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Abstract  The paper justifies the need for measuring the concentration of oxygen dissolved in stationary waters; in order 
to perform accurate measurements, the oxygen probe must be displaced inside water with a speed greater than 0,3 m/s. The 
performed experimental researches proved the accuracy of probe displacement and the reliability of the driving mechanism. 
The constructive solution of the driving mechanis m, its functioning and the results of the performed measurements are ex-
posed. 
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1. Introduction 
An important indicator of the water quality is the quantity 

of dissolved oxygen[1,2]; among water molecules there are 
oxygen molecu les that constitute the dissolved oxygen. 

Oxygen dissolved in water is known as dissolved oxygen 
DO (fig.1) and is conventionally measured in mgO2/l. 
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Figure 1.  View of molecular structure: dissolved oxygen 

Oxygen molecules that constitute the dissolved oxygen 
DO can be found among water molecules[2,3]. 

The maximum quantity of oxygen that can be dissolved 
(absorbed in water) depends on a number of physical and 
chemical parameters[4] atmospheric pressure or pressure 
exerted on water: 

1) water temperature;  
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2) water salinity (amount of salts in water);  
3) water clearness. 
The aeration is used[5]: in water treatment processes, in 

order to eliminate dissolved inorganic substances or chemi-
cal elements as iron, manganese etc. by oxidation  and for-
mat ion of sedimentable compounds or compounds that can 
be retained through boiling; for the biologic purificat ion of 
wastewaters by the active mud process or in biofilters; in the 
disinfection by ozonization of crude water captured from a 
source in order to convert it  into potable water; during se-
paration and collecting emulsified greases from used waters. 

DO concentration in water can be measured by a number 
of methods [6]: 

a) chemical methods; 
b) electrical methods; 
c) optical methods. 
A high content of DO must be preserved in the fish farms; 

if the DO level decreases below 2 mg/l, the fishes start to 
suffocate. Therefore the need of measuring the content of 
DO in basins or tanks appears. The measurement of DO 
concentration is performed using chemical, electric or opti-
cal methods.  

A process of DO measurement using an oxygen meter 
endowed with a polarographic probe, belonging to the class 
of electrical methods, will be presented in continuation. 

The oxygen meter manufactured by Hanna Instruments, 
Canada [7], requires a water speed of minimum 0,3 m/s in 
order to perform accurate measurements.  

During our research, the basin water will be stationary and 
the probe driven by a stepping motor will be displaced in the 
water with a speed of 0,39 m/s. 

2. Description of the DO Measuring  
Instrument 
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The oxygen dissolved in water is measured in parts per 
million (ppm=mg/l) or in saturation percentages (%). 

The electric method, also known as electro-chemical 
method, is based on two ways of measuring DO concentra-
tion: 

a) Galvanic procedure, where a s mall electric voltage 
appears between the electrodes; applying an external voltage 
is not needed; 

b) Po larographic p rocedure, where a DC voltage is applied 
between the two electrodes (cathode and anode). 

A HI 9146 oxygen meter manufactured by HANNA IN-
STRUMENTS (Canada) was purchased for experimental 
researches. The oxygen meter uses the polarographic pro-
cedure as measurement technique. The oxygen meter is 
composed of a microprocessor (1) (fig.2) that, through the 
connection cable (2), establishes the connection with the 
measurement probe (3) introduced in the water whose DO 
content must be established [7].  

Figures 2, 3 and 4 p resent the component elements of the 
oxygen meter as well as their assembling manner in  order to 
perform DO measurements. A small cylinder (4) (fig.4) that 
contains an electro lyte solution is screwed on  the threaded 
portion (5) (fig.3). The cylinder base consists of an oxygen 
permeable Teflon membrane (5). The functioning princip le 
of the measuring instrument is the following: a d.c. battery is 
mounted inside the microprocessor(1), thus an electric field 
where ions migrate is established between the probe elec-
trodes. A special purpose electrolyte solution, contained in a 
small cylinder tube (4) isolated to water, lies between the 
electrodes. 

The intensity of the electric current between the anode and 
the cathode varies in function of the concentration of dis-
solved O2, therefore the value of the O2 concentration dis-
played by the oxygen meter also changes. 

 
1- microprocessor with digital display; 2 – connection cable;          
3 – probe body; 4 – protection cylinder that can be unscrewed during 
measurements; 5 – threaded portion of the probe body where the part 
4 is screwed. 

Figure 2.  General view of the oxygen meter 

 
1- microprocessor with digital display; 2 – connection cable; 3 – 
probe body; 4 – temperature sensor; 5 – threaded portion of the probe 
body where the part 4 (fig.2) is screwed; 6 – anode; 7 – cathode. 
Figure 3.  General view of the oxygen meter without protection cap 

 
1- microprocessor; 2 – connection cable; 3 – probe body; 4 – small 
cylinder that contains an electrolyte solution; 5 – oxygen permeable 
Teflon membrane; 6 – solution vail. 

Figure 4.  Assembly view of the oxygen meter prepared for measurements 

3. The Experimental Stand for the 
Measurement of the Oxygen Dissolved 
in Water 

The experimental stand (fig.5) consists of the following 
elements: 

• an air electro-compressor (1);  
The compressor is endowed with a pressure reducer (2) 

that assure the required work pressure and a manometer (3). 
• a joint fo r exhausting of air in the atmosphere (4); 
• a compressor feeder (5);  
• a rotameter (6) for air flow rate measuring; 
• a digital thermometer for measuring the air temperature 

found on the measuring instruments panel (8);  
• a dig ital manometer for measuring the air pressure at the 

entrance of the fine air bubble generator (FBG) found on the 
measuring instruments panel (8);  

• a pipe (9) for the transport of the compressed air towards 
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the FBG;  
• a tank (10) filled with water from the plant supply, where 

the FBG is immersed; 
• a driv ing mechanism (11) of the measurement probe 

(12). 
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1– electro compressor with air tank; 2 - pressure reducer; 3–manometer; 4–joint 
for exhausting of air in the atmosphere; 5– compressor feeder; 6– rotameter;     
7– electric panel; 8– measuring instruments panel; 9– pipe for the transport of the 
compressed air towards the FBG; 10– water tank; 11– mechanism for probe 
driving; 12– oxygen meter probe; 13– FBG; 14– holder for the plant; 15–control 
electronics (a – supply unit, b- switch, c- control element). 
Figure 5.  Sketch of the experimental setup for researches regarding water 
oxygenation 

An energy meter was used in order to measure the electric  
energy consumption found on the electric panel (7). 

The air d ischarged by the compressor covers the following 
path: 

• through the rotameter (6), where its pressure is meas-
ured; 

• its temperature and pressure are subsequently measured; 
• finally enters the FBG (13) that emits air bubbles; 
• the increase of O2 concentration is measured using the 

oxygen meter found on the measuring instruments panel (8). 
Measures will be taken that the air pressure in the tank (10) 

remains constant during the measurements.  
The pressure reducer (2) allows keeping a constant pres-

sure at the entrance of the air in FBG. 

4. Device for the Displacement of the 
Polarografic Probe 

The instruction manual of the oxygen meter specifies that, 
in order to obtain accurate measurements, water must flow 
with a flow speed of min imum 0,3 [m/s]. 

In our case, the water is stationary in the water tank, thus 
we will d isplace the probe on a circular path in the horizontal 
plane. 

A circle with a d iameter of D = 0,25 m is chosen. 
Accordingly, the length of the path is equal to: 

0, 25 0,785 [ ]L D m= p = p =             (1) 
If the circle is travelled in two seconds, it results a probe 

speed equal to: 

0,785 0,3925
2s

Lv  [m/s]= = =
t

                 (2) 

thus upper than the min imum speed of 0,3[m/s]. 
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1-base plate; 2- elect ronic control panel; 3- connection cable between the probe 
and the oxygen meter separation plate; 4- compressed air supply pipe ; 5- carrier 
rod of the probe; transparent plexiglass tank; 6- device for rod driving; 7- oxygen 
meter probe; 8- fine bubble generator. 

Figure 6.  Sketch of the water tank and of the measurement probe 

The displacement device of the oxygen meter probe is 
mounted on the upper part of the water tank (fig. 5). 

The electric  motor drives the rod carrying the probe in a 
rotation movement on a circle Ø 250 with a speed of 0,39 
m/s. 

A detailed representation of the driving mechanis m of the 
oxygen meter probe is presented in figure 7. 

The mechanis m consists of: stepping motor (4) that drives 
the gear wheel (2) joint to the central bushing (8) through a 
gear wheel (6) and a gear belt (5). 

1

2

3

4 5 6 7 8 9 10

 
1- base plate; 2- gear wheel coupled on the motor shaft; 3- upper plate; 4- step-
ping motor; 5-gear belt; 6- gear wheel; 7- conical bearing case; 8- central bushing; 
9-carrier rod of the probe; 10 – conical bearings. 
Figure 7.  Device for driving the oxygen meter probe in a circular move-
ment 

The central bushing is mounted on a pair of conical 
bearings (10) and allows the fixing of the carrier rod (9). 

The movement is therefore t ransmitted from the motor to 
the carrier rod, assuring the rotating movement of the oxygen 
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probe. 
Figure 8 presents an image of the driving mechanis m. 

 
Figure 8.  Driving mechanism 

A POW ERMAX II type P21NSXS-LSS-NS-03 stepping 
motor, manufactured by ScientificPacific, was chosen. 

The motor features a step of 1,8° and a maximum torque 
of 1,2 Nm.  

The control electronics of the positioning system of the 
oxygen probe must guarantee the correct step sequence of 
the stepping motor in order to achieve the rotating movement 
of the probe.  

The electronic system can be controlled through a number 
of knobs that allow the accomplishment of a preestablished 
rotation sequence in both directions, with a speed of 0,5 rps, 
or the positioning of the probe by the operator in the desired 
position [8]. 

The electronic system is based on a PIC16F628A micro-
controller that can be programmed to perform measurement 
cycles more complex that the considered one. 

The work program contains an initialization sequence 
when it  waits 5s without any visible action, then a short cycle 
of 20 steps left-right. 

Afterwards the system can receive instructions from the 
operator.  

If the operator chooses the automatic mode of functioning, 
the microcontroller will perform a sequence of 400 steps, 
equivalent to a complete rotation of the carrier rod (estab-
lished from the trans mission ratio  and the number of steps 
corresponding to a rotation of the motor). 

In the manual mode, the microcontroller will perform 
continuous sequences of steps as long as the control knobs is 
pressed. 

The probe can thus be positioned in the measurement 
points. 

5. Computation of the Performance and 
of the Efficiency of the Oxygenation 
Process 

It is known from specialty literature [9, 10] that the per-
formance of the water oxygenation is defined as ratio be-
tween the oxygen dissolved in water and the oxygen intro-
duced in water: 

2 2 2

( )ox L s
O O O

V dC V aK C C
m d V

h = = × -
t r &

&

               (3) 

Where: 
V – volume of the water subjected to oxygenation [m3];  
mO2– flow rate of the oxygen introduced in water [kg/s]; 
dC/dτ – transfer speed of the dissolved oxygen [kg/m3· s-1] 
aKL– mass transfer volumetric factor [l/s]; 
Cs – mass concentration of the component transferable at 

saturation in the liquid phase [kg/m3];  
C – current mass concentration of the component trans-

ferable in the liquid phase [kg/m3]. 
The oxygenation performance can be established in two 

situations: 
In stationary conditions, the amount of oxygen introduced 

in the tank is consumed by the fishes and other creatures 
liv ing in water; in this case dC/dτ=ct, the transfer speed of 
the dissolved oxygen is constant. 

Mathematically, the variation of the concentration of 
dissolved O2 in function of time. 

B

dC C ct
d

Dæ ö = =ç ÷t Dtè ø
                   (4) 

This value stays constant in the case of stationary condi-
tions. Thus in the case of stationary conditions the oxygena-
tion performance is constant. 

In the case of non-stationary conditions a quantity of air 
(thus O2, 21%) is introduced. 

The concentration of O2 dissolved in water varies in t ime, 
namely increases. 

Consequently the slopes of the graph CO2=f(τ) will be 
different. 

The slope between two successive points: 
1

1

i i

i i

C CC +

+

-D
=

Dt t - t
                   (5) 

This value, experimentally established, helps us to com-
pute: 

( )L s
C aK C CD

= -
Dt

              (6) 

where aKL is difficult to establish. 
The value dC/dτ is successively computed only for the 

first stage: 
52 1

3
2 1

(8,30 7,72)[ / ] 10,0644 10
15 60[ ]AB

C CdC mg l kg
d s m s

-- -æ ö é ù= = = × ×ç ÷ ê út t - t ×è ø ë û
(7) 

During the non-stationary conditions, the oxygenation 
performance for the first functioning stage will be: 

2

100 [%]ox
O

V dC  
m d

h = × ×
t&

              (8) 

V – volume of water V=0,125 m3; 
mO2 – flow rate of the oxygen introduced in water [kg/s]; 
It is known from specialty literature [9] that: 

2
0.233 [ / ]O aerm  m kg s=& &               (9) 
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aer aeraerm Vr
· ·

= ×               (10) 
Air density is computed from the thermal equation of 

states[11]: 
3aer

aer
aer

p [ kg / m ]
RT

r =               (11) 

The performance and the efficiency of water oxygenation, 
established during experimental research(η =0,16 %) have 
reduced values because: 

The init ial concentration of the oxygen dissolved in water 
is high C0=7,72mg/l and Cs=8,9 mg/l; 

The water column above FBG has a small height (h=0.5 
m), the time of contact between the air bubble and water is 
reduced. 

6. Measurement Results 
In the experimental stand, a column of water of height        

H = 500 mm H2O lies above the perforated plate. 
The pressure generated by the surface tension[9,11] is 

equal to: 
2

2
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s × ×
= = =

×
               (12) 
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            (13) 

Hereupon the first gas bubbles will appear if the digital 
manometer will d isplay: 

1 1 2563tsh H h h mmH OD > + D Þ D >              (14) 

 
Figure 9.  FBG in function 

Previous researches[12-14] proved that the air p ressure at 
the entrance to FBG had to be equal to 611 mmH2O > 563 
mmH2O, therefore the FBG functioned normally. 

The measurements were perfo rmed in eight stages. 
At the beginning of the first stage, where the height of the 

water layer over the FBG is hH2O = 500 mm, the probe is 
situated at hprobe = 250 mm with respect to the nozzle p late, 
the init ial O2 concentration being C0 =7,72 mg/l, the indica-
tion of the electric  counter E0 = 0,0325 kWh and water 
temperature t= 20,5℃ . Pressure and flow rate of air that 
enters the FBG are measured: p1=583,44 mmH2O; V1= 600 
l/h. 

These values are kept constant during measurements. 
After a functioning of the FBG for Δτ1 =15’, it is stopped and 
O2 concentration is measured by rotating the probe in water.  

The FBG is put in functioning again and air is blasted in 
water during 15’, the total time being Δτ2 =30’; O2 concen-
tration is measured. 

Similarly, the time values of Δτ3 =45’, Δτ4 =60’, Δτ5 =75’, 
Δτ6 =90’, Δτ7 =105’, Δτ8 =120’ are reached.  

Finally, the concentration of O2 dissolved in water after 
two hours of FBG functioning is measured. 

The measured values are presented in table 1. 

Table 1.  Variation of O2 concentration in function of the functioning time 
of the FBG 

Values of the concentration of O2 dissolved in water 
[mg/l] 

τ0=0′ 7,72 ∆τ5=75′ 8,84 
∆τ1=15′ 8,30 ∆τ6=90′ 8,85 
∆τ2=30′ 8,53 ∆τ7=105′ 8,85 
∆τ3=45′ 8,72 ∆τ8=120′ 8,85 
∆τ4=60′ 8,78 

The chart CO2= f(τ) from figure 10, is traced based on data 
presented in table 1. 

The oxygen transferred to the clean water(from the plant 
supply) was not consumed either as consequence of the 
microorganis m metabolis m[15,16] (see reactors, water 
treatment plants) or by the fishes, thus the concentration of 
oxygen in water increased in proportion as air was blown in 
the water tank. 
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Figure 10.  Graphical repreentation of the function CO2= f(τ) 

7. Conclusions 
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1. The driv ing mechanism of the oxygen meter probe 
performs a 360° rotation of the probe in 2 seconds; the 
movement is transmitted from the stepping motor, through a 
gear belt, to the probe carrier rod.  

An accurate trajectory covered in a well determined time 
is thus guaranteed. 

2. The electronic system of the driv ing mechanism can 
receive instructions through the knobs from the control panel; 
the knobs allow the accomplishment of a pre-established 
rotation sequence in both directions, with a speed of 0,5 rps. 

3. The performed experimental researches proved the 
accuracy of probe displacement and the reliability of the 
driving mechanis m. 

4. The driving mechanism allows the horizontal and ver-
tical displacement of the probe, observing pre-established 
conditions. 

5. The researches will continue in order to extend this 
experimental model to an industrial scale. 
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