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STATISTICAL ANALYSIS OF THE FLOW INDUCED BY THE
INJECTION OF AIR

Talida Mirona CIRLIORU?, Florentina BUNEA?, Gabriel Dan CIOCAN?,
Valeriu PANAITESCU*

Anumite aplicatii, in fluide bifazice, necesitd cunoasterea simultand a
caracteristicilor dinamice ale celor douad faze, in cazul de fata lichida si gazoasa.
Pentru a putea caracteriza o coloand de bule, este necesar sa se determine viteza
indusa de gaz in fluid, viteza ascensionald a bulelor, zona de influenta a coloanei de
bule in lichid precum i caracteristicile bulelor: diametru, factor de formd, etc.

Acest articol prezinta o metoda de tratament statistic a datelor obtinute
printr-o tehnica de masura Particle Image Velocimetry (PIV). Pentru determinarea
zonei de influentd a coloanei de bule in lichid autorii propun o metoda originala de
utilizare a parametrilor statistici de asimetrie si de formd. Precizia masuratorilor
este determinanta de utilizarea acestor parametri, prezentindu-se metoda de tratare
a datelor.

Some applications require knowledge of simultaneity of two-phase flow
characteristics: liquid and gaseous. In case of a bubble column, for its complete
characterization is necessary to determine the flow velocity induced by the column
of bubbles in the liquid phase, the bubble ascension velocity, and bubble
characteristics: diameter, diameter fluctuations, shape factor.

This paper presents a statistical treatment method of experimental data
obtained by a Particle Image Velocimetry (PIV). The authors propose an original
approach by using the statistical moment skewness and flatness to discriminate the
bubble column influence zone. The accuracy of the measurement results is an
important parameter in this approach.
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1. Introduction

Experimental measurements of biphasic flows into aeration columns, using
the PIV technique, can be found in the international literature (Deen et al. [1],
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Tomiyama [2], Lain [3]), where velocity profiles of the two phases are presented,
for certain configurations of the flow or bubble size distribution, Laakkonen et al.
[4] and the comparison of PIV measurements from literature with numerical
simulations, Zhang [5]. PIV technique began being used in recent years also in the
case of biphasic flows in hydraulic turbines - see Ciocan et al., [6, 7], lliescu et
al.[8, 9] and Houde et al.[10].

The object of this experimental study is the determination of the
velocity field induced by a bubbles column in liquid. In order to establish this, the
PIV technique was used in the water flow induced by a bubbles column.

The study focuses on development of the velocity field induced to water
by different flow rates of injected air, through a metallic perforated plate with
holes of 0.2 mm (MPO0.2), in a rectangular tank filled with water. The measuring
method is described in detail in Ciocan et al.,[6]. Using these experimental
measurements, the velocity fields are analysed by statistical means. The skewness
and flatness of statistical moments are used to discriminate the influence zone of
the induced velocity by the bubble column. The accuracy of the different
statistical moments is established.

2. Experimental set-up

The measurements were made in a rectangular tank (1100x300x300 mm),
made from transparent Plexiglas, in which a sparger was installed — see Fig. 1.
The height of the water column, between the surface of the sparger and the free
surface (hydrostatic head) is 800 mm. The sparger is situated at a 90 mm height
from the bottom of the tank, in order to avoid the influence of the wall on the
induced flow.
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Fig. 1. a) Measurement set-up, b) Emissions of bubbles by perforated plates MPO0.2.

The sparger has a diameter D = 44 mm; the orifices diameters d are placed
at a distance 74 in order to avoid the bubbles coalescence and an orifice length of
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6d in order to neglect the contraction coefficient of the orifice. Four air flow rates
are considered: Q =3, 6, 8 and 12 I/min.

The PIV set-up, the calibration and data processing was described in
Ciocan et al., [6].

3. Experimental characterization of flow

A specific post-processing methodology is developed to extract the
relevant flow features from the PIV measurements. The developed algorithms use
background intensity correction, contrast enhancement, and optical distortion
compensation to isolate the bubble contours and the particle locations within each
image. The relative grey levels of the bubbles and background vary for each
individual acquisition, thus an adaptive threshold value was set for each image.

3.1. Velocity processing

A measurement consists in a pair of images acquired at a certain time
interval of 10 to 18 ms. The velocity field induced in the fluid phase by the bubble
column is determined. The raw data processing treatment is performed in the
instrument-specific software Flow Manager, while the subsequent data validation
and visual representations are made using Matlab routines.

The instantaneous velocity fields in the liquid phase are obtained by cross-
correlation of the acquired image pairs and further validation based on local
velocity range criteria. As seen in Fig. 2, the effective portion of the velocity field
is located on the left side of bubble column, in the direction of the incoming laser
sheet. On the right side, scattering from the seeding particles is drastically reduced
due to the lower energy quantity of incident light past the bubble column.
Dispersion, adverse scattering on the bubbles’ surface and absorption are some of
the factors that contribute to the light intensity diminution on the right side of the
image. Therefore, less reliable statistics are issued in this area.

Fig. 2. Instantaneous velocit d( / n, MPO0.2, planl) superimposed on the original image
Ciocan et al. [6].
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The statistical convergence is checked for the average value of the velocity.
The accuracy of the average value is estimated at 5%. At this time the other order
values (standard deviation, skewness and flatness) are not considered.

An example of final results for the average velocity field induced in water
by the rising bubbles is presented in Fig. 5. Only the bottom measurement section
is shown here, near the sparger’s exit.

3.2. Skewness and flatness processing

Skewness, the asymmetry parameter of the axial velocity is calculated by:

1 Z(v[_;)s
Sk, === : 1
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According to the value of this parameter we can have a positive or negative

asymmetry.
Flatness, the form parameter of the axial velocity (Kurtosis/ flatness) is
defined according to:

n
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For this statistical analysis the number of the acquired data and the
treatment applied for the velocity processing are not enough to obtain a good
accuracy, see 8 3.3 and Fig. 4 - unfiltered fields, and for skewness and flatness a
large dispersion can be observed. A difference can be also observed between the
right and left side of the image. The number of acquisitions in the left side is less
important like in the right side due to the shadow of bubbles — see § 3.1.

A second validation procedure, based on Gaussian filtering, was
developed in Matlab and applied to vector-field series for both velocities
components. Considering a 95 % confidence level, the filtered values lie within
the bounds:

V=28, <v,,, Sv+2S, ©)

with vg,; - filtered velocity, » number of samples; v; — axial instantaneous
velocities; v — axial average velocities.
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1 A5
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Fig. 3 shows the Gauss distribution curves described by equation (4), with
all data and validated (filtered) data within the selected range. This filter does not
have a significant incidence on the average value of the velocity — less that the
accuracy of the measure, but are significant for the hi-order moments — see Fig. 4.
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Fig. 3. Overlapping Gauss distribution curves for instantaneous and filtered velocities « and v.

The statistical moments are also calculated only with validated velocities.
The use of this filter does not have a significant incidence of the velocity field, but
improves significantly the accuracy of the statistical moment’s skewness and
flatness — see Fig. 4.

3.3. Influence zone of the bubble column

An important parameter in the induced flow by a bubble column is its
influence zone. Many methods can be used to define this boundary and to
discriminate the influence zone of the bubble column from the no influence zone:
a velocity mean isovalue near 0, consider a gradient value, etc. All this methods
contain the subjective criteria that will be chosen.

The flow is basically unsteady. The maximum of the statistical moments
skewness and flatness can be an excellent criterion to discriminate, in average
value, the boundary of the bubble column influence.

According to this, the statistical parameters like the probability and normal

distribution are used. In general, the normal distribution is characterized by the
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“bell form”. In terms of the value of the asymmetry parameter we can establish if
the measured values are symmetric or not, if the average value is analyzed.
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Fig. 4. Statistical moments before and after using the Gauss filter.

If this parameter is near the zero value (Sk = 0), then most of the measured
values are symmetrically arranged. From the skewness distribution is clearly
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observed an area of maximum asymmetry. These areas correspond to the shear
layer between the fluid without induced flow and induced flow by the bubble
column. In this way, the skewness is an excellent criterion to discriminate the two
areas. The importance of the accuracy of the data used for this criterion is evident
— see Fig. 4. These considerations are related to the average velocity, because in
this area the flow is unsteady: the velocity varies around the zero value.
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Fig. 5. Gauss function distribution for spatial points in the induced velocity zone, boundary and
out of induced flow area.

The flatness parameter shows another flow characteristic — see Fig. 5. In
the central zone the velocity variation around the mean value is reduced. In
opposite, outside the induced flow zone, the flow variation is very large around an
average near 0 — is a recirculating area.

4, Conclusions

A combination of standard PIV, LIF and shadowgraphy was employed to
study an air column evolution in a water tank.

The investigation was done in 3 separate zones covering the whole
longitudinal cross-section of the water tank and for 4 air flow rates. The velocity
field is determined with an accuracy of ~5%.

An original approach is proposed to discriminate the boundary of the
region impacted by the induced flow of the bubble column: the use of the
statistical moment’s skewness and flatness. A Gauss filter was applied to improve
the accuracy of the moment’s calculation. This approach is explained with the
physical behaviour of this flow configuration.
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