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Abstract 
 

The design of a microbubble generator that has high efficiency and good performance is still a challenge today, especially for a large 

scale application. In this study, CFD simulation based on the transient operation was used to predict the characteristics of a fluid flow as 

a reference in the design process. To analyze the performance of the swirl flow microbubble generator, particle image velocimetry (PIV) 

was used to characterize the dimension and distribution of microbubbles. Based on the simulation results, CFD was able to visualize the 

mixing process and the fluid characteristics of the gas-liquid flow in a swirl flow microbubble generator. Air self-suction mechanism in a 

microbubble generator nozzle was successfully formed by a negative pressure in the central axis area of the nozzle due to a swirl flow of 

water. It shows that a swirl flow microbubble generator can work efficiently and doesn’t need any other devices to deliver air into the 

system. Based on the PIV measurement, the microbubbles were successfully formed with the radius averaged of 25 µm for both air mass 

flow rate of 0.25 l/min and 1 l/min. However, the smaller the mass flow rate of air, the more the number of microbubbles generated. 
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1. Introduction 

Since the last few years, microbubble technology has become an 

issue that attracts many researchers, because it has wide applica-

tions in various fields of science and technology, e.g. floatation 

and separation processes in mineral processing industry [1], oil-in-

water separation in oily wastewater treatment [2], separation in 

plastic recycling industry [3], pre-treatment process in palm oil 

mill treatment system [4], aeration of cell culture in stirred 

bioreactors [5], increasing dissolved oxygen in fish farm [6], 

growth promotion of living plants, fishes, and mice [7], and so on. 

Microbubble has unique physical properties such as its ability to 

be more stable in the liquid than the ordinary bubble and it has 

high levels of gas solubility in liquids. Microbubble is defined by 

the size of the diameter of the bubble which has a bubble diameter 

size between 10 and 50 µm [8]. There are several methods for 

generating microbubbles. Zipperian [9] uses a gas injection passed 

on a fine porous material, then reduces the pressure of the pressur-

ized fluid rapidly resulting in shear forces that produce microbub-

bles. In this system, it is very difficult to produce a bubble size 

with a fine size because the air bubbles will be pressurized and 

potentially will expand so that the size of the bubble will be en-

larged due to surface tensile at the time of the injection process 

and then require a large energy to inject air through a fine porous 

material. Iwaki et al. [10] use a porous rotating device in which air 

is inserted into water through the rotator to produce a cavitation 

due to shear force from the high rotation. However, this system 

will cause a large energy consumption to rotate the rotator with 

high rpm and require high operating and maintenance costs. Then, 

it will cause a problem if applied in the field of fisheries or the 

like, because it can injure or make fish die. 

The swirl flow microbubble generator is one of the efficient mi-

crobubble generating devices which potentially applied for indus-

trial scales in the large area applications. A swirl flow microbub-

ble generator consists of a cylindrical or conical part that will 

create a swirling liquid flow due to a pressurized water. Therefore, 

it will cause a negative pressure in the central axis of the cylindri-

cal or conical part. The gas will be automatically inhaled to the 

cylinder due to the negative pressure and the centrifugal force 

which are generated the fine bubbles due to high smashed and 

shears of the fluids at the outlet of the cylinder. Ohnari [11] devel-

oped a swirl flow microbubble generator that produced microbub-

bles with a diameter of not more than 20 µm for industrial scale. 

Takase and Tsutsumi [12] developed the dual-chamber swirl flow 

microbubble generator which has a simple configuration and port-

ability.  However, the design of a microbubble generator that has 

high efficiency and good performance is still a challenge today, 

especially for a large scale application. In recent years, many types 

of research are carried out experimentally that require huge costs 

and time, and very few reports that study the characteristics of 

multiphase flow for the applications of microbubble generation. 

The rapid development of computational methods has allowed the 

design process based on virtual prototyping technique which uses 

a numerical simulation to explore a mixing process of the two-

phase flow in microbubble generator. The numerical method 

based on computational fluid dynamic (CFD) simulation has been 

used and can be solved the problems of multiphase flow for sever-

al applications in the industry, such as: multiphase scroll pump 
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[13], pump-mix mixer [14], self-priming pump [15], liquid–gas jet 

pumps [16], and others. 

2. Methods 

In this study, CFD simulation was employed to characterize the 

gas-liquid flow in a swirl flow microbubble generator based on the 

unsteady multiphase flow problem. To analyze the performance of 

the swirl flow microbubble generator, particle image velocimetry 

(PIV) was used to characterize the dimension and distribution of 

microbubbles experimentally based on the image processing 

methods. 

2.1. A mathematical model for CFD simulation 

According to Huang et al. [15], there are two modeling techniques 

of multiphase flows analysis that particular uses for CFD 

simulation i.e. Lagrangian and Eulerian. The latter technique is 

able to simulate multiphase flows with a wide range of volume 

fraction which each phase is treated as interpenetrating continua. 

In this research, the multiphase flows problem was investigated as 

turbulently gas-liquid flow. Therefore, the Reynolds Average 

Navier-Stokes (RANS) equation was chosen for modeling 

turbulence and mixing process of gas-liquid flow in microbubble 

generator. In this case, the conservation equation for multiphase 

flow is based on the following equations [15][17]: 

Continuity equation:  

           (1)  

Momentum Equations: 

                                                                          (2) 

Phase stress-strain tensor: 

       (3) 

Reynolds stress tensor: 

        (4) 

Turbulent viscosity: 

            (5) 

Turbulent kinetic energy : 

                                                                         (6) 

Turbulent dissipation ratio : 

                                                                                       (7) 

where  is volume fraction of phase qth,  and  are bulk vis-

cosity and shear one.  is acceleration due to gravity.  is the 

coefficient of momentum exchange term for turbulent flows. 

, ,  are the lift force, external body force and virtual 

mass force, respectively. 

2.2. 3D Design & CFD simulation 

Design of swirl flow microbubble generator is firstly inspired by 

Hato [18].  In this research, a swirl flow microbubble generator 

was designed by two cylindrical chambers i.e. the inner and outer 

chamber, as shown in Fig. 1(a). The shape of the outer chamber 

was designed having the circumferential inlet which leads the 

liquid flowed in the circumferential direction to generate a swirl 

flow of fluid in the inner chamber. It would cause a negative 

pressure in the central axis of the inner chamber and the gas would 

be automatically inhaled into the inner chamber. In geometric 

modeling, ANSYS Design Modeler was employed to build a 3D 

model of swirl flow microbubble generator. The computational 

domains based on 3D model consisted of solid and fluid domains 

were built using ANSYS CFX and the latter tool was also used for 

mesh generation and CFD simulation. Tetrahedral elements option 

was chosen in the meshing of the fluid domain to adjust to the 

complex geometry of each part as shown in Fig. 2(b). The results 

of mesh generation of the fluid domain produced 75,765 elements 

and 15,539 nodes.  

 
                    (a)                                          (b) 

Fig. 1: (a) 3-D computational domains, (b) mesh generation for the fluid 
domain. 

2.3. Boundary conditions 

Before running the CFD simulation in ANSYS CFX, we firstly 

must set up the boundary condition. The transient simulation was 

chosen as an analysis type with the total time of 5 s and time steps 

of 0.05 s. In liquid inlet section, the inlet mass flow rate of the 

liquid was set respectively 50 l/min in accordance with the design 

conditions. In the gas inlet section, the air inlet pressure was set at 

1.0 atm, because the microbubble generator was designed to be 

self-suction of gas. Also, the pressure at the outlet section was set 

at 1.0 atm because the head pressure was below 1 m. In the 

governing equations according to section 2.1, the standard k-ɛ 

turbulence models for the two-phase flow simulation was chosen 

using the second-order upwind discrete scheme, the turbulence 

kinetic energy, and the turbulent dissipation ratio. While the heat 

transfer process was assumed as the homogeneous model and 

isothermal. 

2.3. PIV Measurement 

According to Ziegenhein et al. [19], microbubbles can be identi-

fied by using particle image velocimetry. This technique used 

microbubbles as particle tracers which are simple and inexpensive 

methods for reliable measurements in the multi-phase flow, there-

fore, microbubbles are possible to be characterized using PIV. In 

this study, microbubbles were detected by using particle image 

velocimetry (PIV). The PIV device arrangement consists of a digi-

tal camera, a laser diode with optical settings and a container 

which are shown in Fig.2.  

 
Fig. 2: Experimental setup of PIV measurement. 
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The steps of microbubbles characterization based on PIV meas-

urement which are shown in Fig. 3, consist of bubble generation, 

video recording of rising bubble movement, image sequence ex-

traction, particle (bubble) displacement calibration (pixels to mi-

crometers), particle displacements to velocity measurements, par-

ticle size estimation and bubble size distribution. The measure-

ment process was carried out using a window size of 16x16 pixels 

interrogation. The series of matrix values obtained from the pair-

ing image was the distance of microbubble displacement in pixel 

form. While the time used was the number of images per second 

when the recording was 25 fps (frame per second). Based on the 

equation in Stokes' Law used to obtain the radius of microbubble 

[19]: 

           (8) 

with  is the bubble rising velocity of the surface,  is the water 

density,  is the air density,  is the viscosity of the fluid,  is the 

acceleration of gravity and  is the bubble radius. According to 

Hato [18], the smaller the amount of mass flow rate, the smaller 

the size of microbubble and the greater the microbubble produced, 

therefore the experimental investigation using PIV was conducted 

in two conditions, i.e. mass flow gas of 0.25 l/min and 1 l/min to 

investigate the effect of mass flow gas on microbubble production. 

 

 
Fig. 3: The microbubbles characterization based on PIV measurement. 

3. Results & Discussions 

3.1. Distribution of two-phase flow 

Fig. 4 shows the contours of gas-liquid flow on the swirl flow 

microbubble generator in (a) 0.5 s, (b) 1.0 s, (c) 1.5 s, and (d) 2 s. 

The air volume fraction during the mixing process is described by 

the void fraction, in which α = 1 means pure gas and α = 0 means 

pure liquid. Gas in the suction pipe seems inhaled to the inner 

chamber at 0.5 s, because of a negative pressure in the central axis 

area due to swirling flow of liquid and starts exhausted from the 

outlet of the chamber at 1.0 s. It is indicated that the swirl flow 

microbubble generator is succeeded in working with self-suction 

mechanisms. Almost 30% of gas starts inhaled to the inner cham-

ber at 1.5 s and it is concentrated along the inner chamber and 

almost uniform from a suction pipe to the outlet at 2.0 s. It shows 

that a swirl flow microbubble generator works well on mixing the 

gas and liquid.  

 

  
(a)                                              (b) 

 

  
(c)                                            (d) 

Fig. 4: Gas-liquid two-phase contours on vertical planes (a) t = 0.5 s, (b) t 

= 1.0 s, (c) t = 1.5 s, and (d) t = 2.0 s. 

3.2. Gas-liquid flow field 

Fig. 6 (a) and (b) show the velocity vector of water and air at the 

time of 2 s. It shows that a swirl flow pattern is formed in the 

circumferential direction of the inner chamber due to the geometry 

of the liquid inlet. It will cause the negative pressure at the central 

axis of the inner chamber and the atmospheric gas will start to 

enter into the chamber. At this moment, the air superficial velocity 

reaches a maximum of 28.02 m/s which is approximately two 

times higher than the water superficial velocity of 11.11 m/s, 

because there is a difference of density between two fluids. The 

fluid velocity in both the outer and inner chamber is lower than the 

outlet of the system because the kinetic energy is converted into 

the pressure energy.   

 
(a)                                                          (b) 

Fig. 5: Vectors of the superficial velocity for (a) water and (b) air at t = 2.0 

s. 

3.3. Distribution of the pressure fields 

Fig. 6 (a) and (b) shows the pressure distribution of the swirl flow 

microbubble generator in 0.5 s and 1.5 s respectively. From both 

images, the pressure at the central axis of the inner chamber is 

gradually decreased in line with the increasing of time until it is in 

a state of vacuum at t =1.5 s. Therefore, the gas will be inhaled 

into the chamber by the self-suction mechanism. By a high speed 

and pressure, the fine gas bubbles will be generated due to high 

smashes and shears of the fluids at the outlet of the chamber. 

However, if we compare with former research [17], the swirl flow 

type is more efficient than the dual chamber types, because the 

negative pressure generated in the system is slightly higher, so the 

gas-liquid ratio can increase in the same boundary conditions. 

 

 
 (a)                                                       (b) 

Fig. 6: Pressure distribution on a vertical plane, (a) 0.5 s, and (b) 1.5 s. 

3.4. Measurement results of PIV 

The measurement results of PIV in the form of a video converted 

into an extracted sequence of images resulted in a 3-dimensional 

matrix. The size and distribution of microbubble using PIV are 

calculated based on the image pair matrix with an air mass flow 

rate of 0.5 l/min and 1 l/min respectively using a window size of 
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16x16 pixels interrogation. In the image processing with an air 

mass flow rate of 1 l/min produces 5,652 images and at an air 

mass flow rate of 0.25 l/min produces 5,232 images. Fig. 7 shows 

the bubble distribution and size of the 99-107 image pair matrix at 

the air flow rate (a) 1 l/min and (b) 0.25 l/min. The size of bubble 

radius both in the air mass flow rate of 1 l/min and 0.25 l/min 

average about 25 μm, but the number of microbubbles in the air 

mass flow rate of 0.25 l/min is higher than those of 1 l/min. This is 

in accordance with the results obtained by Hato et al. [18], where 

the smaller the mass flow rate gas, the smaller the size and the 

more the number of microbubbles generated. 

 
(a) 

 
(b) 

Fig. 7: The distribution and size of microbubbles in the image-pair matrix 

99-107 at air flow rate (a) 1 l/min and (b) 0.25 l/min. 

4. Conclusion 

Design and development a swirl flow microbubble generator using 

CFD simulation is able to visualize the mixing process and the 

fluid characteristics of the gas-liquid flow in a swirl flow 

microbubble generator. The swirl flow microbubble generator is 

able to dissolve a gas into the liquid by a self-suction mechanism. 

It means that a swirl flow microbubble generator doesn’t need any 

other devices to deliver air into the system. The fluid velocity in 

both the outer and inner chamber is lower than the outlet of the 

system because the kinetic energy is converted into the pressure 

energy. The air superficial velocity is two times higher than water 

superficial velocity because there is a difference of density be-

tween two fluids. By a high speed and pressure, the fine gas 

bubbles will be generated due to high smashes and shears of the 

fluids at the outlet of the chamber. Based on the experiment, a 

swirl flow microbubble generator able to generate the fine 

bubbles. The size of microbubbles from PIV measurement results 

for both the air mass flow rate of 1 l/min and 0.25 l/min was an 

average of 25 µm and could be categorized as fine bubbles. 

However, the number of microbubbles in the air mass flow rate of 

0.25 l/min was higher than those of the air mass flow rate of 1 

l/min. Therefore, the smaller the mass flow rate of air, the more 

the number of microbubbles generated. 
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