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Abstract. The paper presents the results of theoretical and experimental research performed on two liquids: 
1) drinking water from the Bucharest water-supply network; 2) water from Lake Plumbuita, peripheral to 
Bucharest city. A fine bubble generator (FBG) constructive solution is exposed; using a micro-drilling machine,       
Ø 0.5 mm orifices were made in the perforated plate of FBG. The experimental installation, designed in an 
original manner allows precise measurement of the increase in dissolved oxygen concentration in the water basin 
in function of time. The variation of the dissolved oxygen concentration in water, depending on the oxygenation 
process time, which occurs in non-steady state, is revealed.  
Keywords: fine bubble generator dissolved oxygen, water oxygenation. 

1. INTRODUCTION 

The amount of dissolved oxygen in water 
depends on the temperature, salinity and pressure 
[1]. Colder water contains more oxygen than warm 
water, fresh water has more oxygen than salt water 
and high-pressure water holds more oxygen than 
water under lower pressure.  

When the water contains the maximum amount 
of oxygen based on its temperature, salinity and 
pressure, is saturated [1].  

Dissolved oxygen is important for all aquatic 
environments.  

The level of dissolved oxygen (OD) suitable for 
fish is between 5.0 mg/dm3 and 9.0 mg/dm3.  

Clean surface water may contain dissolved oxy-
gen at saturation up to 14 mg/dm3 at a temperature 
of 0°C, and 7.63 mg/dm3 at 30 °C [2][3]. 

If the DO decreases below 3.0 mg/dm3, fish 
may die from lack of oxygen.  

If the DO rises above 9.0 mg/dm3, it can also be 
fatal to fish [4]. 

In figure 1 is observed 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 source has its own physico-
chemical and biological characteristics and varies 
from one region to another depending on the mine-
ral salts composition of the covered areas, contact 
time, temperature, climate conditions. 

 
 

Fig. 1. Dissolved oxygen in water. 
 

Two liquids were chosen for the study: 
1) drinking water from the water-supply network, 

because the experimental research results can be 
used to build hydroponic tanks, small and in-
dustrial aquariums; 

2) water from a lake, because the experimental 
research results can be used in aquaculture. 

2. THE OXYGEN TRANSFER SPEED  
IN WATER 

In the process of oxygenation of the water, the 
temperature influence oxygen regime, the dissolved 
oxygen concentration at saturation as well as the 
mass transfer coefficient. Water temperature directly 
influences the saturation concentration values [5, [6]. 

The dissolved oxygen transfer speed in water, 
depending on the temperature, is given by equation 
(1) correlated with to saturation concentration [7]. 
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where: a·kL is the volumetric oxygen transfer 
coefficient [s–1]; Cs – mass concentration of oxygen 
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in water at saturation [kg/m3]; C – current mass 
concentration of oxygen in water [kg/m3]; t – water 
initial temperature [ºC]. 

In order to achieve the theoretical research in the 
case of the two liquids the following were specified: 

∑ measured values: t and C0; C0 – initial dis-
solved oxygen concentration [kg/m3];    

∑ theoretical values: Cs = f(t)  
1) Drinking water: t = 24ºC: C0 = 3.12 mg/dm3, 

Cs = 8.3 mg/dm3,  
2) Lake water: t =  24 ºC; C0 = 2.08 mg/ dm3;  

Cs = 8.3 mg/ dm3. 
A computer program to solve equation 1 (using 

Runge-Kutta method) was constructed and the 
dissolved O2 concentration curves were determined. 

Following the computer program the curves in 
Figure 2 resulted. 

 

 
 

Fig. 2. The variation of dissolved O2 concentration in water 
function of time: C = f(τ): 

1 – theoretical results for drinking water at the temperature  
t = 24°C; 2 – theoretical results for lake water at the 

temperature t = 24°C. 
 

By analyzing Figure 2 it can be concluded that: 
the concentration of dissolved O2 in both types of 
water enters on a horizontally plateau in about the 
same time (τ ≈ 80 min).  

The initial dissolved O2 concentration in lake 
water was lower than the initial dissolved O2 
concentration in drinking water; as a result, there is 
a rapid oxygenation of the lake water in the first 
part of the process. 

3. THE EXPERIMENTAL STAND FOR FINE 
BUBBLE GENERATORS RESEARCH 

The experimental measurements were performed 
in a parallelepipedal tank with a square section; it 
is made of transparent plexiglass plates with a 
height of 1.6 m and width of 0.5 m.  

The tank was filled with water having a tem-
perature of 24 °C to a height H = 0.5 m. The air 
supply was performed using an electro compressor.   

The volumetric air flow rate of 600 [dm3/h] was 
measured by the rotameter and was instilled in the 
water through the orifices performed in the fine 
bubble generator plate.  

The air flow rate was chosen considering the 
data from the literature [8, 9, 10] for generating 
bubble in a dynamic regime.  

The orifices diameter used in this study was 
chosen according to the literature [7, 11, 12] 
Ø 0.5 mm, for generating fine gas bubbles [13]. 

 

 
 

Fig. 3. Fine bubble generator with Ø 0.5 mm orifice . 
 

The experimental stand (fig. 4) is equipped with 
modern devices placed on the panel 8:  

∑ high precision digital thermometer with ther-
mistor sensor; 

∑ digital differential manometer provided with 
a piezoresistive transducer; 

∑ polarographic oxygen meter probe and micro-
processor with digital display. 

The electro-mechanical mechanism (11, 12) is 
provided with a stepping motor.  

This mechanism allows an oxygen meter probe 
rotation in the water mass, with a speed of 0.38 m/s. 

The sketch of the stand used to performance the 
experimental research is presented in Figure 4. 

During the measurement, the pressure of the 
compressed air and the air flow rate were measured 
and kept constant in time. 

4. EXPERIMENTAL RESEARCH 

The experimental researches were performed on 
drinking and lake water having a temperature of 
24 ºC, in the laboratory of Department of Ther-
modynamics, Engines, Heat and Refrigeration 
Equipment’s, Faculty of Mechanical Engineering 
and Mechatronics.  

In Figure 5 one can observe the FBG in func-
tion. 

Tables 1 and 2 presents the experimental re-
searches conducted results on drinking and lake 
water having a temperature of 24 ºC. 

In the table, on columns, was noted: 
1 – measurement number; 
2 – oxygenation time [min]; 
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3 – measured dissolved oxygen concentration in 
water [mg/ dm3]; 

4 – air pressure entering the FBG [mbar]; 
5 – intake air pressure in the FBG [mmH2O]; 
6 – supply air volumetric flow rate in the FBG 

[dm3/h]; 

7 – pressure drop on FBG [mmH2O]. 
The hydrostatic load was 500 [mmH2O]. 
During dynamic conditions, air flows through 

the pipe (9) (fig. 4), inflows the FBG body and 
enters through the orifices in the water from the 
tank.  
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Fig. 4.  Sketch of the experimental setup for researches regarding water oxygenation: 
1 – electro compressor with air tank; 2 – pressure reducer; 3 – manometer; 4 –union for air exhaustion in the atmosphere;          

5– T-joint; 6 – rotameter; 7 – electrical board; 8 – measurement device panel; 9 – pipe for the transport of the compressed air  
to the FBG; 10 – water tank; 11 – mechanism for the probe actuation; 12 – oxygen meter probe; 13 – FBG; 14 – plant holder;         

15 – control electronics: a – supply unit, b- switch, c- control element. 
 
 
 
 
 
 
 
 
 

Fig. 5. Fine bubble generator  
in function. 

 
 
 
 
 
 
 
 

Table 1 

The values of the measured variables for drinking water 

1 2 3 4 5 6 7 
 τ 

[min] 
C  

[mg/ dm3] 
p  

[mbar] 
p  

[mm H2O] V


  
[dm3/h] 

∆p 
[mmH2O] 

1 15 4,85 57,20 583,44 600 24,92 

2 15 5,95 57,20 583,44 600 24,92 
3 15 6,92 57,20 583,44 600 24,92 
4 15 7,45 57,20 583,44 600 24,92 
5 15 7,77 57,20 583,44 600 24,92 
6 15 7,89 57,20 583,44 600 24,92 
7 15 8,12 57,20 583,44 600 24,92 
8 15 8,23 57,20 583,44 600 24,92 

Total 120  –   –   –  4800  –  
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Table 2 

The values of the measured variables for lake water 

1 2 3 4 5 6 7 

 τ 
[min] 

C  
[mg/ dm3] 

p 
[mbar] 

p 
[mmH2O] V



  
[dm3/h] 

∆p 
[mmH2O] 

1 15 3,95 57,20 583,44 600 24,92 
2 15 5,12 57,20 583,44 600 24,92 

3 15 6,17 57,20 583,44 600 24,92 
4 15 6,93 57,20 583,44 600 24,92 
5 15 7,46 57,20 583,44 600 24,92 
6 15 7,83 57,20 583,44 600 24,92 
7 15 8,10 57,20 583,44 600 24,92 
8 15 8,22 57,20 583,44 600 24,92 

Total 120  –   –   –  4800  –  
 

The air pressure at the input of the FBG body 
(p1) has to surmount the hydrostatic load, surface 
tension and pressure losses occurring at the air 
passing through the FBG:  
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If p1 is known, using this relation one can find 
the value of Δp. 
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where: H – height of the water layer above the 
FBG; H = 0.5 m; r0 –inner radius of a orifice;  
r0 = 0.25·10–3 m; σ – water surface tension coef-
ficient; σ = 7.3 · 10–2 N/m. 

The experimental measurements led to the 
following data: p1 = 583.44 mmH2O = 5723.5 N/m2. 

By replacing in (3), one obtains: 
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(4) 

Based on the data from Table 1 and 2, the 
curves C = f(τ) of Figure 6 are plotted. 

From Figure 6 one can be observed that, al-
though the initial dissolved O2 concentrations of 
the two liquids are different, the saturation con-
centrations are reached after 80 minutes in both 
cases, demonstrating the proper operation of the 
fine bubble generator. 

5. THE COMPARISON OF THEORETICAL 
RESEARCH WITH THE EXPERIMENTAL 
RESEARCH RESULTS 

The comparison of the results obtained by 
theoretical means with the experimental data is 

observed in Figure 7. 
 

 
 

Fig. 6. The variation of dissolved O2 concentration in water 
function of time, C = f(τ): 

1 – experimentally determined values for drinking water at the 
temperature t = 24°; 2 – experimentally determined values for 

lake water at the temperature t = 24°C. 
 

 
 

Fig. 7. The variation of dissolved O2 concentration in water 
function of time: C = f(τ): 

1 – theoretical results for drinking water at the temperature  
t = 24°C; 2 – theoretical results for lake water at the 

temperature t = 24°C; 3 – experimentally determined values for 
drinking water at the temperature t = 24°; 4 – experimentally 
determined values for lake water at the temperature t = 24°C. 
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From Figure 7 one can observed a satisfactory 
coincidence of the theoretical and the experimental 
results.  

The experimental determination of the dis-
solved oxygen concentration in water and the 
comparison of the obtained results, are part of a 
doctoral thesis [14]; many other research results 
from this PhD thesis will be published in future. 

6. CONCLUSIONS 

Analyzing the above figures the following 
conclusions are revealed: 

● The theoretical curves for both types of 
liquids are similar intersecting after 80 minutes of 
FBG functioning; 

● The curves determined from the experimental 
measurements results has an increasing aspect and 
intersects after about 90 minutes of FBG func-
tioning, highlighting the qualities of this type of 
fine bubble generator. 

● The pressure loss of the air passing through 
the FBG is much lower than the porous diffusers 
[15]; this leads to energy savings for operating air 
compressors. 

REFERENCES 

[1] Gh. Băran,I. Pincovschi, F. Bunea, Performance of fine 
bubble generators (in Romanian), Hidrotehnica Journal, 
vol.53, no. 3-4, 2008, pp. 27-32. 

[2] D. Robescu, D. L. Robescu, A. Verestoy, Processes 
reliability, wastewater treatment, plants and equipments 
(in Romanian), Technical Publishing House Bucharest, 
2002. 

[3] D. L. Robescu, S. Lanyi, A. Verestoy, D. Robescu, 
Modeling and treatment process simulation (in Ro-
manian), Technical Publishing House Bucharest, 2004. 

[4] L. D. Robescu, Biological Wastewater Treatment Plant 
process modeling (in Romanian), Politehnica Press 
Publishing House Bucharest, 2009. 

[5] *** U.S. Geological Survey, 2006, Collection of water 
samples (ver. 2.0): U.S. Geological Survey Techniques 
of Water-Resources Investigations, book 9. 

[6] *** Solubility of Oxygen vs. Temperature and Salinity, 
Insite Instrumentation Group, 2001. 

[7] Al. S. Pătulea, Influence of functional parameters and of 
fine bubble generators architecture on the efficiency of 
aeration plants (in Romanian), PhD Thesis, Faculty of 
Mechanical Engineering and Mechatronics, „Politeh-
nica“ University of Bucharest, 2012. 

[8] N. Băran, Gh. Băran, G. Mateescu, D. Besnea,  
Experimental Research Regarding a New Type of Fine 
Bubble Generator, Romanian Review, Precision Mecha-
nics Optics and Mechatronics, nr.36, 2009, pp. 25-31. 

[9] N. Băran, Gh. Băran, G. Mateescu, Research Regarding 
a New Type of Fine Bubble Generator, Revista de 
Chimie, vol.61, nr.2, 2010, pp.196-199. 

[10] N. Băran, Gh. Băran, G. Mateescu, D. Besnea, Experi-
mental Research Regarding a New Type of Fine Bubble 
Generator, Proceedings of The International Conference, 
1ST International Conference on Inovations, Recent 
Trends and Challenges in Mechatronics, Mechanical 
Engineering and New High-Tech Products Development 
MECHAHITECH’09 Bucharest, 2009. 

[11] I. M. Căluşaru, N. Băran, Al. Pătulea, G. Mateescu, 
Theoretical and experimental researches regarding 
the modification of dissolved oxygen concentration in 
stationary waters, Innovation and Collaboration in 
Engineering Research, România (INCER-2012) CD, 
Bucureşti, 2012. 

[12] I. M. Căluşaru, N. Băran, Al. Pătulea, Researches 
regarding the transfer of oxygen in water, The 3rd 
International Conference on Mechanic Automation and 
Control Engineering (MACE 2012) July 27th -29th,  
published by IEEE Computer Society CPS, and then 
submitted to be indexed by Ei Compendex, Baotou, 
China, 2012, pp. 2617-2620. 

[13] B. Tănase, D. Besnea, R. Mlisan, M. Constantin, 
N. Băran, Constructive solutions for the achievement of 
fine bubble generators based on micro-drilling technolo-
gies, IJISET - International Journal of Innovative 
Science, Engineering & Technology, Vol. 2 Issue 2, 
2015, pp. 46-50. 

[14] I. M. Căluşaru, The influence of liquid physical proper-
ties on the oxygenation processes efficiency (in Romanian), 
PhD Thesis, Faculty of Mechanical Engineering and 
Mechatronics, POLITEHNICA University of Bucharest, 
2014. 

[15]. Tănase., N. Băran, R. Mlisan, An Efficient Solution for 
Water Oxygenation, Asian Engineering Review, vol.1. 
no. 3, 2014, pp. 36-40. 

 




