Influence of Fine Bubble Generator Architecture on Time Variation
of Dissolved Oxygen Concentration in Water
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The paper presents two constructive solutions in the field of fine bubble generators that serve to aerate the
water, Two installations for experimental researches have been designed and built in connection with the
two constructive solutions. The dissolved oxygen concentration was experimentally determined. The
theoretical and experimental results for the two constructive solutions are compared showing a good

coincidence in relation to the results reported in the literature.
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Water aeration is necessary to improve water quality to
avoid the oxygen deficiency in systems where there is a
biochemical oxygen demand.

The main purpose of water aeration, irrespective of the
industry and the reason it is used, is to increase or maintain
an oxygenated level of dissolved oxygen in a water volume.

Recentresearches on interfacial mass transfer with fine
bubble generation focuses on the study of the following
topics: porosity (free volume or fraction of voids) [1,2],
bubble characteristics [3,4], flow determination, and
computer fluids dynamics studies [5,6], heat transfer
measurements [7,8], mass transfer studies [9].

In studies on gas diffusion in liquids and hydrodynamic
behavior of bubble columns, it was concluded that bubble
size values depend primarily on the physicochemical
properties of the liquid phase and on how the air distribution
is achieved [10].

The oxygen required for the aeration process is taken
from the atmospheric air and introduced into the water.
For this aeration to be effective, uniform air dispersion must
be ensured across the entire water body in the tank or
basin. For the dispersion of air in the water, fine bubble
generators (FBG) [11] or porous diffusers constructed of
ceramic or elastic materials [12] are used.

The paper presents a comparison between two types of
fine bubble generators (FBG).

The first type of generator is made of ceramic materials;
this type of generator is known in the literature [13] as a
porous ceramic diffuser.

The second type of generator is a generator in which the
perforated plate is made by unconventional technological
processes [14]: chemical corrosion processing.

The main conclusion is that the porous ceramic diffuser
is more advantageous than the fine bubble generator at
which the orifice plate is made by chemical corrosion
because it ensures a faster oxygenation of the water mass.

Experimental part
Materials and methods

The equation which defines the transfer speed of the O,
from air in water is [15]:
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where:

dC/dr-The transfer speed of dissolved oxygen in water;

ak, -Volumetric mass transfer coefficient [s"];

C.-Mass concentration of oxygen in water at saturation
[kg/m?];

C-Current mass concentration of oxygen in water [kg/
m?].

The term ak, include:

a -interphase contact specific surface:
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g m_" J (2)
where:
A -gas bubbles area [m?]

V -biphasic system volume (air plus water) [m?]
k_-the coefficient of mass transfer [kg/m?]

The purpose Theoretical solution

Practical solution

The mcresze of

The decrease of the gas bubble diameter

The decreaze of the
F B.G. orifices diameter

Table 1

SOLUTIONS TO INCREASE dC/dt

The mcreaze of ko The turbulence enhancement
The mcreaze of Cs The increase of the Oz concentration into
the water
The mereaze of Cp Minmmum Cp values depending the Introducing air, oxygen

existing micToorganisms nature into water

and O: into water
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From equation (1) one can notice that to increase the
transfer speed O, to water, the following are required:

|. the increase of k and C,

Il. the decrease of C

The conditions | andIl are given in table 1.

Equation (1) indicates the modification of oxygen
concentration in time, as a result of molecular diffusion of
O, from the area with high concentration to the area with
low O, concentration.

Results and discussions
Elastic membrane porous diffuser from E.RD.M.

The porous diffuser consists of two elements: elastic
membranes (2) (fig. 1) which is threaded by the diffuser
body (1).

Fig. 1. General view of the

porous diffuser: 1 - elastic

membrane fastening ring; 2
elastic membrane

The elastic membrane contains more than 1000
rectangular shaped orifices; a single orifice was measured
using a modern OLYMPUS BX51M microscope.

The dimensions of the orifice, approximated as a rectangle,
are: L x | = 735,03 x 128.29 = 94296.998 um?.

The equivalent diameter of the orifice will be:

44 4.04206008
&= P T 373503+ 12829) oW Hm=02188 mm @)

The value of this diameter falls within the operating range
of bubble generators, which emit fine bubbles.

During the experimental researches for the two constructive
solutions, the following values were kept constant:

- the volume flow of air instilled in water: 600 dm?3h

Table 2
VALUES OF DISSOLVED OXYGEN CONCENTRATION IN
WATER FOR POROUS MEMBRANE DIFFUSER E.PD.M.
T [min] I 15 1 30 45
310 1 694} 819 86

Coa[mg/dm?]

- hydrostatic load: H = 500 mmH,0O;

- water temperature: t = 23°C, correspondmg to the water
temperature, from [16] the saturation concentration was
chosen: C.=8.6 mg/dm?.

- initial concentration of dissolved oxygen in water: C, =
5.10 mg / dm?.

As a result of the measurements, data from table 2 were
obtained.

The obtained results are similar to those in the literature
[17].

Fine bubble generator made by modern micro technologies

By chemical corrosion was made in silicon pads of 390 um
thickness, some orifices with a diameter of less than 1 mm
that provide an efficient oxygenation of the water.

Figure 2 shows 8 silicon plates with orifices having the
geometry shown in figure 3.

The figure shows:

BC AIE’.??

BA 390
The equivalent diameter (d.) of an orifice is calculated with
the relation:

=0.5640° @)

o=

d, = (5)

where:

A - area of the flow section [m?];

P - the wet perimeter [m].

The exit section being a square with side of a =629.795um
gives:

4a’
d, =. =9 620.795 um=0.629793 mm (6)

The technology used for processing the silicon wafer is
called bulk micromachining, allowing the material to be
processed, the HF corrosion substance, and the photoresist
mask material.

Figure 5 shows the scheme of the experimental plant. The
main element is the FBG, which has square orifices with a
629.795um side, made by chemical erosion.

For a certain hydrodynamic regime, using the rotameter
(6) the gas flow rate instilled in water was measured:
V =600dm*/h.

Fig. 2. The location of the eight cells of fine bubble
generation (the dimensions are in pum)

1065,735

| 219,9;

T/

390

625,755

Fig. 3. The geometry of an orifice (the dimensions
are in um)

REV.CHIM.(Bucharest) ¢ 704 No. 6 2019

1
Fig. 4. General view of the fine bubble generator: 1 - support plate;
2 - fine bubble generator body; 3 - compressed air supply pipes
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Fig. 5. Sketch of the experimental plant for researches

regarding water oxygenation: 1-electro compressor with

l air tank; 2- pressure reducer; 3-manometer;
4-compressed air tank V = 24 dm3; 5-T-joint; 6-rotameter;
7-electrical panel; 8- panel with measuring devices;

9- pipe for the transport of the compressed air to the
FBG; 10-water tank; 11- mechanism for the probe

=7 actuation; 12-oxygen meter probe; 13-FBG;14- installation

E holder; 15-electronics control: a- supply unit, b- switch,
¢- control element; 16, 17-FBG supply lines with

compressed air

Table 3

VALUES OF DISSOLVED OXYGEN CONCENTRATION IN WATER FOR FBG WITH

SILICON PLATES

T [min] 0 13 30 45 &0 75 a0 105

Coz[mg/dm?]

50000 812 704 T30 8200 831 839 860

#
Fig. 6. Fine bubble generator in operation

The tank (10) has the dimensions [ xIxh =05x0.5x 1.6
= 0.4 m? the water layer above the FBG has a height of h =
0.5 mand avolume of 0.5 x 0.5x 0.5 =0.125 m?,

Initial operating data (FBG). \y = 600 dm¥h, t = 23 °C, C_
= 8.6 mg/dm®, C; = 5.10 mg/dm?

Figure 6 shows the operation of the fine bubble generator.

The experimental results from the measurements are given
intable 3.

For both constructive versions, during the experimental
researches were kept constant:

- the volume flow of air instilled in water: 600 dm%h

- the water temperature: t = 23°C;

- the concentration of dissolved oxygen in water at =10,

C,=5.10 mg / dm?.

Figure 7 presents the variation of oxygen concentration
in water.

10

C [mg/dm?]

0 15 30 45 60 75 90 105 120
T [min]

Fig. 7. The variation in time of oxygen concentration in water:
1 - for porous membrane diffuser E.RD.M, 2- for FBG with silicon
plates

Figure 7 shows the following:

- the dissolved oxygen concentration in water increases
faster in the case of the porous diffuser; Because the value
of the specific interphase contact area (&) is higher.

- the time to reach the mass concentration of oxygen
saturation in the porous diffuser is reduced by 2.3 times
compared to the FBG.
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Elastic membrane porous diffusers have a simple
construction, increased reliability in operation.

The orifices of the perforated membrane have a diameter
of about 0.21 mm, which ensures the dispersion of the fine
air bubbles (@ = 1 mm).

Porous diffusers with E.PD.M. membranes have a high
aging duration, are resistant to ozone, and the diffuser body
is made of shock-resistant plastics. For elastic membrane
diffusers, the orifices closes when the air stops.

Porous diffusers do not require maintenance because
the membrane vibrations lead to self-cleaning of the active
surface.

The disadvantages of porous diffusers are:

- emit bubbles of different sizes;

- does not ensure a uniform dispersion of air in a water
volume.

Making fine bubble generators with advanced
technologies ensures a uniform distribution of air in a
volume of water; at the same time the size of the air
bubbles will be the same [18, 19].

FBG constructed with silicon plates is an alternative to
other air-dispersing processes in water [20, 21].

Conclusions

A technical solution for making orifices in silicon pads
has to be economically analyzed.

The use of silicon pads with orifices of various shapes
will make it possible to extend research in the field of water
aeration.

Following experimental research, the following was
found:

- for the same air flow rate in water and the same
hydrostatic load H = 500 mmH,0, the aeration time
(C,—C) is reduced from 105 ‘in case of FBG to 45’ for the
porous diffuser.

The advantage of the porous diffuser compared to FBG
is that the rates of oxygen transfer to water increases
because it increases the interfacial specific area (a).

The growth of a is due to the fact that at the same
volumetric flow rate, the porous diffuser with several
orifices @ 0.21 mm generates more air bubbles so a will
increase.

The final conclusion is that the generation of smaller
and more numerous bubbles lead to the improvement of
the water aeration process.
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