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Abstract. The paper presents the theoretical and experimental researches results on the functioning of 
a microbubbles generator fueled with low-nitrogen air. The sketch of a microbubbles generator provided with 
orifices of 0.1 mm performed through micro drilling is presented. The experimental installation comprises 
two oxygen concentrators which supplies a gas of the following volumetric molar concentration:

 
2 2

95%, 5%O Nr r  . The theoretical and the experimental results regarding the changes of the dissolved 

oxygen concentration in water are compared. 
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1. INTRODUCTION 

Water oxygenation is a fundamental process 
of thermodynamics, namely a process of mass 
transfer between air and water. The process is 
based on the oxygen transfer from the air or pure 
oxygen transfer directly into a mass of water. 

By using modern technologies for water 
oxygenation it is possible to reduce the energy 
consumption, which leads to high results of the 
oxygenation installations. 

As long as a volume of water (pool, lake and 
pond) has a shortage of oxygen towards the 
saturation state, it must be subject to process of 
oxygenation (aeration) [1] [2]. 

The transfer of oxygen from air into water is 
uneconomical due to low efficiency. The air 
contains 21% O2 and 79% N2, so the amount of 
nitrogen reduces water oxygenation results; by 
air compressing it consumes a lot of energy, 
which ultimately has a low efficiency. 

The aeration systems are effective when it 
generates fine gas bubbles (Ø <0.1 mm) to ensure 
a uniform distribution of the air which is 
injected in water. 

The oxygen transfer phenomenon is 
influenced by the following factors [3]: 

a) Oxygenation process gas dynamics 
b) The water temperature determining the 

oxygen concentration at saturation 
c) Water properties 
d) The water degree of turbulence. 
 
 
 
 

 
 
The paper presents a new type of 

microbubbles generators (M.B.G.) which 
compared to porous ceramics diffusers have the 
following advantages [4] [5]: 

- Provides a uniform distribution of air 
bubbles in the water mass; 

- All the bubbles emitted by the microbubbles 
generator have the same diameter; 

- The pressure loss at the air passage through 
this type of M.B.G. is smaller than at porous 
diffusers; 

- The orifices placement in different networks 
is imposed by the designer; this ensures a certain 
air flow rate for water oxygenation. 

Depending on the size of the gas bubbles 
emitted in the water mass, the bubble generators 
are classified as follows [6] [7]: 

a) Fine bubble generators emitting gas 
bubbles with a diameter D0 <1 mm; 

b) Medium-sized generators that provides gas 
bubbles with D0 = 1 ... 3 mm; 

c) Large bubbles generators with                       
D0 = 3...120 mm. 

Increasing the dissolved oxygen 
concentration in water can be performed by: 

A - Injection of atmospheric air in water 
B - Injection of atmospheric air and pure 

oxygen in water; 
C - Injection of ozone; 
D - Injection of atmospheric air with low 

nitrogen content. 
Only the point D will be studied in this paper. 
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2. THE THEORETICAL 
ESTABLISHMENT OF THE 

MODIFICATION OF THE DISSOLVED 
OXYGEN CONCENTRATION IN WATER 

 
The equation specifying the oxygen transfer 

rate in water [3] [8] is: 

 0L s

dC
ak C C
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where: 
akL - volumetric oxygen transfer coefficient 

[s-1] or [min-1] 
Cs - saturation concentration of dissolved 

O2in water to a certain temperature of the water; 
C0 - initial concentration of dissolved O2 in 

water. 
In this paper, for water oxygenation, air with 

low-nitrogen content is used (95% O2 and           

5% N2), and the saturation concentration is 
determined with the relation [1]: 

,
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where k ,,%” represents the volumetric 
concentration of oxygen in the gas injected into 
water. 

For t = 29oC and p = 760 torr, for air,           
Cs,air = 7.7 mg / dm3. 

3
2

95%
7,7 34,8 /

21%sC mgO dm               (3) 

As initial data are known:                        
C0 = 5.84 mg/dm3; 

2H Ot =24 oC; taer =29 oC;                  

Cs = 34.8 mg/dm3; τ = 90 min. 
Based on a computing program [9] in    

Figure 1, the function = f (τ) was plotted. 

 
Fig.1.  

2OC f  for air with low-nitrogen content

As can be seen in Figure 1 the oxygen 
dissolved concentration in water tends towards 
saturation concentration after a period of 90 
minutes. 

3. THE EXPERIMENTAL 
INSTALLATION PRESENTATION 

 
Figure 2 shows the installation scheme; the 

air delivered by the oxygen concentrators passes 

through the flow meters mounted on these and 
then enters the microbubbles generator. 

Each concentrator delivers air with low-
nitrogen content, 5 dm3/min, i.e. 300 dm3/h; the 
two concentrators provides a flow rate of           
600 dm3/h. This flow rate was chosen for the 
comparison of the results with previous 
researches. 
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Fig. 2. The installation scheme which introduces air with low nitrogen  content into M.B.G. 

1- oxygen concentrators; 2- flowmeters; 3- mixing chamber of the two streams of gas; 4- gas 
temperature measuring device with digital indication; 5- air supply pipe; 6 - rectangular water tank;    

7 - oxygenometer probe; 8 - gas pressure measuring device with digital indication; 9- the 
microbubbles generator with 152 orifices Ø 0.1 mm

The main elements of the experimental 
Installation are: 

a) The microbubbles generator 

b) The oxygen concentrator 
a) Figure 3 shows the constructive solution 

of the microbubbles generator. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 3. Microbubbles generator 
1 - compressed air tank; 2 - sealing gasket; 3 - orifice plate; 4 - pipe Ø 18 mm with 

compressed air; 5 - connection for measuring the air pressure in the tank; 6 - screws for fixing the 
perforated plate to tank framework 

 
Figure 4 shows in detail the orifice plate. 
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Fig. 4. M.B.G. perforated plate  
a) plan view; b) cross section view 

To achieve the orifices in the plate (Figure 
4), a channel depth of 3 mm and 304 mm long 
was created; the air outlet orifice has a thickness 
of 2 mm. Subsequently, using a special machine 
that has C.N.C for microdrilling, type KERN 
Micro 152 holes Ø 0.1 mm were performed into 
the  channel. This machine has an accuracy of       

± 0.5 micrometres which ensured the creation of 
a M.B.G. which constitutes an original 
constructive solution. 

b) The oxygen concentrator 
An overview of the oxygen concentrator be 

observed in Figure 5. 

1

2

3

4

 
Fig. 5. Oxygen concentrator 

1- the device body; 2 -flowmeter; 3- on-off button; 4 - the gas outlet connection 

The device operates as follows: the sucked 
atmospheric air is compressed by an 
electrocompressor and discharged towards the 
filters with zeolites; here the nitrogen is retained. 

The technical characteristics of the device 
are: 

- Oxygen flow rate 5 dm3/min 
- Oxygen output pressure: 38 kPa 
- Supplied oxygen concentration: 93% ± 3 

- Electrical technical data: 220-230 V~,        
50 Hz, 1.7 A 

- Consumption: 300 Watts 
- Sound level: 30 dbA ~ 45dBA 
Environmental conditions for best 

performance: 
- Operating temperature: 10 ~ 40 ° C 
- Storage temperature: - 20 ~ + 70ºC 
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- Alarms for the oxygen flow, oxygen 
concentration and the power source 

- Humidity: up to 95%, non-condensing 

Figure 6 shows a general view of the 
experimental installation. 

 

 
Fig. 6. The experimental installation that produces low-nitrogen air 

In Figure 6, on the left side, one can observe 
the two oxygen concentrators connected in 
parallel, and in the right side, the water tank; the 
two pipes are inserted in the tank which supplies 

the compressed air to the microbubbles generator 
located on the foundation plate of the tank. In the 
tank, the oxygenometer  probe can be observed. 

 
Fig. 6. The microbubbles generator in operation 
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The  methodology researches is as follows: 
1) the tank is filled with water up to            

H = 0.5 m. 
2) tair and the initial concentration C0 of the 

dissolved O2 in water [mg / dm3] is measured. 
3) the two oxygen concentrators starts 

ensuring 3600 /V dm h


 . 
4) the M.B.G. is introduced in water and the 

air pressure within the microbubbles generator 
body is measured. 

5) the measurements begin at the Δτ = 15 '. 
 

4. THE EXPERIMENTAL 
RESEARCHES RESULTS 

 
Following the experimental researches the 

data in Table 1 resulted. 

Table 1. Experimental results for the function  
2OC f  . 

τ  [min] 0 15 30 45 60 75 

2H Ot [oC] 24 24 24 24 24 24 

taer [
oC] 29 29 29 29 29 29 

Cs [mg/dm3] 34.8 34.8 34.8 34.8 34.8 34.8 

C [mg/dm3] 5.84 20.62 27.74 31.27 33.05 33.95 

Based on data from Table 1 the curve  
2OC f   in Figure 8 was plotted. 

 
Fig. 8. Graphical representation of the function  

2OC f   

  
The function  

2OC f  resulted based on 

theoretical data is compared to that 

experimentally determined. This comparison can 
be seen in Figure 9. 
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Fig. 9. Graphical representation of the function  

2OC f 
 

1- the curve drawn based on theoretical data; 2- curve drawn based on experimental data 

From Figure 9 one can observe a good 
coincidence between theoretical and 
experimental results. 

By introducing air with low-nitrogen, the 
following advantages are obtained: 

- the oxygenation time is reduced, ie, the 
saturation concentration is reached in a shorter 
time. 

- energy savings are obtained; the oxygen 
concentrator produces a gas with high oxygen 
content. 

The theoretical and experimental results are 
similar to those obtained in the literature 
regarding the water oxygenation 
[11][12][13][14]. 

 
5. CONCLUSIONS 

 
1. The design and the construction of a 

microbubbles generator that has an orifice plate 
with Ø 0.1 mm constitutes an original solution in 
the field of water oxygenation. 

2. From the gas mixtures used to increase 
the dissolved oxygen concentration in water 
results that the use atmospheric air with low-
nitrogen  content is an effective solution. 

3. As higher the oxygen content in the gas 
mixture instilled in water, the lower the 
oxygenation process time. 
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