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Abstract: The fluidic oscillator is a new micro-scale actuator developed for flow control applications.
Mixing in micro channels is an important problem because the flow is always laminar flow even
though the velocity may be high. The principal constraints when designing a mixer are the flow rate
required through that particular section of the micro-device, the fluid properties of the streams to be
mixed and the desired level of mixing. This paper describes a new actuator for flow mixing
applications with nozzle size equal 1.18 mm. The gas diffusion, mixing is very important operation in
the fields of nature and industry. Now, it is desired to improve the mixing. In this paper, first the
performance of fluidic oscillator mixer operated by gas is made clear simulation.
Copyright © 2007 IFSA.

Keywords: Mixture, Diffusion, Oscillator, Mixer auto pulsed.

1. Introduction

A fast micro mixture is essential in many operations employment in the biochemistry analysis, drugs
administration, among other biological processes such as the cells handling, enzyme reactions, which
require the micro mixer pharmaceutical products. When transverse section dimensions of channel are
about ten micrometers, the molecular diffusion can mix two fluids in few seconds. However, when
dimensions are about the hundred micrometers, a molecular diffusion based on the process of micro
mixer can take ten seconds [1, 2].

In the study of micro total analysis systems and complicated lab-on-a-chip systems that involve
mixing, chemical reaction, separation and detection, micro mixers were focused on solving the
difficulties of mixing several fluids in micro-scale channels [3, 4]. Among the various types of micro
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mixers, active mixers have external power sources for moving components; active micro mixers
require complicated fabrication steps. Furthermore, the electrical field and heat generated from the
actuators can cause damage to the chemical samples, although active micro mixers can provide rapid
mixing. On the other hand, passive micro mixers have the advantage of simple fabrication and easy
operation. The absence of heating elements is important for applications where temperature is a very
sensitive parameter. This type of micro mixer, however, requires long mixing length. Oscillating fluid
flow mixers are inherently logic devices, and the basic measurement performed to monitor its
operation is a frequency. In a properly executed flow mixer, the oscillation frequency is proportional to
the volumetric flow rate. Several categories and subgroups of oscillator exist, each with a unique shape
and particular approach. The oscillation frequency depends on both the transmission time and the
switching time [5].

The principle of oscillators is based of a fluid jet, which injected into the oscillator, bends due to small
fluctuations towards one of the attachment walls, The fluid flow on the bent side of the jet is restricted
and a low-pressure regime is created, which causes the jet to attach to the wall (Coanda effect) [8] This
work consists a numerical study of passive mixers auto pulsed form.

2. Approximation Oscillator Frequency

The period of oscillations is determined by the switching time from the attachment wall to another and
the transmission time through the feedback channel [5, 8]. The frequency is determined by expression

(1):

1
fzma (1

where f is the frequency (Hz) and ¢, the switching time (s), ¢ is the transmission time (s):

fer s

_2{l+éLj )
c U

where [ is the length of one feedback loop; c is the speed of sound; L is the nozzle to-splitter distance;
and, ¢ is an empirical constant (1< & <2, U the flow velocity).

For gases, the frequency of a bistable feedback oscillator is function of the jet travel time, of the jet
switching time, and the acoustic travel time [7]. In a rough approximation is given by expression (3)

f= NyrT

) 3
2(1,+2.L,) ®)
where +/y.r.T =340 m/s for air, and r gas constant, /, feedback loop length, L, outlet length.

Table 1: Frequency oscillations device
(/=0,203 mm, L=0,003 mm, U= 300 m/s, /,=0,203 mm Ly=0.030 mm¢& =1,5)

f W.Gerhard 1969 (Hz) f Simoes 2005 (Hz) f simulate (Hz)

646 722 934
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3. Geometrical Characteristics

The structure of the oscillating mini-mixer proposed in this work consists of tree connected oscillators,
as shown below. Fig.1 presents the geometrical characteristics of the mini-fluidic oscillators mixer
defined in this work.

5329 mm
_ n 2\ AL
0,79 mm _T—F’Uutlet 2 0,29 mum 15 mm N \/
(\(‘\] w\] ﬂ A L control
*. & i t
97,91 mm % D\\>,2 et b
W j \/ supply
] oscillator

inlet 2
outlet 1 inlet 3

Fig. 1. Schematic representation of the fluidic oscillator mixer.

4. Meshes and Boundary Conditions

In the present simulations, the inlet pressure of three inlets is set in the range 100000 Pa. The fully
developed condition is applied to the outlet device. Meanwhile, the boundary condition of the micro
chamber wall is specified as a no-slip condition with a zero flux of the sample concentration. This
study effectuated discretization under the design criteria Pressure: standards, Pressure speed: Coupling:
Simplec, Momentum: first order.

B
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Fig. 2. Meshing representation of the fluidic oscillator (42416 cells).
5. Simulations results

To predicts the local mass fraction of each species, Yi, through the solution of a convection-diffusion
equation for the i species. This conservation equation takes the following general form:
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%Jrv_(pﬁm:—vjw&', @

In first equation Ji is the diffusion flux of species i, which arises due to concentration gradients. By
default, we use the dilute approximation, under which the diffusion flux can be written as

—

Ji=-pD, VY, (5)
where Di ., is the diffusion coefficient for species i in the mixture.

The flow field of a micro mixer is governed by the compressible Navier—Stokes equations. The
following numerical results are obtained for air and turbulent regime, in this study, the Reynolds

number is defined as Re = vd where d is the inlet channels size and V' is the velocity inlet, and v the
14

cinematic viscosity. The Reynolds number at nozzle is equal 20046, for millimetric sizes.

0.8

——fdl Fr=934 Hz ——fd2 Fr=934 Hz ——fd3 Fr=934 Hz 7

8010
o7 L™ Fay Fa¥
06 6040"- BAH
@
0.5 =
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©
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\ 2040
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Fig. 3. Mass flow through the right branches Fig. 4. FFT mass flow through
feedback loops. the right branch fd1.
R ‘ ‘ :o\ 2 ouveu ‘ ‘ —— specie outlet2 et 1 ‘

Fig.5. Mass flow output. Fig.6. Species mass fraction output.
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Fig.7. Output mass fraction at four times.

5. Conclusions

The performance of oscillating mixer with millimetric size was simulated using Fluent Code. The first
results of theses numerical calculations indicate evaluation oscillating frequency of fluidic oscillator,
the next one consist of mixing estimation. In this study we show complex geometry based of oscillator
unit. The oscillator produces auto-perturbations through the mixed flow. The frequency results,
produced by auto-pulsed perturbations preserve mass fraction between 0.2 and 0.45 figure 6, but in
output device de mass fraction oscillate between 0.4 and 0.5 in middle position figure 7 In perspective
we propose experimental study for estimate mixing efficiency with three configurations mixer. And
propose this device for gaseous flow control.
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