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Abstract - The paper presents two experimental installations that will be used to measure the
dissolved oxygen concentration in wastewater. The first installation refers to stagnant wastewater
and the second to wastewater flowing through pipes. The sketches of the two installations, the
fluids circulation and the measuring devices are presented. The results of the theoretical and
experimental researches regarding the increase of the dissolved oxygen content in water in the case
of the two experimental installations will be presented in a subsequent paper.
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1. Introduction

The hydrodynamics of two-phase gas-liquid systems
is of great scientific and technical importance by
applying it to wastewater aeration.

Aeration can be performed in three ways [1] [2] [3]:

a) mechanical aeration;

b) pneumatic aeration;

c) mixed aeration (a + b).

Pneumatic aeration is most commonly
encountered in practice and can take place in the
following ways [4] [5]:

1) By introducing air in the water with the help of
drilled pipes mounted on the water tank;

2) By using porous diffusers whose membrane is
made of ceramic, elastic or plastic materials;

3) By using fine air bubble generators that have a
perforated plate with orifices achieved by
unconventional technologies [6] [7].

Air dispersion devices in water are also classified
according to the diameter of the produced bubbles
(8] [9]:

[ ]

Devices that produce fine bubbles:

@ <1 mm;

e Devices that produce medium bubbles:
@=1..3mm;

e Devices that produce large bubbles:
@=3..120 mm.

In order to intensify the phenomenon of air-
water interphase transfer [10] [11] it is necessary to
achieve a maximum interfacial contact surface,
bubbles of the smallest diameter must be produced.

Aluminium perforated plates were made in UPB
laboratories, where the air dispersion orifices have
diameters of 0.1 mm 0.3 mm 0.5 mm.

The fine bubble generators with perforated metal
plate have the following advantages [12] [13] [14]:

- ensures a uniform distribution of air bubbles,
according to the designer's request;

- ensures an approximately equal size of the air
bubbles diameter introduced into the water;

- the pressure loss that appears when passing
through the fine bubble generators (FBG) is much
lower than the ones of the porous diffusers which
leads to an energy saving;

- FBG have a high reliability in operation, is easily
cleaned by compressed air inlet at pressures higher
than the operating pressure.

2. Air Injection in Stagnant Water Using
Fine Bubble Generators

The fine bubble generator is provided with a plate
with orifices which must meet certain conditions
[15] [16] (figure 1).
The aluminium plates thickness is s = 2 mm, and
the distance between the orifices is d = 6 mm.
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Figure 1: Plate with orifices for air dispersion in
Stationary waters
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One can see that both conditions were met.
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Figure 2: Fine air bubble generator
1 - compressed air tank; 2 - sealing gasket; 3 - orifice
plate; 4 - compressed air supply pipe of FBG;
5 - compressed air pressure connection; 6 - screws for
fixing the plate with orifices on the tank frame

Figure 2 shows an overview of the fine air bubble
generator having a plate with 17 orifices @ 0.3 mm
[17].
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Figure 3: Sketch of the experimental installation
1- electro compressor with air tank;

2 - pressure reducer; 3-manometer; 4 - connection for
the discharge of air into the atmosphere; 5- T-joint;
6- rotameter; 7- electrical panel; 8- panel with
measuring devices; 9- pipe for the transport of
compressed air to FBG; 10- water tank;

11 - mechanism for actuating the probe; 12- oxygen
sensor; 13- FBG

This fine bubble generator (figure 2) was
inserted into the water tank of figure 3.

3. Air Injection into Water Flowing
Through Pipes

Air injection may occur in: 1 - horizontal pipes or 2 -
vertical pipes.

In the following, only point 1 is studied in the
following sense: for the same initial data as in
version 1, an installation was designed to ensure the
increase of dissolved oxygen concentration in water
flowing in horizontal pipes.

Water flows from a tank through a transparent
plexiglass pipe @ 50 x 2 mm (8).

- COMPRESSED AIR
Figure 4: Flat serpentine provided with 17 orifices
1- connection for compressed air; 2- orifices 4 0.3 mm.

The water flow rate is measured at the outlet of
the tank with the flow meter (7) and subsequently in
the pipe flange (9) is a serpentine in where
compressed air is introduced (figure 4).

The serpentine is provided with 17 @ 0.3 mm
orifices through which the air comes out and
circulates in an equilibrating manner with water; the
serpentine is supplied with compressed air through
the two records (1). According to the estimates, it is
possible that by mixing air + water, after a distance
of 2 meters the saturation concentration (Cs) of the
oxygen dissolved in water to be reached (figure 5).

If not, a second serpentine supplied with
compressed air by the valve tap (14') is inserted in
the second flange (9 ).

The sensors (11) will detect and indicate the
dissolved oxygen concentration in water [18] at the
oxygen meter (12).

The compressed air supplied by an electro
compressor passes through a rotameter and through
the valves 14 and 14 ' enters the two serpentines.

In order to study the influence of some
parameters (water speed, air speed, air flow rate,
etc.) on the water aeration process, the 34 orifices
were distributed in two circular wreaths mounted
between the pipe flanges (9; 9 ') at the distance of
2000 mm (Figure 5).
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Figure 5: Sketch of the experimental installation
1- supports; 2- water tank; 3- water supply from the
network; 4- sleeve valve; 5- ball check valve; 6- sensor;
7- flow meter; 8- pipe @ 50x2; 9- flanges; 10-
connection the spiral; 11- sensors; 12- oxygen meter;
13- vent valve; 14- angle valve; 15- rotameter; 16- air
flow control valve; 17- manometers; 18- electro
compressor; 19- compressed air tank

Figure 6 shows an overview of the experimental
installation for determining the dissolved oxygen
concentration in water flowing through pressure

pipes.

Figure 6: Overview of the experimental installation
1- transparent plexiglass pipe; 2- serpentine mounted
inside the pipe flange; 3- compressed air connection
for the serpentine; 4- rotameter; 5- water tank;

6- electro compressor; 7- compressed air tank

Figure 7 shows a detail of the device for measuring
the water flow rate with an electronic meter.

Figure 7: Measuring the water flow rate flowing
through the pipe @ 50 x 2 mm.
1- water flow rate control valve; 2- flow rate sensor;
3- flow meter

In figure 8 one can observe how a spiral (1) is
mounted inside the transparent plexiglass pipe
through which the compressed air enters the water
and moves in an equilibrating manner with water.

Figure 8 show that the compressed air enters the
spiral (1) through two connections (2).

Figure 8: General view of the serpentine supplied with
compressed air through two capillary tubes g3 x1 mm.
1- spiral; 2- connections for the introduction of
compressed air; 3- transparent plexiglass tube

The flow pipe of the two-phase fluid, air plus
water, is made of 50 x 2 mm plexiglass from
Germany. The pipe allows the measurement of the
dissolved oxygen concentration in water by one of
three methods: [19] [20] [21], namely by the optical
method which is a non-invasive method.
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4., Conclusions

A) the paper presents two installations used to
aerate the waters in two situations:

- stagnant water, i.e. stationary water in which
compressed air is introduced with the help of a
compressor;

- waters flowing in pressure pipes for which the
air is introduced through a serpentine mounted in
the pipe; the injected air circulates in an
equilibrating manner with water.

B) the cost of the expenses to build a FBG or a
serpentine is about the same.

C) by introducing air into horizontal pipes (the first
stage of the researches), the aeration tanks can be
removed from the water treatment stations, thus
reducing the value of the investments.

D) the pressure loss that occurs when air is passed
through the fine bubble generators provided with
flat metal plates is lower than in the porous diffusers
[22] [23] which leads to energy savings [24] [25].

E) experimental researches will demonstrate that
it is more technically and economically efficient.

F) the aeration of the water flowing through
vertical pipes will be studied later, this is the second
stage of the researches on water aeration.
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