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Abstract

The current study analyzes the dynamics of the mixing
flow of two viscoelastic fluids in a novel T-Y micromixer.
An aqueous solution with 10% polyethylene glycol with a
molecular weight of 8000 and 0.1% polyethylene oxide
with a molecular weight of 2000000, which is a Boger
fluid, is selected as a viscoelastic fluid. Using the
COMSOL Multiphysics software, the mixing of two
viscoelastic fluids will be investigated numerically using
the Oldroyd-B constitutive equation. The effect of the inlet
velocity, ratio of inlet velocities, and Weissenberg number
on mixing efficiency and pressure drop will be presented.
The results show that the elastic effect in viscoelastic fluid
flow is the main factor in increasing mixing index. At a
distance of 2800 um from the beginning of the main
channel, the mixing index reaches from about 46% for the
inlet velocity of 0.002 m/s to about 38% for the inlet
velocity of 0.006 m/s. With the increase of the
Weissenberg number, the mixing index is increased in
different cross-sections of the microchannel, because the
instability of the viscoelastic fluid is enhanced at higher
Weissenberg numbers. Also, it is demonstrated that the
mixing index is reduced by decreasing the velocity ratio.
Pressure drop is augmented with velocity, Weissenberg
number, and velocity ratio.

Keywords: Microfluidics, T-Y micromixer, Viscoelastic
fluid, Weissenberg number, Mixing index.

1. Introduction

Micromixers are widely used in medicine, chemical
industry, drug delivery, chemical processes, such as
biodiesel production, as well as in the investigation of
disease-causing factors, genetic structure, isolation and
diagnosis of cells, and synthesis of organic substances.
Micromixers are divided into two groups of active and
passive ones. In passive micromixers, mixing is done by
the interaction of the flow with different structures, such
as curved channels, zigzag, etc., without applying any
external energy. In active micromixers, mixing is
performed by external actuators, such as electric field,

magnetic field, etc. Cortes-Quiroz et al. numerically
assessed mixing in a three-dimensional T-shaped
micromixer at Re = 100-500. This study showed that the
3D micromixer provides a significant increase in mixing
and a lower pressure drop compared to a conventional T-
shaped micromixer over the entire range of Reynolds
numbers. Ansari et al. examined mixing in a microchannel
with asymmetric subchannels for Re = 1-80 and found that
rhomboid subchannels have higher mixing efficiency
when the width of the main channel is three or four times
the width of the subchannel.

A review of previous papers shows that the mixing of
viscoelastic fluids has rarely been the focus of researchers.
In addition to introducing the T-Y shape micromixer (Fig.
1), the present work examines the mixing of two
viscoelastic fluids numerically using the Oldroyd-B
constitutive equation. The effect of the inlet velocity, the
ratio of inlet velocities, and Weissenberg number on
mixing efficiency is evaluated.
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Fig. 1. Schematic of T-Y micromixer
(W, =400 pm, W1 =200 pm, L, = 3600 pm, and Lz = 1400 pm).
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2- Governing equations

The governing equations of the mixing process of two
viscoelastic fluids, i.e., continuity and momentum
equations are expressed as follows by assuming
incompressible, unsteady, and laminar fluid flow:
V-u=0 Q)
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p(g—l;+u-Vu)=—VP+V-‘t 2

where u is the velocity vector, p is the density, P is the
pressure and 7 is the sum of the shear stress tensor of the
solvent (1s) and the elastic solution (tp):
T=T,+T, 3)
75 = ns[Vu + (Vu)] (4)

In this equation, ns iS the dynamic viscosity of the
solvent. The solution shear stress tensor is modeled using
constitutive equations of viscoelastic fluids, such as
Oldroyd-B:

aT T
T, + k[a—t”+ V- (uty) — (ut,) "1, -7, (Vu)] =
1p[Vu + (Vu)’] ©)
where A is the relaxation time of the viscoelastic fluid
and np is the dynamic viscosity of the solution.

Reynolds and Weissenberg numbers are respectively
defined as follows:

_ WinD
Re = o (6)
Wi = “7"’1 ©)

The mixing index is calculated using the following
relationship:

” (c-c)*dA @)
A'E(Cmax - 6)

The mixing index is the average concentration in the
cross-section of the outlet channel. A is the cross-section
of the outlet channel and cmax is the maximum sample
concentration in the microchannel. The mixing index of
zero and 1 indicates no mixing and complete mixing,
respectively.

Ml =1-

3- Results

The effect of inlet velocity

The simulations are carried out for the Weissenberg
number equal to 0.1. According to Eq. (7), to keep the
Weissenberg number constant, the relaxation time should
be changed appropriately. Fig. 2(a) shows the mixing
efficiency at different distances from the channel length
for different inlet velocities and Fig. 2(b) shows the
pressure drop values for different velocities. It can be
observed that at a certain distance from the channel, the
mixing efficiency decreases with the enhancement of the
inlet velocity. The concentration contours confirm that the
mixing quality is increased along the channel, but the
amount of this enhancement is not significant for different
velocities. As Fig. 2(b) shows, at a distance of 2800
micrometers from the beginning of the main channel, the
mixing index is improved from about 46% for the inlet
velocity of 0.002 m/s to about 38% for the inlet velocity of
0.006 m/s.

The effect of Weissenberg number
With the increase of the Weissenberg number, the mixing
index is augmented in different sections of the

microchannel, because the instability of the viscoelastic
fluid increases at higher Weissenberg numbers. In general,
turbulent flow movements are continuously created at the
junction of inlets. The turbulent flow is first created at the
junction of the inlets. After that, in the straight channel,
unlike the layered state in Newtonian fluids, the flow of
viscoelastic fluids with different concentrations moves
more irregularly.

4- Conclusion

In addition to introducing the T-Y shape micromixer, the
present work examines the mixing of two viscoelastic
fluids numerically using the Oldroyd-B constitutive
equation. The results demonstrate that at a certain distance
from the channel, due to the instability of fluid flow, the
mixing efficiency is improved by reducing the inlet
velocity. For example, at a distance of 2800 um from the
beginning of the main channel, the mixing index reaches
from about 46% for the inlet velocity of 0.002 m/s to about
38% for the inlet velocity of 0.006 m/s. With the increase
of the Weissenberg number, the mixing index augments in
different sections of the microchannel, because the
instability of the viscoelastic fluid is enhanced at the higher
Weissenberg numbers. At a certain distance from the
channel, the mixing efficiency is diminished with the
increase of the inlet velocity. In general, the increase in
mixing efficiency is due to the destabilization of fluid
flow.
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Fig. 2. The effect of the inlet velocity on (a) the mixing index and (b)
pressure drop.
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