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1. Introduction 
 
In water treatment and purification processes, 
aeration is the basic operation in ensuring proper 
water quality. Aeration is used in the following 
areas: 
 in water treatment processes for the removal of 

dissolved inorganic substances or chemical 
elements such as iron, manganese, etc., by 
oxidation and formation of sedimentable 
compounds or which may be restrained by 
boiling; 

 in the biological treatment of wastewater either 
by the activated sludge process or bio filters; 

 in the processes of disinfection by ozonisation 
of raw water taken from a source for the 
drinking purpose; 

 -in separating and collecting emulsified fats 
from wastewater. 

Water aeration is a mass transfer process with 
wide application in water treatment. The aeration 
equipment’s are based on the dispersion of one 
phase into the other, for example, gas into liquid, 
consuming energy. Dissolved oxygen is an important 
parameter in assessing water quality due to its 
influence on living organisms in a volume of water. A 
height or low dissolved oxygen level can affect water 
life and quality [1]. Non-compound oxygen, or free 
oxygen (O2), is the oxygen that is not bound to any 
other element (Figure 1). Dissolved oxygen is the 
presence of those free O2 molecules in water. The 
water-bound oxygen molecule (H2O) is a compound 

and is not considered in the determination of the 
dissolved oxygen level [2]. 
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Figure 1: Dissolved oxygen in water 

 
In figure 1 one can observe that oxygen appears 

in two forms: 
-   O2 bounded to H2; 
-   free O2 called dissolved oxygen in water; 
The solubility of oxygen in water depends on the 

temperature, pressure, the size of the air-water 
contact surface and its turbulence. Any type of water 
sourse has its own physic-chemical and biological 
characteristics and varies from one region to anther 
depending on the mineral salts composition of the 
covered areas, contact time, temperature, climate 
conditions. 

Dissolved oxygen is required for many life forms, 
including fish, invertebrates, bacteria and plants. 
These organisms uses oxygen in breathing. Fishes 
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and crustaceans obtain oxygen for breathing through 
their gills, while plants and phytoplankton need 
dissolved oxygen for breathing, when there is no 
light for photosynthesis [3]. The amount of dissolved 
oxygen required varies from life to life. Crabs, 
oysters and worms require minimal amounts of 
oxygen (1 ÷ 6 mg / dm3), while fishes in shallow 
water need a higher level (4 ÷ 15 mg / dm3) [4,5] .  

Dissolved oxygen enters into water from the air 
or as a by-product of the plant. Oxygen can diffuse 
slowly on the surface of the surrounding water, or it 
can be rapidly mixed by aeration, either natural or 
man-induced [6]. Water aeration can be caused by 
wind (creating waves), waterfalls or other forms of 
running water. There are a variety of water aeration 
modes [1,2,3]. 

They fall into the following categories: 
a) natural aeration; 
b) surface aeration; 
c) underground aeration. 

There are a number of techniques and 
technologies available for the three categories [2,3]. 

 

2. Presentation of the Fine Bubble 
Generator 

 
In a fine bubble generator (FBG), the air dispersing 
element in water may be a flat plate with orifices 
(Figure 2) or a disc with orifices (Figure 3). 
 

 
Figure 2: Processed plate 

 

 
Figure 3: Disc with orifices 

 

The essential element at a FBG is the disk with 
orifices (Figure 3) which has to fulfill the following 
conditions [7]: 
(a) to be resistant to the action of the liquid it comes 
into contact with (waste water, water of a particular 
pH); 
(b) to allow a uniform air distribution with low 
pressure losses; 
(c) to be easily processed; 
(d) to exhibit a high mechanical strength sufficient to 
withstand the weight of a water column of 4 ÷ 5 m. 

The assessment of the air pressure loss through 
the perforated disk is as follows: 

The orifices in the perforated disk will be 
assimilated with n parallel capillary tubes. The 
pressure loss for an orifice will be calculated as 
follows [8,9]: 

2
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                                                               (1) 
Relation where the sum of the local pressure loss 
coefficients is made up of sudden section variations 
[10]:  

-  the entrance into the orifice: 0( 3 ) : 0.5is d  
 

-  the exit from the orifice: 0( 3 ) : 1.0is d  
 

So 
1.5i   

The air density will be calculated considering an 
overpressure given by the height of the water in the 
tank (h). For an orifice with diameter d0 an airflow 
through the orifice results: 
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whereV


 is the air flow measured at a rotameter and 
divided by the number of orifices. 

Figure 4 shows the disc with Ø 0.1 mm orifices. 
 

 
(a) 
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(b) 

Figure 4: Box containing the orifices plate: 
(a) - view; (b) - cross section 

1 – the  box body; 2 - gasket; 3 - disc with five orifices 
Ø 0.1 mm; 4 - safety ring; 5 - nut; 6 - orifices; 

7 - Ø 0.1 mm orifices 
 

3. The Technology for the Execution of 
the Orifice Disc 

 
The circular plate has orifices obtained by micro 
processing of mono-crystalline silicon that allows 
the production of cavities of different shapes, opened 
or closed orifices of flat / profiled membranes, of 
elastic elements such as lamellar springs or double 
plane spirals springs. 

The production of these forms is based on wet, 
selective, anisotropic chemical erosion and with 
influenced form by controlled doping of the material 
from which they are made. Selectivity and 
anisotropy are exploited in the process of 
manufacturing microstructures in the sense that 
materials of structuring layers and attack solutions 
can be "selected" so that the actions are convergent 
or divergent; based on the recognized anisotropy of 
the crystalline materials, the corrosion tendency may 
be accentuated or diminished by the proper 
orientation of the crystal. 
 

 
                    A                                                     B 
Figure 5: The structure obtained by chemical erosion 
on a silicon wafer of 320 μm thickness, face A and B 

 
A 3D printer based on FFF (Fused Filament 
Fabrication) technology, Figure 6, was used to 
construct the support disk with orifices for the 
silicon plate with the following technical features: 

- Print volume: 4.9 l 
- Layer thickness: 0.1-0.5 mm 
- Z-axis positioning precision = 2.5 μm, X, Y-

axis = 11 μm 
 

 
Figure 6: 3D printer based on FFF (Fused Filament 

Fabrication) technology 
 

Processes based on material extrusion use a wire 
of various materials (PLA, ABS), which heats up to a 
temperature a few degrees below the melting 
temperature, then reduces its diameter to 0.12-0.15 
mm by extruding it in a depositing device, a device 
that moves in the XOY plane to materialize a section 
of the virtual model. This manufacturing process is 
based on heating the material to be deposited to its 
melting point and then depositing the melted 
material where it is needed to build the desired 
pattern.  

The key of the process is to rigorously control the 
temperature at which the material is heated and 
maintained during deposition. The heating of the 
ABS wire is carried out at a temperature of 250 °C or 
PLA at 215 °C, where the material is in a semi-liquid 
state and can be extruded through a very small 
diameter nozzle (0.254 mm or 0.127 mm). The 
nozzle through which the plastic material is 
extruded, which is in the semi-liquid state, can be 
moved together with the heating head on which it is 
fastened. 

This movement is done in the XOY plane, the 
movement being numerically controlled by a 
computer. The piece under construction is on a 
vertically moving platform, along the Z axis, also 
controlled numerically by the machine control 
equipment. 

In this way, a piece can be made by depositing 
material where the configuration of the piece in 
question requires it. It is important that the time of 
materialization of a virtual model in a physical model 
is very short, compared to conventional 
manufacturing processes [7]. 

In order to increase the productivity, the 
supports are built with a lamellar structure. In this 
way, less material is consumed for supports, and 
they can be more easily separated from the piece 
material. 

The extrusion process (FFF) is widely used in a 
wide range of industries: automotive, aerospace, 
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consumer products, marketing, medicine, 
architecture, and so on. 

The advantages of the process are given by the 
possibility of direct realization of the functional parts 
of ABS and PLA, differently colored materials. Pieces 
manufactured by FFF systems are also used 
indirectly as master models for the production of 
flexible tools for the manufacture of metallic or non-
metallic parts in individual or small series 
production. This is the use of wax models for casting 
with light fusible patterns, ABS models for the 
manufacture of rubber molds and metal spraying 
matrices. 

The advantages of FFF systems results from the 
fact that the manufacturing process does not 
produce much waste material, it uses cost-effective 
materials, and FDM systems are easy to use and do 
not require special installation and operating 
conditions. 

The disadvantages are due to the lower quality of 
the processed surfaces, mainly because of the scale 
effect, the lower accuracy (0.1-0.2 mm) and the 
relatively small size of the parts that can be 
manufactured. 

The steps of the technological process are shown 
in Figures 7 and 8 through 3D design using dedicated 
software package of the lower and upper supports 
respectively for silicon wafer and saving the .stl files. 
[11]. 
 

 
Figure 7: Designing the CAD model  

of the fine bubble generator 
 
 

 
a 
 

 
b 

 

 
c 
 

 
d  

Figure 8: Support execution for the silicon plates 
obtained by bulk micromachining technology: 

a-bottom support plate of  the plates  
obtained by FFF technology; 

b-bonding the silicon plates to the support plate; 
c-bonding the top cover; 

d-capsulation of the fine bubble generator 
 
 

 
Figure 9: General view of the fine bubble generator: 

 1 - compressed air supply pipe;  
2 - the body of the fine bubble generator;  

3 - the encapsulated fine bubble generator;  
4 - sealing nut 
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After the perforated plate is manufactured, it is 
inserted into the box; the box is mounted inside the 
FBG and it is fixed to the lower end in the 
compressed air supply pipe Figure 10. 

 
 

Figure 10: The fine bubble generator body 
a - view; b - cross section; 1- truncated body with 

threaded bottom; 2 - gasket; 3 - box; 4 - tightening nut 
 
In Fig. 10 for the box (3), the component parts are 

not detailed because it is represented in figure 4. The 
nut (4) is threaded on the truncated body (1) by 
tightening it secures the box (3) to the rubber gasket 
(2) preventing the air from penetrating into the 
water through orifices other than those in the disk. 
 

4. Experimental Researches on the Fine 
Bubble Generator 

 
Figure 11 shows the scheme of the experimental 
installation for the injection of atmospheric air into 
water. 

PTAer

1 2 3 4

5 6 7

8

 
Figure11: Sketch of the experimental installation for 

the injection of atmospheric air into water 
1 - air compressor; 2 - thermometer;  

3 - manometer; 4 - rotameter; 
5 - microbubbles generator feed pipe;   

 6 - parallelepiped water tank; 7 – oxygenometer 
probe;  8 - microbubbles generator with 152 orifices Ø 

0.1 mm 
 

The measurement of dissolved oxygen in water is 
carried out with an oxygen meter whose operation is 

based on an electrical method; the oxygen meter is 
equipped with a probe (7) which during the 
measurement process performs a rotation 
movement at a velocity of 0.3 m / s [12]. 

 

5. Research Methodology and the 
Experimental Obtained Results 

 
The measurements involve the following steps: 
1. Verification if the 5 orifices are working, i.e. the air 
is introduced into the fine bubble generator; 
2. The tank filling with water up to H = 500 mm H2O; 
3. The measurements of C0, tH2O, tair; 
4. The introduction of the fine bubble generator and 
the time notation (τ); 
5. The removal of the FBG every 15 minutes outside 
the tank, and the measurement of the dissolved 
oxygen concentration. 
6. When a horizontal plane of function C = f (τ) is 
reached, the measurements stops with the condition: 
C ≈ Cs; 
7. From previous research [13, 14], the 
concentration of dissolved oxygen in water tends to 
saturation after a two-hour period. So, the oxygen 
concentration will be measured at times: 15 
minutes; 30 minutes; 45 minutes; 60 minutes; 75 
minutes; 90 minutes; 105 minutes; 120 minutes. 
8. At the end of the measurements, the oxygen probe 
is cleaned and the water from the tank is emptied. 
Figure 12 shows a general view of the experimental 
plant. 
 

 
Figure 12: Experimental installation 

 
Figure 13 shows the operation of the fine air 

bubble generator. 

 

Figure 13: Fine air bubble generator in operation 
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From figure 13 we one can observe that an air 
bubbles curtain rises from the FBG body. By using 
this FBG, within two hours, the dissolved oxygen 
concentration in water evolves as follows: 

- Initial concentration: C0 = 5.84 mg / dm3; 
- Final concentration: C = 8.39 mg / dm3. 

For twater= 23.7oC the saturation concentration 
value is Cs = 8.4 mg / dm3; as a result the 
experimental obtained results are satisfactory. 
 

6. Conclusions 
 
It is known from the literature [13, 14] that water 
aeration is even more effective if the diameter of the 
air bubbles is smaller. 
The use of additive technologies solves this problem 
in the sense that it creates orifices with  Ø<0.1 mm. 
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