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Rezumat. În lucrare se prezintă influenţa creşterii concentraţiei de oxigen dizolvat în apă asupra randamentului 
procesului de oxigenare a apei. Se integrează numeric ecuaţia diferenţială a vitezei de transfer a oxigenului 
dizolvat în apă cu metoda Euler; se elaborează un program de calcul pentru stabilirea creşterii concentraţiei de 
oxigen dizovat în apă în funcţie de timp. Rezultatele obţinute din calcul sunt comparate cu valorile mărimilor 
măsurate experimental.   
Cuvinte cheie: oxigen dizolvat în apă, viteza de transfer a oxigenului. 

Abstract. The paper presents the influence of the increase of the dissolved oxygen concentration on the 
efficiency of the water oxygenation process. The differential equation of the transfer speed of the dissolved 
oxygen is numerically integrated using the Euler method; a software application is written in order to establish 
the manner in which the dissolved oxygen concentration increases in function of the time. The computed results 
are compared with the values of the experimentally measured values.   
Keywords: dissolved oxygen, oxygen meter. 

1. INTRODUCTION 

Oxygen dissolved in water is known as 
dissolved oxygen (fig. 1) and is conventionally 
measured in mg O2/l.  It can be noticed from figure 1 
that: every molecule of water consists of a 
molecule of oxygen connected to two molecules of 
hydrogen (black sphere coupled to two white 
spheres). Oxygen molecules (black spheres) that 
constitute the dissolved oxygen can be found among 
water molecules [1]. The maximum quantity of 
oxygen that can be dissolved in water depends on a 
number of physical and chemical parameters [2]‐
[4]:  atmospheric pressure or pressure exerted on 
water, water temperature, water salinity, water 
clearness etc. 

Water temperature represents an important 
parameter: warmer the water, less concentration of 
dissolved oxygen. 

Therefore: 
 – at t = 10oC fresh water can absorb up to 

11.3 mg O2/l; 
– at t = 25oC only 8.3 mg O2/l are absorbed. 

The parameters leading to the decrease of the 
dissolved oxygen concentration are: high temperature 
of water, ice, oil pollution of water, detergents, 
water depth etc. 

Water oxygenation processes can be found in 
treatment and purification plants for residual 
waters, in food industry and fishing farms. 

 

 
 

Fig. 1.  View of the molecular structure:  
dissolved oxygen. 

2. THE EFFICIENCY OF THE WATER 
OXYGENATION PROCESS 

It is known from specialty literature [4] that the 
efficiency of the water oxygenation is defined as 
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ratio between the oxygen dissolved in water and 
the oxygen introduced in water: 
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where: V is the volume of the water subjected to 
oxygenation [m3]; 

2Om  – flow rate of the oxygen 

introduced in water [kg/s]; 
d

d

C


– transfer speed of 

the dissolved oxygen [kg/m3·s-1]; aKL – mass 
transfer volumetric factor [1/s]; Cs – mass 
concentration of the component transferable at 
saturation (equilibrium) in the liquid phase 
[kg/m3]; C – current mass concentration of the 
component transferable in the liquid phase [kg/m3]. 

The oxygen transfer speed influences the con-
centration of the dissolved oxygen and affects the 
efficiency of the oxygenation process. 

The oxygenation performance can be esta-
blished in two situations: 

I) In stationary conditions, the amount of 
oxygen introduced in the tank is equal to the amount  
of oxygen consumed by the fishes and other cre-
atures living in water; in this case dC/dτ = ct, the 
transfer speed of the dissolved oxygen is constant. 

Thus in the case of stationary conditions the 
oxygenation efficiency is constant. 

II) In the case of non-stationary conditions a 
quantity of air (thus O2, 21%) is introduced in the 
water during the process. The concentration of 
dissolved oxygen varies in time, namely increases. 

In the case of non-stationary conditions, the 
oxygenation efficiency will be: 
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Thus in the case of non-stationary conditions 
the oxygenation efficiency varies in time. 

3. SOFTWARE FOR COMPUTING THE 
INCREASE OF THE DISSOLVED OXYGEN 
CONCENTRATION IN FUNCTION OF THE 
DURATION OF THE OXYGENATION 
PROCESS 

3.1. Formulation of the problem 

The transfer speed of the oxygen dissolved in 
water is given by [3]: 
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(4) represents an ordinary differential equation 
that will be solved using one of the numerical 
integration methods [6]. 

From the mathematical point of view, the 
problem can be formulated as: 

Given the coordinates of a initial point (x0,y0) 
and the differential equation: 

  '( ) ( , )y x f x y    (5) 

it has to be established the function y(x) that passes 
through the initial point and whose derivative is 
expressed by (5). 

The numerical solution of the problem consists 
of the computing of a number of points 
y1,y2,y3,...,yn that approximate the real values y(x1), 
y(x2), y(x3), ...,y(xn) of the integral curve y=f(x) that 
passes through the initial point (x0,y0). 

The values yi are computed in the abscissa 
points x1,x2,x3,...,xn that are equally spaced: 

     1i ix x h       (6) 

where:  h is the integration step. 
There are a number of numerical methods used 

for the integration of the ordinary differential 
equations [6]:  the Euler method, the Runge-Kutta 
method, the Adams-Bashford method, the Milne 
method,  the finite differences method etc. 

The Euler method is briefly presented on-
wards, with references to the function of interest 
C = f(τ). 

The Euler method consists of keeping the first 
two terms from the Taylor series expansion: 
 1 'i i iy y h y      (7) 
or: 
  1( ) ( ) '( )i i iy x y x h y x     (8) 
Because '( ) ( , )y x f x y it can be written that: 

   1 ( , )i i i iy y h f x y     (9) 
 This relation belongs to the method of separate 

steps and explicite algorithm. 
The Euler relation is easy and can be con-

veniently applied. 
Given the coordinates of the initial point (x0, y0) 

and the value of the step h, the next point is 
obtained: 
 1 0 0'y y h y    (10) 

where: 0 0 0' ( , )y f x y  
Similarly it can be written that: 

  2 1 1'y y y h    (11) 

where: 1 1 1' ( , )y f x y . 
A series of new points representing the curve of 

the approximated integral of the equation 
' ( , )y f x y  is thus obtained. 
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For the problem studied in figure 2 one can 
notice that: 
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Fig. 2. The numerical integration of ordinary differential 
equations using the Euler method. Computing notations:  

■ – points on the curve C = f(τ);   ● – points on the integral 
curve (x1,y1)→(x1,C1);  

(x2,y2) → (x2,C2). 
 

The step h must be small enough to guarantee 
an appropriate computation accuracy. 

3.2. Computation algorithm 

In order to theoretically establish the increase of 
the dissolved oxygen concentration in function of 
the duration of the water oxygenation process, one 
must know the following values: 

– the initial oxygen concentration for a given 
water temperature t = 19oC, C1= 5.12 mg/l; 

– the saturation concentration Cs = 9.2 mg/l for 
the same water temperature; 

– the integration step: it is estimated that the 
duration of the experimental research will be of 
about two hours; a step value of: h = 1 min 
(n = 121) is chosen; Δτ = 120 min. 

From specialty literature [6], for a flow rate 
of blown air of 540l/h, kept constant, a value of 
aKL = 0.09 is adopted (fig. 3);  the researched 
porous diffuders produce fine air bubbles like the 
studied FBG. 

The first value will be computed in order to 
check the computation accuracy: 

 

 2 1 1( )L sC C ak C C h      (16) 
 

meaning that for (i=1): 
 

 2 5.12 0.09(9.2 5.12) 5.48 mg/lC h      (17) 

 
 

Fig.  3. Variation of aKl 20 in function of the air flow rate in 
standard conditions; porous diffuders �50 mm: 

♦ ceramics; ■ glass. 

3.3. The logical scheme for the numerical 
integration of the differential equation  
of the oxygen transfer speed 

The scheme is based on the Euler method with 
separate steps and explicite algorithm (fig.4.). 

 

 
 

Fig. 4. The logical scheme for the numerical integration of the 
differential equation of the oxygen transfer speed. 

 

The set of data points obtained by applying this 
software is presented in figure 6. 

3.4. Experimental research 

 For an air flow rate of 540 /V l h  and an air 
pressure of p=611 mmH2O, kept constant in time, 
O2 concentration was measured each 15` (fig.5). 
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Figure 6 presents a comparation between the ex-
perimental and the computed results. 
 Figure 6 proves a satisfying coincidence of the 
computed data and experimental results. 

4. Conclusions 

1. The Euler integration method of the diffe-
rential equation of the dissolved oxygen transfer 
speed is easy to apply. 

2. The theoretical and experimental results prove 
a satisfying coincidence. 

3. The obtained results show that in non-sta-
tionary conditions the dissolved O2 concentration 
in function of the oxygenation process duration (τ) 
strongly increases in the first minutes and stabilizes 
at an almost horizontal level after about two hours. 

 

 
 

Fig. 5. Sketch of the experimental setup:  
1 – energy meter; 2 – compressor; 3 – manometer;  

4 – pressure reducer; 5 – rotameter; 6 – digital thermometer;  
7 – digital manometer; 8 – transparent plexiglass tank; 

9 – carrying rod of the oxygen meter probe; 10 – device for 
rod driving; 11 – connection cable between the probe and the 

oxygen meter; 12 – oxygen meter probe; 15 – separation plate; 
16 – fine bubble generator (FBG); 17 – support plate;  

18 – compressed air pipe; 19 – valves for regulating the air flow to 
FBG; 20 – branch pipe; 21 – valves for regulating the discharged 

air flow; 22 – closing valve; 23 – compressed air tank.. 

 
 

Fig. 6. Concentration of the dissolved oxygen in function of 
the duration of the oxygenation process: 

1 – theoretical values; 2 – experimental values. 
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