D acquisition and 
doppler modes (D-OCT) to simultaneously resolve tomographic velocity field, and the transition of 
particles through the monitored cross-sections. Through the implementation of the experimental 
method in the current manuscript, the capability and convenience of using OCT for the problem at 
hand are demonstrated, as the abovementioned obtained data were to be equivalently captured by 
simultaneous use of Particle Image Velocimetry (PIV), for the ambient medium velocity field, and 
Lagrangian Particle Tracking (LPT) schemes, for identification and tracking the position of the 
particles. The velocity field is obtained with the spatial resolution of 2.58 µm in the depth direction, 
and through sub-pixel image processing, highly accurate positioning of the particles is realized. The 
experimental results are then used for statistical calculations, such as the Probability Distribution 
Function (PDF) of the cross-sectional map of the space frequented by the particles to explain the 
underlying physics.       

   

INTRODUCTION 

The interplay of viscous and elastic effects in duct flows of Viscoelastic Fluids (VEFs) results 
in distinct distribution of rigid particles compared to the Newtonian flow fields1. Parameter 
studies show sub-regimes for the dynamics of particle migrations based on flow/fluid 
geometry and properties2. The shear thinning effects render the field uneven in terms of local 
viscosity distribution as a damping force for inertial dynamics. On the other hand, elastic 
forces rooted from the fluid molecular structures introduce unbalanced distribution on the 
particle peripheries. In highly elastic flows of low inertial conditions, a particle focusing along 
the channel centreline occurs as the elasticity leads to the migration of particles towards the 
duct axis, whereas the shear thinning alongside the presence of secondary flows move the 
particles away from the centreline. The equilibrium, therefore, determines the eventual 
positioning of the particles3.  
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From a methodological viewpoint, Optical Coherence Tomography has shown great 
capability in a flow field and tomographic measurements in a range of flow conditions. Near-
wall errors associated with methods such as LDV and HWA4 do not exist in OCT. There is no 
dependence to faithful tracer particles, and thereby particle concentration issues PIV and PTV 
deal with in high shear regions, such as near-wall5, are not crucial in OCT. The Doppler OCT 
(D-OCT) not only work better, but also requires, a certain level of opaqueness in the media 
under measurement. This makes it a perfectly compatible measurement technique for non-
Newtonian fluids which are mostly opaque6. And finally, as the illumination source is a 
continuous coherent light beam, there is no synchronization issues between the light source 
and image acquisition system, and also the ambient light noise level is second to none.  

 

FLUID PREPARATION AND RHEOLOGY 



METHODOLOGY

As the measurement device a Spectral Domain Optical Coherence Tomography (SD-
OCT) Telesto II of Thorlabs has been used. The Doppler OCT (D-OCT) is the main recording 
mode for the current study. However, for particle-laden cases all fluids have been used in their 
natural state without any means of contrast. Therefore, the OCT beam does not record any 
velocity for the flow, other than the points/instances, where a particle crosses the plane of 
measurement. The intensity field captured through OCT has then been used for particle 
identification through image processing algorithms. 



Table 1. Case descriptions, fluid properties and flow conditions. 
Volumetric Flow Rate 

[ml/min] 
0.4 5 10 20 

Bulk Velocity [mm/s] 2.05 25.64 51.28 102.56 

Concentration 
Relaxation 

Time 
Viscosity Wi Re El Viscosity Wi Re El Viscosity Wi Re El Viscosity Wi Re El 

[ppm] [s] [Pa.s] [-] [-] [-] [Pa.s] [-] [-] [-] [Pa.s] [-] [-] [-] [Pa.s] [-] [-] [-] 

Glycerol 20% 0.00 2.08E-03 0.00 0.52 0.00 2.08E-03 0.00 6.47 0.00 2.08E-03 0.00 12.94 0.00 2.08E-03 0.00 25.89 0.00 

PAA 210 0.17 3.20E-03 0.70 0.32 2.18 2.80E-03 8.72 4.58 1.90 2.55E-03 17.44 10.56 1.65 2.40E-03 34.87 22.44 1.55 

PAA 250 0.35 3.60E-03 1.44 0.28 5.04 3.00E-03 17.95 4.27 4.20 2.75E-03 35.90 9.79 3.67 2.35E-03 71.79 22.91 3.13 

The results presented in this section are in accordance with the case juxtapositions summarized 
in Table 1. Two concentrations of Polyacrylamide, i.e. 210 and 250 ppm, have been used as 
the purely viscoelastic fluid. For velocity field recordings of the Newtonian fluids through 2D 
B-scan D-OCT, milk has been used for its adequate contrast and scattering behavior. For 
Newtonian cases, however in the particle-laden measurements, where the invisibility of the 
medium fluid to the D-OCT has been a prerequisite, Glycerol 20% has been used 
substitutively.  





 





CONCLUSIONS 
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