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ABSTRACT

This paper presents software developed for treatment data from an Acoustic
Doppler Velocimeter (ADV) probe applied to hydrodynamics studies. The software
developed here was tested using a dissolved air flotation (DAF) pilot plant in water
and wastewater treatment applications. The ADV principle is largely used in
velocimeters, but the data are commonly presented in timetabled results. Thus, the
software intended to statistically treat tabled data, to plot the vectors and to produce
more comprehensive surface (3D) graphs for vector visualization. It is also possible
to take detailed cross-section cuts in any portion of the vector grid, thereby creating a
2D visualization of the velocity intensity. This software should prove useful as a tool
for treatment improvement, and it should contribute in the reactors hydrodynamic
analyses.
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RESUMO

Este artigo apresenta o desenvolvimento de um programa computacional para
tratamento dos dados de estudos hidrodindmicos empregando uma sonda acustica
denominada Acoustic Doppler Velocimeter (ADV). O programa desenvolvido foi
utilizado em uma unidade piloto de flotagao por ar dissolvido (FAD) empregada para
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tratamento de agua e agua residudria. Estudos com equipamentos que empregam o
principio Doppler sdo amplamente empregados para diferentes aplicagdes, entretanto
os dados de saida sdo apresentados em forma tabular tornando a interpretacao dificil e
imprecisa. Assim, o programa computacional desenvolvido foi concebido para tratar
estatisticamente os dados, calcular e plotar os vetores resultantes bem como produzir
graficos de superficie (3D). Adicionalmente, pode-se gerar cortes em qualquer secao
de interesse, criando visualizagdes em duas dimensdes dos vetores resultantes. O
programa apresentou-se como uma poderosa ferramenta para incremento de sistemas
de tratamento e pode contribuir no estudo hidrodindmico de reatores em qualquer
escala.

Palavras-chave: Hidrodindmica. Doppler. Desenvolvimento de programa
computacional

1. INTRODUTION

Instrumentation, control and automation techniques for treatment systems of
fresh and wastewater depend upon the development of several intermediate stages
that must operate in trustworthy bases. The majority of the available instruments in
the market count on independent systems that operate by generating signals or by
means of proper programs. However, each system of treatment must be properly
adapted to the attainment of results that are trustworthy in each particular case. This
article presents results referring to the application of a dedicated computational
program for treatment data coming from an acoustic Doppler velocimeter (ADV)
used for flow assessment in a pilot dissolved air flotation (DAF) unit.

2. METODOLOGY

2.1. The Equipment "Acoustic Doppler Velocimeter" (ADV)

The ADV equipment uses waves of sound of a particular frequency aimed at
attaining the three-dimensional components of the fluid velocity according to the
Doppler principle. The control volume is 0.1 cm’ and the distance from the sender to
the volume is about 5 cm. The equipment works in a sampling frequency of up to
50Hz and is standardized for speed band ranging from £3 to +250cm/s (even so, it
can be programmed to work from 1mm/s to 2,5m/s). The equipment is composed
basically of an ultrasound sender, three receivers and an electronic processing
module. The signal generated from the sender is reflected by particles in the half
liquid to the receivers and used to compute the Doppler signal through which the
components of the velocity are calculated. Figure 1 presents a photo and a scheme of
the sampling tip connecting rod illustrating the emitted signal, the control volume and
the three receivers.
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The manufacturer states that the visualization of the flow is not necessary, as
do the methods that use the image, and suggests this as one of the advantages of this
equipment. However, the fluid must contain scattered material in a large enough
amount to reflect the generated signal to the receivers. The equipment has software
for data acquisition and a program that evaluates the signal’s performance.

The acquisition software allows setting sampling frequencies (fr) from 1 to
50Hz. It is important to point out that the data collection frequency (fs) is 16MHz and
the relation between fr and fs is given by: fr=fs/N, where N is the number of samples
contained in the time 1/fr. The correct data frequency sampling definition depends
upon the flow conditions.

Vol.<01cmf

Figure 1. MicroADV photograph and illustrative scheme of the sampling probe tip.
Source: Adapted to SonTek (2004).

2.2. Application of the ADV in Turbulence Measures and in the DAF
Hydrodynamics Assessment

Vulgaris and Trowbridge (1998) reported greater precision in the average
benchmark in turbulent flow conditions using MicroADV in comparison to
equipment that uses the Laser Doppler Velocimeter (LDV) principle. However,
Garcia et al. (2004) verified the application of the ADV for turbulence measures once
these conditions had been considered critical by Lohrman et al. (1994). For adequate
frequency acquisition, a conceptual model was developed. That model simulated the
operation of the instrument and the energy spectrum associated with different outflow
conditions. The authors propose a dimensionless parameter for evaluation, F=fr.L/Uc,
where L is defined as the turbulence macro-scale length and Uc is the fluid velocity
average. According to previous authors, values of F>20 present speeds that can be
attained with negligible error. In contrast, previous authors’ work at values of F<20
required Acoustic Performance Curves (APC) in order to obtain the necessary
corrections.

Another question was pointed out in tests carried out by Lundh et al. (2000)
that had indicated a reduction of up to 50% in the speed value measured in water
containing a high micro-bubble concentration when compared to water without
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micro-bubbles. The speed signal was induced by the oscillatory movement of a
pendulum on which the equipment was fixed. The authors did not reveal on which
axis the influence was verified, but there is evidence that the values mentioned were
referring to the velocity component resultant in the three directions. However, the
authors considered that the equipment could also be applied to verify a streamline
trend.

2.3. Program Description

The presentation of the computational program in MatlabR12 6.0 language is
emphasized in this article. It is developed for data treatment and conversion from
TXT files, containing a table of signals values, to the 2D and 3D graphs. The
program, called Veldigital3D, has as a starting point the data generated in extension
VEL for MicroADV. It has a simple interface and can be executed using about 10
visual windows and 5 windows of messages with about 10 command buttons. The
objective was to provide the MicroADV probe data visualization in three dimensions.
Furthermore, it is also possible to make cuts and visualization in any region of
interest in the grid that contains the resultant vectors. With the results obtained, 2D
and 3D graphs can be constructed with intensities differentiated by color variation.
There is the option of composing the various 2D graphs, allowing a better 3D
visualization of the results. The operation of the program is very simple; however, as
it is a beta version, the commands have not been compiled, and MatlabR12 6.0 must
be run so that the program can be run. The program calculates the resultant vector of
each point in a collection and locates them conveniently in the set scheme, in
accordance with the coordinates supplied by the user. The coordinates are determined
as a function of the origin and each point must contain - in the name of the archive —
the information referring to its position.

Both the main program and all subroutines, including functions and sub-
functions, were made using the MatlabR12 6.0 (extension .M). The block diagram of
main program is presented in Figure 2.
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Figure 2. Block diagram of main program

3. APPLICATION

3.1. Example of Application: Dissolved Air Flotation (DAF) Hydrodynamics Contact
Zone

One of the possible program applications is to use ADV probe data treatment
applied to the velocity achievement measured inside of the reactors used in sanitation.
The application in a Dissolved Air Flotation (DAF) pilot unit is emphasized in this
article. The first step, after data acquisition, is re-name the referring archives to the
collection points. This is always done as a function of the origin, defined at the
moment of the data acquisition. The name of the archives must contain one of the
following formats:
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1 Pnro point*Xposition in the x axis in centimeters"Yposition in the yaxis"Zpostion
in the z axis ANGangle reffering to the horizontal plan

or

2 Pnro point*dX or dY or dZ offset in (x,y or z)axis considering a reference point
REFPnro reference point

or

3 Pnro point*"dANGoffset in the reference point direction REFPnro reference point

where: A = indicates space bar
nro point = number of the point

In the first format, the file name must contain both the coordinate value (x, y

and z) for each axis and the angle that the probe has with the horizontal plane. The
second format must be renamed taking into account a reference point. Thus, only the
linear increment (dx, dy or dz) for each axis in relation to the reference point is set.
Finally, the third format should consider only the increment in the probe direction,
which is defined by the angle between the probe and the horizontal plane.
The angle refers to the down-looking MicroADV model, operating in the vertical
position. When the angle is not inputted, zero will be the default. After changing
points names with extension VEL, the directory contains the renamed files must be
copied to the MatlabR12 6.0 folder in the Work > Veldigital31 directory. The field
Current Directory of the MatlabR12 6.0 version must be set to reference the
Veldigital31 directory. Later, in the field Command Window, “vel3d” must be used.
Thus, the primary window of the visualization program will be opened. This window,
from top to bottom, contains four entrance options that must be run in the order that
they appear. The operation described in this section was carried out using file with a
VEL extension extracted from a real assay. One should choose first the button
“Define Points” (Figure 3).
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Figure 3. Veldigital3D primary window where it will have to be executed as a first step for
calculation and reading of the resultant vectors.

Continuing, the files that contain the points must be loaded from the directory
copied to the folder WORK. Optionally, in the menu Configuration of the tasks bar,
the treatment that will be given to the points of the archive (arithmetic mean,
geometric and bigger and lesser medium values) can be selected (see Figure 4). Later,
one selects the option “To load points of archives”, where the name of the directory
that contains the points must be given. The status window then appears, and, in this
phase, the grid of points is conferred, and the resultant vectors are calculated. If
incorrect points exist (i.e., crossed references, nomination errors, inexistent points,
etc.), the information appears in an independent box, and the results are not read or
processed. After reading the data, there is an option to invert the axis x and z. Further
any tabled value may be added. Figure 5 presents the sequence of some stages
described above.

i <} Definit os pontos

configuracao  Dados

Calculo da velocidade v PG IETelE Rl =Y

IMediana

IMaior walor
IMenor valor
Media gearmetrica

Canregar pontos de arg

Figure 4. Statistical treatment of the collected data
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Figure 5. Sequence of loading data from .VEL file

If there is no problem with the file name, reference, etc., the window
containing the loaded points appears in columns containing the point name,
coordinates, speed components and collection angle (Figure 6). On the contrary, the
type of error appears in a window.

In the cases where the adopted origin for the mesh of points does not coincide with
the probe orientation, the direction of the axles x and z can be modified (Figure 7).
Optionally, the points can be edited by selecting the option “To edit points”.

If desired, the points can be confirmed with key “OK”. After this, the primary
window appears again, and the second step must be run. The second step is
characterized by the scheme definition in which the resultant vectors are plotted. For
this propose, the “To define scheme” button must be selected (Figure 8). The drawing
must be constructed from the MatlabR12 6.0 tools. The program update must contain
the reading of imported data of programs with DWG extension or raster image type.
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Figure 6. Loaded points calculated from Figure 4 definition
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Figure 7. Axles way inversion according to the probe origin and data acquisition

Then, the visual presentation window is shown (Figure 8). In this window, one
must define the drawing and the origin of the adopted net vectors. After the drawing
definition (Figure 8a), the origin must be selected by inputting one of the vertices and
by choosing the option “To define Origin” (Figure 8b).

| <) Definir 0 esquema que sera utilizado M=[ES|] <} Definir o esquema que sera utilizado =100 x|

Desenhol.mat = 20na de reaca. mat hd
esen al
st

a) b)
Figure 8. Visual windows for drawing definition in which the resultant vectors are plotted. a) The
definition of the scheme. b) The definition of the origin.

The third step consists of vector visualization. For this, the command button
“To visualize” in the primary window of the program must be selected. Then, the
window shown in Figure 9 appears. In this window, the command button “3D” must
be selected so that the vectors can be plotted in the defined scheme.
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Optionally, the drawing and the vectors can be configured by using the
command “Configuration” found in the menu tasks. The scheme can be rotated
around the vertical and horizontal axis using the roll bar located on the left. The axis
names and positions can also be modified by selecting the option "Move label".

From the 3D scheme thus generated, one can produce cuts through different
cross sections showing the net defined resultant vectors (Figure 10).
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Figure 10. Examples of possible cuts in the vectors net. a) cut in the plan xz; b) cut in the plan xz.

Later, a figure from the 3D scheme can be generated. The MatlabR12 6.0 tools
can be also used to modify the characteristics of the figure generated. It is also
possible to rotate the scheme around the axis and to magnify some scheme part by
choosing the “Zoom” tool (Figure 11).
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After this, it is necessary to come back to the visualization window to choose the
graph format. For this, it i1s necessary to select the option “To visualize Graphs” in
the menu tasks and to indicate the graph type (Figure 12).
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Figure 11. Visualization example generated Figure 12. Graph type definition.
from the 3D scheme.

Assuming that the surface graph option was chosen, the surface graph that
contains the selected region can be plotted (Figure 13). The graph is plotted with
differentiated colors in accordance with the intensity of the resultant vectors speed in
the direction perpendicular to the selected plan.
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Figure 13. Example of surface graph for the plan xy.

Additionally, a border graph can be generated. The border graph presents
regions segmented by differentiated colors in accordance with the intensity of the
vector component perpendicular to the selected plan (Figure 14). Alternatively, the
border graph can be overlapped with the resultant vectors in the associated cut
(Figure 15). This alternative supplies a three-dimensional visualization.
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The discussion presented in this paper illustrates one of the possible
applications of the VelDigital3D software. It is important to point out that the mesh
of points investigated for this illustrative case was intentionally reduced in aims to
simplify the operation as our focus was on presenting the functional potential of the
program.

4. CONCLUSIONS

The Veldigital3D program can be used to assist in the visualization of the data
obtained by the probe MicroADV. With the program it is possible to learn about the
vectors’ speed distribution in space and to produce different types of graphs, thus
constituting a powerful tool for hydrodynamics assessment in many fields of
application.

The program was designed under the consideration that it be viable in all
different areas in which the MicroADV probe is useful. Its conception was based on
the search for a simple tool that supplies visual information. The development is
inevitably imperfect, and future updates may be required to suit future applications.
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Figure 14. Example of border graph produced from Figure 15. Example of overlapping of the
the resultant vectors. graphs of border and resultant vectors for
plain determined one of interest.

The analysis of the flow conditions using the sounding probe acoustics (ADV)
conjugated with the VelDigital3D program have permitted users to learn about the
DAF hydrodynamic behavior by means of the three-dimensional visualization in
different flow conditions. The graphical user interface developed here is user-friendly
and easy to operate. Future versions must consider the code compilation and the
algorithm inclusion for raster image insertion. Moreover, similar applications should
offer significant assistance in full-scale reactor hydrodynamics analysis.
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LIST OF SYMBOLS

2D two-dimension

3D tree-dimension

ADYV Acoustic Doppler Velocimeter
APC Acoustic Performance Curves
cm/s centimeter per second

DAF Dissolved Air Flotation

DWG AutoCad file extension

F dimensionless parameter for turbulence evaluation
fr sample frequency

fs collection frequency

Hz Hertz

LDV Laser Doppler Velocimeter
m/s meter per second

mm/s millimeter per second

N number of samples

TXT text file extension

VEL acoustic file extension

Vel3d software executable command
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