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Abstract

Microbubble generator (MBG) is one of the solution in the wastewater treatment using the latest technology and
environmental friendly purposes. Besides it is simpler in construction, it also has the ability to purify the water
better than the other technologies. But until now there is no MBG that can generate an optimum micro-sizes
bubble effectively. A further study has been conducted to analyze the optimum design of MBG. MBG with porous
pipe and orifice, MBG with porous pipe and orifice and microbubble generator with spherical body and drilled
holes were investigated in this experiment. The micro-bubble generator is placed at a depth of H = 40 cm from the
surface of water in the aquarium ( 75 cm x 50 cm x 40 cm). Three different pressure transducers were placed
around the microbubble generator body to analyze the inlet water pressure Py, the air suction pressure, Pg and the
pressure at the outlet of microbubble generator. The output signals from the above sensors were sent to a personal
computer via an A/D converter to determine the respective time-averaged values. Water was supplied from
centrifugal pump from Q.= 2 m®/hour until Q.= .5 m*hour, with air suction rate Qg was form 0.1 I/min until 0.8
I/min. The water flow rate ,Qg, and the air suction rate, Q,, were measured by calibrated flowmeter and
controlled by gate valve .The bubble diameter was measured by capture the bubble pictures using digital camera
CANON EOS 550 D with additional 100m macro lens, and analyzed by image processing technique using
MATLAB. The hydraulic power, the bubble generation efficiency and dissolved oxygen number were defined as
parameters of the performances of microbubble generator. The study revealed that the bubble intensity increases
with the increase of water supply rate, and found that MBG with porous pipe and orifice is the optimum designs in
producing microbubble, although it required more power. From these experiments, we succeeded in producing
microbubble sizes ranging between 50 to 200 pm.

Keywords: microbubble generator, microbubble generator performances, microbubble, image processing,
hydraulic power, bubble generation efficiency.

saturated with gas and then injected into normal
environment with atmospheric pressure through a
nozzle. Microbubbles are formed during the sudden

Introduction

Microbubble is a bubble which have diameter less

than 200 pum (Sadatomi,2005), the application of
microbubble have widely been wused in many
application area, such as in fishery, medical, PIV,
water purification, and others. Overall, the suitable
microbubbles sizes are different in the various fields
of application (Tsuge and Li, 2006).

Microbubble generator (MBG) is a tool that can
generate microbubble. The research on MBG has
been doing since a long time ago. Microbubbles are
often generated by different ways that can be divided
into three types in terms of their mechanism (Pan li
2006). There are pressurized type, Cavitation type
and rotational type.

The pressurization type of micro-bubble generating
system is based on the Henry’s Law, In the
pressurization type, high pressurized water is

pressure drop. In the cavitation type bubble is formed
due to the phase change in the water which caused by
a sudden change in pressure which falls below the
liquid’s vapor pressure at the local ambient
temperature. Venturi tube is one example (Takemura,
2003; Fujiwara et al., 2003).

A typical design of the rotating flow type
micro-bubble generator is done by Tatsumi (2008).
Microbubble generation is initiated by pumping water
from the tangential direction into it. The fluid flows
in a rotating motion along the inner wall to form a
vortex. The center of the vortex is a low pressure area
because of centrifugal force, which makes air drawn
into it. When the fluid takes air out of generator with
very high rotating velocity, the air can be sheared into
micro-bubbles.
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Iriawan (2013) have conducted a research to optimize
the performance of MBG with spherical body, which
have been developed by Sadatomi (2005) and
succeeded to produce microbubble by 50 pm in
diameter.

Sadatomi et al. (2009) was developed a multi fluids
mixer as MBG that have the similar principle with
spherical body type developed before. The difference
is by using orifice and the porous material, porous
pipe, to compose the negative pressure in vacumn
side of MBG, so that the air will be sucked
automatically. Multi fluids mixer could generated
micro-bubble by supplying liquid and sucking gas. It
also generated mist by supplying gas and sucking
liquids. And found that the bubble generator
efficiency number will increase by adding the number
of air suction holes.

In this research, Three different designs of
micro-bubble generator are used. These three
different designs are spherical body with drilled hole,
orifice with porous pipe, and spherical body with
porous pipe microbubble generator. There won’t be
any significant difference in ability to dissolve
oxygen in the water because three of them can
produce micro-bubble. For the value of pressure
drop, there will be a little bit different among the
three designs. It’s because there is a different ratio
between orifice diameter and pipe diameter. The
different value in pressure drop will affect air suction.

in deciding the most optimum design among the three
MBG in generating microbubble.

Nomenclature

Q, = water flow rate (m*/hour)

Qg. = Gas Flow Rate ( I/min)

L, = Hydraulic power

P. = Initial Pressure ( kPa)

P, = Vacuum Pressure (kPa)

dp = Differential pressure (kPa)

u = liquid viscosity ( Pa.s)

= liquid density (kg/m)
8 = bubble generation efficiency.
H = Depth of water (m)
Subscript
G =gas phase
L = liquid phase

Experimental Apparatus and methods

Three different design of MBG have been tested to
investigate the performance of microbubble generator,
there are MBG with spherical body and drilled hole,

MBG with spherical body and porous pipe, and MBG

So, the hydraulic power and the bubble ; vil Y
with orifice and porous pipe.

generation efficiency are important to observe

Table 1. The specification of the tested MBG

No | Name Core Pipe Diameter Hole Core Diameter

1. PO-1 Orifice 18 mm Porous pipe 10 mm

2. PB-1 Spherical body 18 mm Porous pipe 14 mm

3. DB-1 Spherical body 18 mm 12 drilled holed (d = 0.7 14 mm
mm)

Figure 1. the Tested MBG, a) DB-1, b) PO-1, c) PB-1.

Three different MBG were put in the depth of water
ISBN 978 979 851061 8 507

in aquarium (size 75 cm x 50 cm x 40 cm) at H = 0.4




Proceeding Seminar Nasional Tahunan Teknik Mesin XII (SNTTM XIlI)

Universitas Lampung, Bandar Lampung, 22-23 Oktober 2013

m, the water flows from water pump and measured
by calibrated water flowmeter into the microbubble
generator, within the MBG there are three pressure
transducer sensor alongside the body to measure the
Inlet Pressure, the vacuum pressure and the outlet
pressure, the output signal from those sensors were
sent directly to a personal computer via A/D
Converter with sampling time 627 sample/s, to
determine the respective time-averaged values. The
sucked air in the MBG was measured by air
flowmeter.
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Figure 2. Eperimental set up.
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The bubble diameter was measured by capture the
bubbles pictures using digital camera CANON EOS
550 D with additional 100m macro lens, and
analyzed by image processing technique using
Matlab. The process of the image processing will
describe below.

To examine the quality of the water, we used DO
meter (Lutron DO 5510) to analyze the amount of
dissolved oxygen in the water and monitoring the
water temperature

Result and discussion.
Bubble Size measurement

Bubble size measurement was done by processing
some captured images of bubbles using image
processing toolbox in MATLAB R2010a. The camera
settings for capturing the bubbles are shutter speed
1/4000, and 1SO 3200. Tripod is used to stabilize
camera. Perforated black paper is patched to primary
water tank’s wall. It is used to keep the photos that
will collect, are from the same place. The bubble that
is measured from the photo is the bubble that
captured by camera near the ruler.

a) b) ¢ d) €) f)
Figure 3. Sequential process in image processing
a). Original Image. b) Grayscale image. c)
Background image d) Substracted image. €) Filtered
image. f) Binary image.

The outcome of every step of the procedure is shown
in the images of Fig. 3, and briefly described below,

Image conversion.

the original image which in RGB format was changed
into grayscale for the first step of the process. The
output image has 256 range grays level from 0
(black ) until 256 (white). After that, the image was
subtracted with the background image ( formatted in
grayscale ), the background image could be created
by two ways, the first one is created by capturing the
image when there are no bubble generated from
microbubble, the other ways is created by using the
function in Image processing toolbox on Matlab.

Image filtering.

Next step is filtering image to reduce noise in order
the image can be calculated easily. Gaussian filtering
as linear filtering is used.

Binary image conversion.

Conversion of a greyscale image to binary mode
consists in a reduction to two of the number of grey
levels of the original image: one corresponding to
black (0) and another corresponding to white (1)
(Mayor, 2007). In conversing the filtered image of
microbubble, some difficulties found in conversion
image to binary, because of the lightning from the
halogen lamp was not distributed uniformly along the
images. So, in order to converse the filtered images
into binary version, the level of grey which belong to
white and black was chosen manually by using “if
else” algorithm.
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Post processing images.

The bubble sizes distribution was measured by using
function in Matlab to measure the object diameter.
Bubble size is measuring by comparing the scale
between ruler and pixel photo. From the information
of the picture detail, the pixel value of 1mm ruler is
257 x 573. It means that the length of 1 pixel image is
3.89um. Bubble diameter is measured by converting
it from pixel scale to mm or um scale.
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Figure 4.Bubble size distribution under various Qg,

Figure 4. shows the total bubble sizes distribution in
different air supply rates and it only shows bubbles in
sizes 30um-250um. The increase of air supply rates
decrease the amount of bubbles in micro-sizes. The
more the air that sucks into microbubble generator
the lesser the bubbles in microsizes is produced.
These microbubbles were produced when the air flow
rate at 0.1-0.7 I/min, but the highest number of
microbubble was achieved when the air flow rate at
0.2 I/min.
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Figure 5. Bubble size distribution from three different
MBG at the same Qg and Q. condition.

Figure 5. Show that PO-1 generates more bubble in
micro sizes than the other. It also shows that bubble
with Slpm - 100um in diameter have the most
amount of bubble that is generated.

Pressure Distribution.

The pressure alongside the body inside MBG was
measured to analyze the performance of each MBG,
The primary variables that we observed to evaluating
the performance of microbubble generator were the
Pressure. Because the examined MBG are
microbubble generator cavitation type which using
the amount of pressure drop to generate microbubble
(Iriawan, 2013).

Iriawan (2013) was investigated the performance of
the MBG with spherical body within the generator
and found that, the more increasing the initial
pressure or the pressure drop inside the body, the
more microbubble generated.The experiments were
done based on the value of Q,_ from 1.6 m*hour to
3 m*hour , and Qg range remains the same ie from
0.11/minto 0.8 1/ min.
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Figure 7. dp againts Q.

Figure 6 and Figure 7 depict the relation between the
initial pressure (P,), the differential pressure (dp) and
the water low rate (Q,) respectively. From the figure,
PO-01 is higher than the initial pressure at PB-1 and
DB-1.1t’s happened due to the ratio between orifice
and pipe diameter. The orifice ratio in PO-01 is
smaller than the orifice ratio in other design. Small
ratio of the orifice produced higher pressure drop.
From the Figure 6 and Figure 7, the number of P, and
dp increasing with the increase of Q. respectively.
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Figure 8. Py against Qg

The vacuum pressure (Pp) decreases with the increase
of air supply (Qg) as showed at Figure 8. The vacuum
pressure at PO-1 is higher than other designs. The
value of water supply is 2m*hour. The value of
vacuum pressure at DB-1 is higher than PB-1.The
perforated area is affecting the ability of MBG to
sucks air. The perforated area at porous pipe (PB-1) is
larger than drilled pipe (DB-1). The air supply
increases with the increase of perforated area in pipe.
This is why the number of microbubble decreased
when Qg is increase.

Hydraulic power and Bubble Generator Efficiency.

Hydraulic power (L,) and bubble generation
efficiency (ys) used as the performance of
micro-bubble generator which is formulated by

Lw = (Pt pV'1a/2) Qu,

1B =pLg H Qc/Ly,

Hydraulic power (Ly) is defined as the

power needed by microbubble generator to
function. The lower the hydraulic power needed is
better, while bubble generation efficiency (ys) is the
energy received by the air from the water per unit time
to produce microbubble.
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Figure 9. Hidraulic power and bubble generation
eficiency againts water flowrate.

Figure 9. compares the hydraulic power and
the bubble generation efficiency against water
supply rate. L, increases with the increase of Q., on
the other hand, #g decrease with the increase of Q,.
The low efficiency means that most of the water
energy is not used to suck air, but is used to break the
air into a great number of microbubble

Dissolved oxygen

Dissolved oxygen (DO) is one of the quality water’s
parameter. The higher the wvalue of dissolved
oxygen showed, the better the water quality
produced. DO meter is used to collecting the DO data.
The data collect for every 10 minutes. The author
compares the ability of micro-bubble generator to
dissolve oxygen in the water by varying the air supply
for every micro bubble generator design in the same
water supply. In collecting DO data, The water
temperatures needs to observed to. Temperatures
affect the ability of water to dissolved oxygen. Types
of DO meter that used is using probe. DO meter that is
using probe, will showed the valid value of dissolved
oxygen if only the runoff water in primary water tank
is less than 0.3m/s. So those MBG have to turn off 15
seconds before DO data is collected.
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Figure 10. Dissolved oxygen againts time in different
size of bubble.

Figure 10. shows the ability of the bubble to
dissolved oxygen to the water. With the same Q, =
3.7 m3/hour, air supply for MBG is Qg = 0.3 I/min
for micro-bubble and Qg = 0.8 I/min for small bubble.
PB-1 is used to collect This DO data. The first 60
minutes, micro-bubble generator is in turn ON mode.
The last 60 minutes, MBG is in turn OFF mode.
From figure 4.23, in turn ON mode, the value of
dissolved oxygen by micro-bubble is a little bit
higher than small bubble. And for turn OFF mode,
the value of dissolved oxygen by
micro-bubble is also  higher than  small
bubble. This happened because microbubble has low
rising velocity characteristic so microbubble
dissolved oxygen longer than small bubble.
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Figure 11. Disolved oxygen againts time in various
MBG.

Figure 11. shows the ability of the bubble to
dissolved oxygen to the water. With the same Q_ = 2
m3/hour, air supply for microbubble is Qg= 0.2I/min
for each MBG. The first 60 minutes, MBG is in turn
ON mode. The last 60 minutes, micro-bubble
generator is in turn OFF mode. From figure 11, both
in turn ON mode, and turn OFF mode there are a
little bit different value of DO between those 3
designs of MBG because all of MBG produce
bubbles in micro-sizes.

Conclusions.

From the experimental result, it can be concluded that,
All of micro-bubble generator designs can generate
bubble in micro sizes, but The optimum design of
micro-bubble generator in producing micro-bubble
between those three designs is PO-1. Although it’s
required more power, but the result is equal.
Micro-bubble can hold the dissolve oxygen longer
than small bubble after the micro-bubble generator
turned off.
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