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Abstract

Gas injection through a bottom nozzle is very papuwnd has
wide applications. Hence, many researchers havdedaout
extensive model experiments by focusing on flowdfgestructure
using air bubbles. The bubble plume, which is dcalpform of
bubble flow, is known as one of the transport plmesca that have
the capability to drive a large-scale convectior thuthe buoyancy
of the bubbles. The technique of using a surfamw fienerated by
the bubble plume is utilized as an effective wayctmtrol and
collect surface floating substances in naval systdakes, seas,
rivers, oceans especially the oil layer formed miyiliarge oil spill
accidents. Furthermore, the surface flows generatedoubble
plumes are considered to be key phenomena in waknds of
reactors, engineering processes and industriabpses handling a
free surface. The motivation of this research isbtoaden the
knowledge of the relationship between the pararsetérbubbly
flow that are demanded to describe the charadtarist the bubble
generating surface flow. Such flow depends on the fipw rate,
the bubble size (mean bubble diameter), void oictibubble
velocity, the internal two-phase flow structuretioé bubble plume
and the distant between the bubble generator andrdlb surface
which is equivalent to the water height in the eipental tank.
Laboratory experiments have been carried out inerrtb
investigate the motion of bubbles in order to cl® the
mentioned bubble parameters and to find their icglahip. The
data are obtained by applying image processing isdialized
images of bubble flow structure for the differeatons of bubble
regions. It is confirmed that the flow structuredamubble
parameters are sensitively modulated by the gas ffide. As the
gas volume flow rate increases the bubble veloeityng the
bubble plume increase. Furthermore, the bubblecitglincreases
as the water height in the experimental tank irsgsa

Introduction

Bubble plumes are observed in various engineerisgjgines, e.g.

in industrial, material, chemical, mechanical, kiviand

environmental applications such as chemical planislear power

plants, naval engineering, the accumulation ofamaflag in metal
refining processes, the reduction of surfactanth&mical reactive
processes, chemical reactions, waste treatmentmipgag and
resolution, heat and mass transfer, aeronautichlastronautical
systems, biochemical reactors as well as distitaglants, etc.

As the model of gas injection (the technique tre heen widely
utilized for improving the engineering process)his most popular
and has wide applications and since bubble plurags heen used
with varying degrees of success more information thase
subjects should be accumulated because there llispstisible
improvement to get higher efficiency for generatihg surface
flow.

Surface flows generated by bubble plumes are ceresidas a key
phenomenon in many processes in bioreactors, chempiants,
modern industrial technologies, such as metal eefient, and
future-type nuclear power plants, in addition toe tlmany
applications of bubble plumes mentioned above. &lpescesses,
which are expected to be improved by applying thiebte plume,
require the control of both concentration and tpantation of
surface-floating substances, i.e. solidized mdteida impurities,
as well as the stabilization of the interface mofiself in order to
guarantee their designed performances. Hence, Ithe i the
vicinity of a free surface induced by a bubble phuwas utilized as
an effective way to control surface floating substs on lakes,
rivers, seas, oceans, as well as in various kirfdeactors and
industrial processes handling a free surface iereefces [1-18].
The flow pattern of the internal liquid flow (thehaie field flow
structure around the bubble plume) in water tank walarified in
our earlier paper [8]. The resulting flow is steahd symmetric
relative to the bubble plume center. The flow pattdepends on
the gas flow rate, and as the gas flow rate ineeabe magnitude
of velocity (the mean velocities of liquid phasedagas phase)
increases and the effective area of the bubble g@lahthe surface
flow) expands in horizontal direction. Inside th&bble plume and
near the free surface, the bubble velocity and &d¢ne velocity of
the two-phase flow is higher while it is slower dther regions.
Hence, the generation of this high speed flow iss@tered a main



contribution to induce a strong surface flow.

The bubble parameters and their relation (mean Ibuthlameter,

gas flow rate, void fraction and the distant betwdle bubble

generator and the free surface which is equivalenthe water

height in the tank) are calculated in our earliapgr [8]. It was

confirmed that the flow structure is sensitively dutated by the

gas flow rate and bubble size, and as the gas wlilow rates

increases the mean (average) bubble diameter seselloreover,
the void friction increases with the gas flow ratea power index
of around 0.8 to 1.0. Moreover, the bubble sizedases as the
water height in the tank increase.

This paper is concerned with the characteristidsutble and their
parameters that induce surface flow. Image proegssi applied

after carrying out flow visualization for differergections of

bubble regions in order to clarify the relationshigtween bubble
parameters such as: gas volume flow rate, watghbh@i the tank

(the height of the bubble plume which is equivalémtdistant

between the bubble generator and the free surfacd)bubble

velocity along the bubble plume. The relationshgtween the
bubble parameters is explained. The flow structamd bubble

parameters are sensitively modulated by the gasrée.

Experimental Apparatus, Method and Conditions

Experimental apparatus for carrying out the expenits of bubble
parameters measurements is constructed as shdiguie 1. The
inner tank size is 1300 mm in length, 1000 mm iighte and 110
mm wide, made of transparent acrylic resin. Theeérpental

conditions are listed up in Table 1. The bubble egator is

installed at the center of the bottom part of ekt Four kinds of
bubble generators (with different injector nozzlas} applied for
the experiments as shown in figure 1. Table 2 shdines

experimental conditions for bubble generators. ae flow rate is
precisely controlled by a pressure regulator arnftb@meter. A

lighting setup (direct lightning method) with a tkaback sheet
background and two halogen lamps of 1000 W is usedearly

visualize and capture the images of the experimdotsthe

measurements. The visualized flows are recordeadigital video
camera (Panasonic DMC-GH2H) that captures 30 fhs. digital

images are preprocessed through the video to JBBRGder
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Figure 1. Experimental setup and photo of bubbleegaors.

image software and Adobe After Effects CS6 imagecgssing
software. The preprocessing entails sharpening,arizing,

smoothing of the images, and labeling bubbles.

Parameter Value
Density of water p=1000 kg/m
Kinematic viscosity of water] v =10° /s
Initial water height H0.2 ~0.6 m
Atmospheric pressure 101 kPa
Temperature of environment 22-25°C
Density of gas (air) 1.25 kgfn
Maximum gas flow rate Q,=8.0x 10° m’/s

Table 1. Experimental and simulation conditions.

(BG)Bubble | g5y | Be2 | BG3 | BG4
Generator
Straight Round Single
Type Block Tube Shape Nozzle
Number of 14 16 39 1
Nozzles
Nozzle 0.75 mm 1 mm 1 mm 5 mm
Diameter
A Injector 65%20 120x1 150x45 19.63
Surface (mn?) (mn?) (mn?) | (mnP)
Air Tube/ Room
Dimension 80x55%x25 6.5 mm 6.5 mm 6.5 mm

Table 2. Experimental conditions for bubble geresat

Bubble Parameters Calculations

The parameters of bubbles (bubble velocity, gas flate and the
distant between the bubble generator and the trdace which is
equivalent to the water height in the tank) arewated and their
relation is demonstrated. Seventy-two cases (cond) are
handled in these experiments. The values of thanpaters are
calculated by using the time average of 180 corisectrames in
the image processing (6 seconds). The bubble ¥gldbie width
of bubble injection and the standard deviation afeulated by
measuring more than 1200 bubbles in the local VT&yes inside
the bubble plume using image processing. The exwests for
measuring bubble velocity are conducted in thregors of the
bubble plume: the first region is over the injectegion of the
bubble generator, the second region is the mideiigns of the
bubble plume and the third region is just under fiee surface.



Figure 2 shows samples of bubble images for diffiecendition of
bubble generator including these regions.

Figures 3, 4 and 5 illustrate samples of the mtstiip between
bubble velocity and water height in the tank foe fiour bubble
generator types and forgQ2.22<106 [m%s]. The bubble velocity
is calculated for three regions or level of thegheiof the bubble
plume the first level is over the bubble genergétwer the injector
region of the bubble generator) and the secondl lsvén the

middle level height (the middle region) of the blébplume and
the third one is just under the free surface. Itlear from these
figures that the bubble velocity increases as tatmheight in the
tank increases. Hence, the magnitude of bubblecitglncreases
along the bubble plume. It is also recognized tiat bubble
velocity magnitude in the middle region is almo$i fimes of the
bubble velocity magnitude over the bubble generditwreover,

the bubble velocity magnitude under the free serfec almost
twice of the bubble velocity magnitude over the lidelgenerator.

w's)

£ os

4 shv—

03

=== Bubblc Generator 1
02

=@=Rubble Generator 7

01 Bubble Generator 3

=o=Bubblc Generator 4
o >
0 01 02 03 04 05
Water Height (m)

Bubble Veloeily Over Bubble Generaty

Figure 3. A sample of the relationship betweentthible velocity
and water height in the tank for different bubbknegrators for
region 1.
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Figure 4. A sample of the relationship betweentthible velocity
and water height in the tank for different bubbknegrators for
region 2.

Figure 6, 7 and 8 show samples of the relationsbipreen bubble
velocity calculated in the three regions of theldalplume (over
the bubble generator, in the middle region and juster the free
surface region) and the gas flow rate for the ciffié bubble
generators. It is clear from this figure that as tas flow rate
increases, the bubble velocity increases.

Figure 9 presents the relationship between gas flie and the
width area of the bubble plume on the surface étea which
contains bubbles on the free surface “the widththef surface

flow” in the horizontal direction), which is measdr from video
images. It is confirmed that this area increasegraimately
proportional to the square root of the gas flowerat
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Figure 5. A sample of the relationship betweenbthigble velocity
and water height in the tank for different bubbknegrators for

region 3.
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Figure 6. A sample of the relationship betweentihible velocity
and the gas flow rate for different bubble genesafor region 1.
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Figure 7. A sample of the relationship betweentihible velocity
and the gas flow rate for different bubble genesafor region 2.
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Figure 8. A sample of the relationship betweenthble velocity
and the gas flow rate for different bubble genesafor region 3.



Area width of surface flow (m)

o 2 4 ]
(Gas volme Mow rate Q0 x10 * [m"s]

Figure 9. The relationship between gas flow rate areh width of the

bubble plume on the free surface.

Conclusion

Flow visualization and image analysis of the bubplieme and
bubble motion are carried out in order to imprdve &pplicability
of the bubble plume. The parameters of bubbleskieubelocity,
gas flow rate and the distant between the bubbierg¢or and the
free surface which is equivalent to the water hiiglihe tank) are
calculated and their relation is demonstrated.ds$ wonfirmed that
the flow structure is sensitively modulated by ties flow rate.
The main results can be summarized as follows:

1) The bubble velocity increases as the water heighhe tank
increases, and the magnitude of bubble velocitsemees along the
bubble plume. Moreover, it is also recognized ttie bubble
velocity magnitude in the middle region is almo$i fimes of the
bubble velocity magnitude over the bubble generditwreover,
the bubble velocity magnitude under the free serfac almost
twice of the bubble velocity magnitude over the lidelgenerator.
2) The width area of the bubble plume on the serfétbe area
which contains bubbles on the free surface “thetlwidf the
surface flow” in the horizontal direction) increasapproximately
proportional to the square root of the gas floverat
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