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DEVELOPING A TECHNOLOGY FOR TREATING BLUE-GREEN ALGAE
BIOMASS USING VIBRO-RESONANCE CAVITATORS

Biomass of blue-green algae (cyanobacteria) is an easily accessible and cheap raw material to be converted into biogas. A year’s
supply of blue-green alga storage in shallow water of the Kremenchuk Reservoir only makes 4.14 - 107 tonnes. However, known
techniques of “methane digestion” of algae substrate are imperfect because of insufficient level of the product yield, i.e. biogas.
This is conditioned by enhanced resistance of the bacterium walls to damage, which decreases the release of intracellular content
which is the basis of biomass substrate.

Purpose. Improvement of a technological process of fermentation of blue-green algae, through “methane digestion”, as a raw
material for production of biogas by homogenisation of algal biomass with cavitation vibro-resonance treatment.

The primary tasks of the research included:

- improvement of a design of an electromagnetic vibro-resonance cavitator so that it can be used for homogenisation of sub-
stance of blue-green algae;

- development of the improved process flow schematic of converting blue-green algae biomass into biogas using vibro-reso-
nance cavitators.

Methodology. A complex approach is used which involves combination of analytical and theoretical-and-experimental re-
search on the processes of anaerobic methane digestion. Qualitative composition of biogas produced by cyanobacteria was defined
using the methods of spectrum analysis. Studies on dynamics of vibro-cavitators were conducted through methods of the oscilla-
tion theory with two degree of freedom systems. Applying approximate methods of the oscillation theory, we defined the optimal
parameters of vibro-cavitation homogenisation of water suspense of cyanobacteria.

Findings. Improvement in the technique for converting blue-green algae into biogas is based on additional inclusion of biomass
homogenisation block in the process. Homogenisation, i.e. complete release of intracellular content of bacteria, is placed on the
operation of cavitational treatment of water suspension of algae with vibro-resonance cavitators of improved design. The vibro
cavitator provides cavitational homogenisation of algae suspensions with capacity of 0.75—1.0 m?/h. The suggested technological
process of algae biomass treatment includes three main stages: the stage of algal suspension storage and preparation; the stage of
preparation of algae biomass substrate through their homogenisation with vibro-resonance cavitators; the stage of fermentation of
biogas through “methane digestion”. The product yield, i.e. biogas, increases by 1.4 times due to increasing release of intracellular
content of bacteria by vibro-cavitation and reaches 33.0—34.5 m? of biogas from 1 tonne of the biomass.

Originality. Adding the stage of blue-green algae homogenisation with vibro-resonance cavitators to the standard techniques
for their processing with the purpose of increasing the product yield has been suggested by the authors for the first time. This solu-
tion provides further biomass substrate fermentation of higher quality increasing the efficiency of biogas generation by over one
third. It features academic novelty elements and the design of an electro-magnetic vibro-cavitator of resonance action has been
suggested for the first time. Specific shape of its oscillating cavitation agents gives a unique opportunity of qualitative cavitational
treatment of liquid substances of higher density and viscosity compared to water. This is exactly what allows establishing a cavita-
tional field in the liquid substance saturated with algae.

Practical value. The value lies in improving the technological process of biogas fermentation from blue-green algae. To imple-
ment the cavitational treatment of biomass, an improved design of the vibro-cavitator is suggested taking into account the specific
nature of cavitational treatment of liquids with increased density and viscosity. The efficiency of a vibro-cavitator with the cross-
sectional area of a working camera of 10 inches when processing algae biomass makes 0.75—1.0 m?/h. This is enough to provide
continuous-duty service of a fermentation chamber with the volume of 100 m?by two vibro-cavitators working alternatively.
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Introduction. Some of the most active fresh water pollut-
ants in the territory of Ukraine are species of the so-called cya-
nobacteria, which are often called blue-green algae. In our
country there are over ten species, the most widespread of
which according to the alga system by Parker are those of the
kingdom of Prokaryote, division Cyanophycota, class Cyano-
phyceae. The species of cyanobacteria genus feature a slight
difference in structure and size. Depending on the environ-
mental conditions, the life cycle of cyanobacteria lasts from
one to a few months, active reproduction occurs through fis-
sion, as a matter of fact, at an exponential rate. During the
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vegetative season (70—120 days) one initial cell of cyanobacte-
ria can reproduce 10%° daughter cells, which conditions algal
nuisance known as “water-bloom” [1]. The most nutrient me-
dium for their vital activity is warm water saturated with phos-
phates. During the period of growth, blue-green algae take in
carbon dioxide and disengage oxygen. After the vegetative sea-
son and dying off, they gravitate to the bottom and their decay,
vice versa, is accompanied by active intake of oxygen by decay
products. At the same time the efficiency of taking in oxygen
far outweighs the efficiency of its production, which results in
summer fish and ichthyofauna kill in water bodies accompa-
nied by objectionable odour of the water related to offensive
odour of decaying. In autumn-winter seasons when water tem-
perature decreases, cyanobacteria gravitate to the bottom, mix
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with silty mud and, ceasing their reproduction, handle cold
winter temperature smoothly. In spring, their activity is re-
newed, they move up to warm upper waters and propagate
themselves actively again. Tranquil flows of shallow waters and
winds spread bacterial colonies throughout the water body in-
festing more and more of its segments. In water-storage reser-
voirs of hydroelectric power plants and heat power-stations,
blue-green algae accumulate mostly on each side of dams
where they are brought by winds and water flows. Moreover,
the thickness of colonies in the upper layer of the water can
make several dozens of centimetres.

The volume of water contaminated by cyanobacteria as
well as the numbers of cyanobacteria themselves in water bod-
ies of Ukraine is enormous. Thus, according to the data of re-
search on water of the Kremenchutske Reservoir only with the
area of the water table of 2250 km? with the volume of shallow
waters of 828 million m?, with the average density of saturation
of water with cyanobacteria of 50 kg/m?, their overall biomass
makes 4.14 - 107 tonnes of accumulation throughout the sum-
mer vegetative season [2].

At the same time, domestic and foreign researchers have
presented solid evidence of the fact that under certain conditions
of processing blue-green algae (cyanobacteria), useful raw mate-
rial for producing biogas as heat-power engineering fuel can be
obtained. Thus, [3] studies a method for producing biogas as a
result of anaerobic methane digestion of water solution substrate
of'a fermentation medium and blue-green algae suspension. The
attained results accord well with findings described in [4]. The
research of the authors in [5] proves that biomass can also be
used to produce bioethanol, which can be applied further as raw
material for various chemical technology processes.

The process of treating blue-green algae by extracting
them from the biomass of lipids, which were further used for
conversion into biodiesel, is considered in [6]. In particular,
the work analyses the influence of temperature conditions on
extraction of lipids from blue-green algae, gives recommenda-
tions on choosing the optimal technological parameters of the
process of obtaining lipids from the biomass.

The process of biological treatment of blue-green algae
biomass is strongly related to the method of biological treat-
ment of the so-called biodegradable wastes, which is common
outside Ukraine, namely in Slovakia [7].

One of the problems of applying blue-green algae as a bio-
energy raw material is the so-called “seasonality” of accumula-
tion of this biomass in water bodies. Basically, it includes only
two warm summer months and the first autumn month. How-
ever, in Austria and Germany this problem is successfully solved
through growing these algae in special tanks or artificial water
bodies. In this way, a year-round operation of biotanks is pro-
vided. Another appropriate way to solve the problem of a year-
round operation of biotanks for anaerobic methane fermenta-
tion of biomass has been proposed by experts from Slovakia [8].
In this country there has been developed use of biotechnologies
to produce biogas from the so-called biodegradable wastes.

Therefore, clearing natural water bodies from cyanobacte-
ria is capable of providing two positive aspects — to clear and
improve the sanitary conditions of water infested by a hyperac-
tive biological pollutant and to obtain a valuable raw material
for bioenergetics and fuel production. Subjecting the cyano-
bacteria biomass of the Kremenchutske Reservoir to fermenta-
tion during methane “digestion”, we can obtain 30 million m?
of biogas which, according to its calorific efficiency, is equal to
18.8 million m?® of methane gas, 20 thousand tonnes of oil or
17 thousand tonnes of diesel [2].

Literature review. A great amount of easily accessible and
relatively cheap biological raw material, which blue-green algae
appeared to be, could not fail to draw attention of specialists in
bioenergetics [2]. Experts in the field of converting biological ma-
terial into fuel for internal combustion engines are also interested
in this raw mass [6]. As a result of their research, standard tech-
niques and procedures have been developed to convert blue-green

algae into biogas as well as to process them by extracting lipids and
fatty acids, which are the basis for producing biodiesel fuel.

The first stages of these technologies are related and in-
clude removing blue-green algae from the surface of water
bodies, separating them from water in accumulative columns
or special tanks and preparing the substrate of algal biomass.
To obtain biogas, the substrate is loaded into methane-tanks,
where at the temperature of 60 °C through the method of
“methane digestion”, there is fermented biogas which is di-
rected to a gas collector. Within the procedure of producing
biodiesel fuel, the substrate of biomass is subjected to extrac-
tion in order to educe lipids and fatty acids. From this raw ma-
terial, biodiesel is produced using the conventional technolo-
gy — etherification of vegetable oils [9]. The product yield in
each of these technological processes is limited to a certain
extent by the level of homogenisation, i.e. decomposition of
raw biomass [10] (blue-green algae), or, elsewise, openness to
mass exchange of the biomass localized inside the cellular
membrane of a cyanobacterium. The outer membrane of these
bacteria is resistant to external influences, which conditions
low intensity of processes and synthesis of biogas, and to ex-
traction of lipids [11]. As a result, this does not allow taking full
advantage of energetic potential of the biomass.

Unsolved aspects of the problem. In the technological pro-
cesses of producing biogas from biodegradable wastes [12],
which are quite close to the process of blue-green algae treat-
ment, the final stage of “methane” digestion is preceded by the
stage of preparing the raw material [12]. In particular, the au-
thors of [13] include mechanical grinding of the raw material
followed by its further filtering and mixing with water to pre-
pare suspense at the preparation stage. However, these techno-
logical preparation processes are hardly suitable for preparation
of water suspense and biomass substrate of blue-green algae.
Application of techniques for mechanical disruption of bacte-
rial outer membranes appeared to be ineffective due to their
small size. That is why search for more efficient methods for
intensification of extracting intracellular content of blue-green
algae continues. Quite a powerful method of destructive effect
on cyanobacteria is suggested in [14]. The authors studied the
use of cavitational phenomena to intensify disruption of mem-
branes and walls of blue-green algae with the purpose of more
complete and faster extraction of their intracellular content.

Prior research studies revealed that in the selected samples
of blue-green algae, mass volume of lipids made about 1.27 % of
the volume of the dry mass of these algae. Experimentally, it
was revealed that from this mass it is possible to extract lipids in
amount of about 0.32 % of dry mass of the algae. This makes on
average 25.2 % of the total amount of lipids which are available
in the sample. Such insignificant percentage, which makes only
a quarter of the total amount of lipids in the biomass sample
under analysis, is explained in the following way. Bacterial cell
walls of cyanobacteria appeared to be rather firm and hardly
penetrable for extraction. As a result, the intracellular content
of bacteria, which is the main source of lipid extraction, is not
fully released. Therefore, to increase the percentage of the prod-
uct yield, i.e. lipids in this case, additional external energetic
influence is required to destroy cell walls of cyanobacteria [11].

This is proved by the results of research on the influence of
hydrodynamic cavitation activated by a bladed cavitator on the
product yield when extracting lipids from cyanobacteria. Ii is
determined that application of cavitation increases the volume
of lipid extraction up to 0.45 % of the volume of the dry mass.
This makes about 35 % of the total volume of the lipids avail-
able in the sample. Thus, the use of hydrodynamic cavitation
increases the efficiency of the process of extracting lipids from
blue-green algae by 10 %.

Similar increase in the product yield due to cavitational
homogenisation of the blue-green algae biomass was also de-
termined in the technological process of fermentation of bio-
gas through “methane digestion” [11]. Experimentally, it was
found that preliminary ultrasonic cavitational treatment of the
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biomass provides the increase in the amount of synthesised
biogas by 10—15 %, while hydrodynamic bladed cavitational
treatment — by 15—20 %.

Therefore, homogenisation of the biomass suspense of blue-
green algae through ultrasonic cavitational treatment allowed
increasing the product yield, i.e. the efficiency of biogas fermen-
tation by “methane digestion” from 25—26 m? from one tonne of
the biomass to 27.5—28.5 m?, while homogenisation through hy-
drodynamic bladed cavitational treatment — up to 28.5—30 m®.

The cavitational treatment of water suspense of blue-green
algae extensively destroys walls of algae and releases their intra-
cellular content. This occurs due to formation of shock micro-
waves at collapse of cavitation microbubbles, interchange of
pressure and depression zones as well as intensive impact of
chemically active oxidation agents of radicals OH™ and hydro-
gen dioxide O,Hj;, which self-generate in the cavitation field, on
the membrane and shell of algae. This technique is covered by
the useful model patent of Ukraine [15] and it suggests that hy-
drodynamic cavitation is applied at the stage of “extraction and
bio-degradation”, which increases the rate of destroying the
walls of cyanobacteria by 20—25 % [11]. However, it is obvious
that the intended effect was not achieved because of insufficient
intensity of the cavitation field formed by bladed cavitators.

Purpose. The purpose of the research is to improve the
technological process of fermentation of blue-green algae as a
raw material for producing biogas through “methane diges-
tion” applying homogenisation of the algae biomass by vibro-
resonance cavitation treatment.

The tasks of the research involved:

- experimental research on possibility of applying low-
frequency vibration for homogenisation of the blue-green al-
gae biomass;

- comparative assessment of efficiency of ultrasonic, hy-
drodynamic bladed and low-frequency vibro-resonance cavi-
tation treatment methods for blue-green algae;

- improvement of the design of the electro-magnetic vi-
bro-resonance cavitator for its use for homogenisation of the
blue-green algae substances;

- development of the improved process flow schematic of
converting the blue-green algae biomass into biogas using vi-
bro-resonance cavitators.

Results. Scientists of the NU “Lviv Polytechnic” have de-
veloped a fundamentally new type of cavitation method which
is suitable for productive high quality treatment of water-based
liquids including liquids with higher viscosity compared to wa-
ter. These techniques are united by the common name “vibro-
resonance cavitators”. The advantage of the vibro-resonance
cavitators is high efficiency of the cavitation treatment of lig-
uids up to 1.5—1.8 m?/h. At the same time, they allow process-
ing the liquid both discontinuously and in continuous flow.
The characteristic feature of vibro-resonance cavitators is acti-
vation of the cavitation field with vibrating deck plates across
the cross-section of the flow process chamber. The research on

the working experimental models of vibro-resonance cavita-
tors gave evidence of their relevance for efficient cavitation
treatment of water suspense of blue-green algae with the pur-
pose of releasing their intracellular content [16]. Based on this
data considering specifics of cavitation treatment of suspense
of blue-green algae, a process flow schematic of the improved
version of the vibro-resonance cavitator for homogenisation of
the blue-green algae biomass has been developed.

Fig. 1 shows the schematic diagram of the vibro-resonance
cavitator, which can be used for homogenisation of the cyano-
bacteria biomass due to the improved construction design of its
cavitation initiators. The main constructive units of this vibro-
cavitator are pipeline 6 to supply the water suspense of pro-
cessed biomass, operation chamber 9 and pipeline /4 for pro-
cessed liquid removal. Flexible corrugated pipes & and 72,
which connect the operation chamber 9 with the pipelines 6
and 74, allow the operation chamber to move spatially along its
geometrical axis. On the pipelines 6 and 74 there are set im-
movable reaction masses //, in which driving electromagnets
of oscillating movements of the operation chamber are fixed on
cases 4. The electric drive contains circular stator /5 and coil 3.
On the operation chamber 9 there is installed a ring armature
10. The operation chamber 9 coupled with the ring armature 70
due to corbel-pieces 2 and pins 5 is springily set up on the reac-
tion masses /1. Fixed on the pipelines of supply and diversion
of the processed water, circular stators /5 with windings 3 to-
gether with the ring armature /0 placed between them form
electromagnetic drive of the vibro-cavitator. The magnet wind-
ings are connected to the mains with phase displacement. This
provides alternating dragging of the ring armature /0 with the
operation chamber 9 to the left and to the right electromagnet.
Therefore, tentative movements of the operation chamber 9 are
provided lengthwise its geometrical axis with a frequency ex-
ceeding the frequency of electrical network twofold. At the
standard frequency of electrical network of 50 Hz, the oscilla-
tion frequency of the operation chamber makes 100 Hz.

Inside the operation chamber 9, a deck plate 7 is rigidly
fixed; its surface is perforated with holes for flowing of the lig-
uid processed. During the treatment of liquid, the deck plate 7
oscillates along with the operation chamber 9, i.e. it acts as an
oscillatory deck plate. Similar, yet immobile, deck plates 13
are attached to the pipelines of supply and diversion of the lig-
uid. A protective cover [ protects moving elements of the vi-
bro-cavitator from intrusion of foreign objects.

The operation concept of this electromagnetic vibro-cavi-
tator is described in detail in the useful model patent of
Ukraine No. 107769 [16].

However, in this version, this vibro-cavitator will not pro-
vide the proper quality of treatment of water suspense of the
cyanobacteria biomass. This is conditioned by the fact that
cavitation agents, which are present in oscillatory 7and immo-
bile /3 deck plates as tapered holes, will be silted with bacteria.
This will rapidly decrease the intensity of the cavitation field

I
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Fig. 1. Schematic diagram of the improved vibro-resonance cavitator with electromagnetic drive for homogenisation of blue-green algae

biomass
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and, respectively, the quality of homogenisation of cyanobacte-
ria. To eliminate this drawback, on the oscillatory deck plate 7
and immobile deck plates /3 fixed on the pipelines there are
installed special cavitation agents /6 facing one another with
their end faces. The outer surface of the cavitation agents is in
the form of a hyperboloid of revolution, while the end surface is
given the form of a hemisphere inscribed in a hyperboloid with
the radius which is equal to double swing amplitude of the oscil-
latory deck plate 7. The minimum distance between the adja-
cent cavitation agents /6 situated on the shared deck plate is
equal to the oscillation amplitude of the deck plate 7, while the
minimum distance between oscillatory and immobile cavitation
agents 16 is equal to swing amplitude of the deck plate 7. Fig. 2
shows flow of processed water suspense around cyanobacteria
biomass of the cavitation agents /6 and formation of a cavitation
field at harmonic oscillations of the operation chamber.

In the course of motion of the oscillatory deck plate 7 from
one immobile deck plate to another /3 (opposite), the pro-
cessed liquid at a high speed flows around the outer hyperboloid
surface of those cavitation agents /6 which are moving away
from the immobile deck plate 73. Having gone round the outer
surface of the moving cavitation agents /6, the processed liquid
swirls into their inner spherical recess (Fig. 2). At the recom-
mended oscillation amplitude of the deck plate 4 = (1.5—
2.0) mm and frequency of 100 Hz, the speed at which the pro-
cessed liquid flows around the outer surface and swirls into their
inner spherical recess of the cavitation agents /6 makes approx-
imately (1.4—2.0) m/s. Due to the increase in the pressure, lig-
uid jets lose their density; going round the cavitation agents
liquid streams swirl into their inner spherical recesses and turn
from laminar flows into turbulent flows. At the same time, from
the air and gases dissolved in water behind the spherical recess
in the cavitation agents /6 there are formed cavitation cavities.

Our laboratory studies revealed that the efficiency of cavi-
tation treatment of blue-green algae increases when supplying
gas to the cavitation zone of the operation 9. This is condi-
tioned by the additionally supplied gas compensating for the
phenomenon of degassing of the processed liquid in the cavi-
tation field as well as by a possibility of formation of additional
oxidizing radicals destroying the walls of bacteria provided the
gas is available. Oxygen and cheaper nitrogen appeared to be
the most efficient during the cavitation treatment of blue-
green algae. Formed in the cavitation field, the radicals of the
former demonstrate high oxidation capacity, while the radicals
of the latter — increased chemical activity. All these newly
formed compounds in the cavitation field activate corrosion
and destruction of the walls of blue-green algae, whereas high-
frequency micro-shocks from the collapse of cavitation micro-
bubbles complete the destructive processes successfully. The
amount of gas flow within the range of (0.15—0.25) m? per cu-
bic meter of the processed substrate appeared to be efficient.

When designing electromagnetic vibro-resonance cavita-
tors, one relies on specific efficiency of the cavitation treat-
ment of water suspense and technological duration of cavita-
tion treatment of a portion of the liquid filling up the operation
chamber 9. Discrete (batchwise) or continuous nature of the
treatment of liquid is also taken into account. From these con-
siderations, the volume of the operation chamber and diame-

Fig. 2. The scheme of formation of the cavitation field at low
frequency harmonic oscillations of the cavitation agents
(the numbers of positions are borrowed from Fig. 1)

ters of pipelines of supply and diversion of the processed liquid
are calculated and specified.

Calculation of elasticity of oscillating systems (cylindrical
rods 5) of the power of the drive electromagnets and their
structural elements (the shape and size of the electromagnetic
iron, the cross-section and the number of turns of the wind-
ing, etc.) is done according to the methods for the calculation
of vibration machines with electromagnetic drive. Efficient
work of vibro-resonance cavitators as well as that of cavitators
of other types and operating principle is based on energy im-
pact on the liquid environment, which is accompanied by loss
of strength of intermolecular bonds of liquid and self-pertur-
bation of specific cavitation phenomena in it.

The efficiency of application of the vibro-resonance cavi-
tator of the suggested design for homogenisation of blue-green
algae biomass, which is accompanied by destruction of its
membrane and release of the intracellular content, was tested
on the working model of a vibro-cavitator. Fig. 3 shows a pho-
tograph of the working model of a vibro-cavitator for ho-
mogenisation of blue-green algae biomass with a control panel
for the power supply network.

The main constituent elements of the working model of a
vibro-cavitator are a cylindrical operation chamber with the
volume of 1 dm?, a system to supply blue-green algae substrate
and gas to it, an electromagnetic vibration motor with an oscil-
latory deck plate attached to it along with cavitation agents and
power supply network of the vibration motor.

The cavitator fixed on the immovable foundation consists
of two parallel tubes vertically arranged one on the other,
which are connected with a metal ring. The connecting metal
ring is equipped with branch pipes for supplying the treated
liquid and concurrent gases as well as a nozzle for fastening the
manometer which lock pressure in the operating space of the
cavitator. Above the cavitator on the immovable platform there
is fixed an electromagnetic vibration motor of the cavitator,
which consists of an electromagnet placed in the housing
along with the winding coil and an oscillating armature
mounted on the resilient elements. A rod, whose loose end is
guided inward the cavitator, is attached to the armature.

The moving deck plate along with cavitation agents at-
tached to it is rigidly fixed to the rod guided inward the cavita-
tor. The shape of the cavitation agents corresponds to the
shape of the agents described above, presented in Figs. 1 and 2.
Below the moving deck plate on a plate attached to the bottom

Fig. 3. The photograph of the working model of a vibro-cavita-
tor for homogenisation of blue-green algae biomass with a
control panel for the power supply network
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of the cavitator an immobile deck plate is positioned together
with cavitation agents reverted with their end surface to the
moving deck plate agents. Apart from cavitation agents, open-
ings for the flow of the treated fluid are applied to equip the
moving and immobile deck plates.

The electric control network for electromagnetic drive of
the vibro-cavitator is equipped with a laboratory autotrans-
former in order to control electromagnets power supply as well
as with a wattmeter to record its energy input.

The programme of experimental research on the efficiency
of vibro-resonance cavitation treatment of blue-green algae
substrate required a number of stages:

- at the first stage, optimal conditions for vibrational
modes of cavitation agents were defined;

- at the second stage, rational duration of cavitation treat-
ment of water suspense of blue-green algae was established;

- at the third stage, the impact of types and volumes of the
gas suppled to the cavitator on the efficiency of cavitation
treatment of blue-green algae was studied.

The purpose of the first stage studies was to establish opti-
mal parameters of the power supply of the vibration motor
electromagnet at which the highest intensity of spatial dis-
placements of the cavitation agents is provided at a minimum
level of energy consumption as well as the highest intensity of
the cavitation field in water suspense of blue-green algae. In
this regard, the cavitator war filled to 0.75 of its volume full
with water suspense of blue-green algae in 1:1 ratio of the water
volume to the volume of the substrate of blue-green algae.
Given definite and constant oscillation amplitude of the deck
plate with cavitation agents, for example, A = 2 mm, changing
electric drive power supply within the range of 25—100 Hz with
a frequency controller, we measured the power value of elec-
tricity consumption after every other 2.5 Hz. Stability of oscil-
lation amplitude of the deck plate with cavitation agents was
achieved by regulating the magnitude of the power current of
the electromagnet coil winding with the autotransformer.

It was established that minimum power consumption of
the vibration motor at the cavitation treatment of blue-green
algae using the vibro-cavitator under analysis is observed for
the oscillation amplitude A =2 mm at the frequency of power
supply voltage /= 37 Hz, at which the moving deck plate os-
cillates with the frequency f; = 74 Hz. This frequency for the
oscillating system of this vibration motor coincides with its
own frequency, i. e. when the oscillating system operates in a
mode close to the resonance.

At the second stage, the rational duration of cavitation treat-
ment of blue-green algae was determined. For this purpose, the
cavitation treatment of blue-green algae was performed at the
oscillation frequency of the deck plate with cavitation agents be-
ing f; = 37 Hz, and the amplitude 4 = 2 mm during different
periods of time from 1 minute to 10 minutes. Ultimate efficiency
of the treatment was the controlled variable and it was assessed
according to the amount of the biogas obtained from algae sub-
strate through cavitation treatment. Biogas was produced as a
result of fermentation of the biomass of blue-green algae sam-
ples applying the laboratory test facility for “methane diges-
tion”; for fermentation anaerobic microorganisms were used.

It was found that with increasing duration of the cavitation
treatment of suspense of blue-green algae, the amount of bio-
gas obtained as a result of their anaerobic fermentation in-
creases as well, asymptotically approaching certain values
which depend on algae concentration. At the same time, with-
in the first 4—5 minutes of the cavitation treatment the rate of
increase in biogas output is quite high, whereas within the last
4—5 minutes it decreases significantly. Thus, within the first
5 minutes of the treatment, the volume gain of the biogas ob-
tained increased ever minute reaching the value of 24 dm? out
of 0.75 dm? of the processed suspense of the algae treated cav-
itationally. Another 5 minutes which followed increased gas
output by 10—15 % only. This allows considering the duration
within 4.5—5.0 minutes to be the efficient duration of vibro-

cavitation treatment of suspense of blue-green algae provided
the above cavitation parameters (f; = 37 Hz, A =2 mm).

At the third stage, the impact of the gas supplied to the
operating space of the vibro-cavitator on the efficiency and du-
ration of cavitation treatment of blue-green algae was studied.
For this purpose, gases, namely, oxygen and nitrogen were
supplied to the operating space of the vibro-cavitator with the
flowrate of 0.15—0.2 dm?3 per 1 dm? of the treated suspense. It
was established that the supply of gases to the zone of the cavi-
tation treatment increases the gas output out of the substrate
on average by 5—10 %. Moreover, the optimal duration of the
cavitation treatment decreases from 5 minutes to 4 minutes.
The efficiency of oxygen supply appeared to be higher than
that of nitrogen by 15—20 % only. However, considering the
high cost of oxygen and significant volumes of the biomass to
be treated under production conditions, it becomes obvious
that it is reasonable to focus on cheaper nitrogen.

Therefore, the experimental research on vibro-cavitation
treatment of water suspense of blue-green algae proved that
due to increasing the intensity of the formed cavitation field,
this method for algae homogenisation is by 10—15 % more ef-
ficient than the bladed hydrodynamic method and by 15—20 %
more efficient than the ultrasonic cavitational treatment.
Moreover, it was revealed that the supply of the gas relating to
the cavitation treatment to the operating space of the vibro-
cavitator increases the product yield by 5—10 %. Of the two
gases under study, namely, oxygen and nitrogen, the supply of
oxygen appeared to be more efficient with the flowrate of
0.15—0.20 dm? of the gas per 0.75 dm® of the substance treated.
The optimal duration of the cavitation treatment of blue-green
algae has also been determined. For the vibro-cavitator model
under studies, it makes approximately 4—4.5 minutes at the
oscillation amplitude of cavitator agents A = 2 mm and fre-
quency f; =74 Hz.

Summarising the results of the experimental research, we
can note the following. First of all, it was experimentally
proved that pre-treatment of the blue-green algae biomass in-
creases the product yield, i.e. obtaining biogas after fermenta-
tion by “methane digestion”. At the initial reference values of
the product yield (biogas) in equivalent of 1 tonne of the bio-
mass within 25 m? of the biogas [14], application of biomass
homogenisation through the cavitation treatment in the tech-
nological process of cyanobacteria biomass preparation in-
creases the volume of generated biogas by 1.4 times. Moreover,
the ultrasonic cavitational treatment of the biomass according
to the results in [11] increases the product yield (biogas) by
10—15 %, which in equivalent makes 27.5—28.75 m> of biogas
out of 1 tonne of raw material. The hydrodynamic bladed cav-
itation treatment of the biomass increases the volume biogas
output up to 28.5-30 m?, i.e. by 15—20 % more compared to
fermentation of raw material without its pre-treatment [11].

Vibro-resonance cavitation pre-treatment of blue-green
algae biomass by homogenisation appeared to be the most ef-
ficient. Provided optimal technological parameters with the
oscillation amplitude of cavitation agents 4 = 2 mm, oscilla-
tion frequency f'= 74 Hz and supply of gas (oxygen or nitro-
gen) to the operation chamber of the vibro-cavitator, ensured
product yield amounts 33.0—34.5 m>. This exceeds the prod-
uct yield obtained at conventional methods of “methane di-
gestion” without homogenisation cavitation treatment of algae
biomass by 1.4 times. The fact that the volume of the product
yield (biogas) with the vibro-cavitation pre-treatment of the
biomass exceeds this factor with the hydrodynamic treatment
by 10—15 % and ultrasonic cavitational treatment by 15—20 %
can be easily explained. The ultrasonic cavitational treatment
provides high intensity level of the cavitation field only in the
section where a magnetostricter is immersed in liquid, i.e. it is
characterised by a “point” source of cavitation activation.
When moving away from the magnetostricter, the cavitation
field decreases its intensity rapidly, which does not provide
proper destructive effect on cyanobacteria walls.
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In steady-state operation of the bladed hydrodynamic cav-
itator, the treated liquid in the operation chamber is whirled by
blades up to the speed which is commensurate with the tra-
verse speed of the blades themselves. At the same time, relative
moment speed of the blades and liquid decreases, which also
reduces the intensity of the formed cavitation field. Vibro-res-
onance cavitators do not have these drawbacks.

Based on the data of the experiment research on vibro-
resonance cavitation treatment of blue-green algae suspense
taking into account design capabilities and features of the de-
veloped design of an industrial vibro-cavitator, an improved
process flow diagram of the process of converting blue-green
algae suspense into biogas is suggested. This flow diagram is
shown in Fig. 4 and includes three main blocks.

The diagram provides three main blocks, in particular:
Block I is a block of storing raw material and preparing blue-
green algae suspense; Block II — a block of vibro-resonance
homogenisation of algae suspense; Block I1I — a block of fer-
mentation of biogas through anaerobic “methane digestion”.
Consequently, the treatment of raw material is conducted in
three stages. At the first stage, blue-green algae, which has been
removed from open water bodies or grown in water baths-reser-
voirs, are poured along with water into storage-sediment
chambers (Position 7 in Fig. 4). After 25—30 minute sedimen-
tation, the blue-green algae, whose specific weight is less than
that of water, detach from water, i.e. they rise to the upper part
of the storage while water settles to the bottom. The water from
the storage is poured into a water body or baths-reservoirs for
growing raw materials, whereas ready-made water suspense of
blue-green algae is supplied to the block of vibro-cavitation ho-
mogenisation using pumps. Here, 2—3 industrial vibro-reso-
nance cavitators are installed. Apart from the cavitators, Block
II includes a substation 3 supplying gas to the cavitators and
regulating equipment 4 of changing over the flows of the treated
suspense between the cavitators using pneumatic slide valves 5.

After cavitation treatment, the biomass of the treated blue-
green algae homogenised in the cavitators is supplied to an in-
termediate storage unit 6 where it is disengaged from extra
water. The filtered water is poured into a sediment chamber 7,
while the prepared biomass substrate goes to Block III into a
fermentation chamber & for converting it into biogas. Along
with the algae biomass, anaerobic bacteria are supplied into
the chamber & from a bio-substation 9; they ferment biogas
absorbing the algae biomass. To accelerate the process, the
biomass loaded into the fermentation chamber is heated up to
temperature of 60 °C. From the fermentation chamber, the
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Fig. 4. Schematic diagram of the process of converting blue-
green algae into biogas thorough vibro-cavitation ho-
mogenisation of biomass:

1 — raw material storage; 2 — vibro-resonance cavitators; 3 — gas
supply substation; 4 — regulating electrical equipment; 5 — pneu-
matic slide valve switch of liquid flow; 6 — intermediate storage
unit; 7 — sediment chamber; 8 — fermentation chamber; 9 — bio-
substation of anaerobic bacteria; 10— gas storage substation; 11—
storage unit for treated raw material

generated biogas is pumped out to a gas substation /0 where it
fills special reservoirs and containers for further use. The
worked-out gas fermentation products are removed from the
chamber & and directed to a special storage unit /7 for further
conversion into organic fertilizers for plant nutrition. There-
fore, non-wastefulness of the technological process of treat-
ment of blue-green algae is provided.

Taking into account the duration of the gas fermentation
process, which lasts for a few tens of days, it can be noted that
in order to ensure regular operation of one fermentation cham-
ber with a volume of 100 m?, it is enough to apply two alternat-
ing vibro-cavitators of the design described above with a cross-
section area of the working chamber of 10 inches.

Generated gas is mainly used as fuel for heating water of
heating systems of greenhouse facilities or household and in-
dustrial premises. Taking into account sufficiently high calo-
rific efficiency of biogas, which comes short of this parameter
of natural gas methane by 15—20 %, biogas can be successfully
employed for bioenergetics as well.

The difference of the suggested technological process of con-
verting blue-green algae into biogas from conventional unit pro-
cesses is in additional installation of Block II of cavitation ho-
mogenisation of biomass in it. Naturally, its installation, func-
tioning and maintenance require additional costs. However, in-
crease in the product yield, i. e. biogas, by 35—40 % at consider-
able volumes of algae treatment not only covers the costs for in-
stallation and functioning of the block of cavitation homogenisa-
tion of raw material, but will also provide extra revenue.

The capability of destroying cyanobacteria walls, which is
accompanied by release of intracellular content and complete
destruction, allows applying vibro-cavitators successfully for
decontaminating water of ponds of fish breeding farms from
biological pollution, in particular, of small and shallow reser-
voirs for nursery (fry) culture. They are also suitable for purifi-
cation of water from biological and organic pollution in small
reservoirs for public use, including swimming pools, ponds,
lakes, etc. In this case, a cleaning substation equipped with
vibro-cavitators with their operation control panel is set up on
the bank of a water body. Water is supplied by pumps to the
vibro-cavitators in the operation chambers of which organic
pollutants are oxidized and walls of bacterial cells are de-
stroyed. After short-term settling, the water is returned to a
water body, while the settled silty mud is converted into or-
ganic fertilizers for plant nutrition.

Therefore, it can be noted that the results of the given research
fully relate to two significant aspects of humanity. First of all, this
is improvement of environmental ecology due to destruction of
active pollutants of natural water, which cyanobacteria are. At the
same time, an important area of the electric-power industry is
improved; this is bioenergy, which is based on application of re-
newable energy sources, which blue-green algae are.

The research findings also contribute to enhancing the
sphere of industrial use of cavitation. The specific form of vi-
brational cavitation agents in the suggested design of a vibro-
cavitator makes it possible to use them successfully for cavita-
tional decontamination of water liquids with higher density and
viscosity, compared to water, from biological pollutants. This
opens the prospect of successful use of theses vibro-cavitators
for purification of water from organic and biological pollution
of industrial waste effluents of higher density and viscosity of
enterprises of refining and food processing industries, for ex-
ample, brewing enterprises, yeast-production companies, etc.

Conclusions.

1. It was experimentally established that homogenisation
of blue-green algae (cyanobacteria) biomass through their
cavitation treatment due to the destructive effect of cavitation
on bacterial walls and fuller release of intracellular content of
bacteria promotes the increase in the product yield (biogas)
volume by 35—40 % in the technical fermentation process
through “methane digestion” enhancing the fermentation of
biogas from 1 tonne of biomass substrate from 25to 34.5 m®.
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2. Among various conventional methods for cavitation
treatment of liquids for algae, the vibro-resonance cavitation
treatment appeared to be the most efficient at the oscillation
amplitude of cavitation agents 4 = 2 mm and frequency
f =74 Hz. This treatment increases biogas fermentation by
1.35—1.4 times, which exceeds the product yield (biogas) by
10—15 % when using hydrodynamic bladed cavitation and by
15—20 % when using ultrasonic cavitation treatment for ho-
mogenisation.

3. Improvement of the design of low frequency vibro-reso-
nance cavitators through equipping their oscillatory elements
with cavitation agents of a particular structure not only pro-
vided increase in their efficiency up to 1.0—1.5 m3/h, but also
enhanced biogas fermentation from 1 tonne up to 33.0—34.5 m?
(by 35—40 %) due to improved quality of blue-green algae bio-
mass homogenisation.

4. The improved process flow schematic of fermentation
conversion of blue-green algae into biogas includes three main
blocks, namely: a block of storing and preparing blue-green
algae water suspense, a block of blue-green algae biomass ho-
mogenisation by vibro-cavitators and a block of fermentation
of biogas through “methane digestion”. In this case, the prod-
uct yield, i. . biogas, from 1 tonne of the blue-green algae bio-
mass increases up to 34.5 m?® due to vibro-cavitation ho-
mogenisation, which is equal to 0.7 tonne of oil and 0.6 tonne
of diesel fuel by calorific efficiency and exceeds these factors at
biogas fermentation without applying cavitation homogenisa-
tion by 40 %.
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Po3poOka TexHoorii mepepodku Giomacu
CHHBO-3€JIEHUX BOAOPOCTENi i3 BUKOPHCTAHHAM
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biomaca cuHbO-3eeHUX BogopocTelt (LiaHoOaKTepiii) —
JIETKOIOCTYIHA 1 AeleBa CUPOBUHA ISl IepepoOKU Ha 0io-
ra3. PiuHi 3anacu HaKONTMYEHHSI CUHbO-3€JIEHUX BOIOPOCTEN
Ha MiJKOBOASX Jniie KpeMeHUylIbKOro BOIOCXOBUIIA CSI-
raiote 4,14 - 107 ToH. OnHaK BiIoMi TeXHOJIOTIT ,,METAHOBOTO
OpomiHHS“ cyOCTpaTy BOJOPOCTEl HETOCKOHAI Yepe3 Hello-
CTaTHill piBeHb BUXOJy TOTOBOI'O IPOAYKTY, TOOTO Oiora3sy.
Lle 00yMOBJIEHO TiABUIIEHOIO CTIMKICTIO CTIHOK LIMX OaKTe-
piii 10 pyiiHYBaHHSI, 110 3HUXXYE BUBUIBHEHHS 1X BHYTPiKJIi-
TUHHOTO BMICTY, SIKMIi i € OCHOBOIO cyOCTpaTty Giomacu.

Meta. Y10cKOHaJIeHHSI TEXHOJIOTIYHOrO Tpoliiecy ¢ep-
MEHTallil CUHBO-3€JIEHUX BOIOPOCTEIl IK CUPOBUHMU [UISI BU-
TOTOBJIEHHSI, ,,M€TAaHOBUM OpOAIHHSAM ™, Oiorasy ILISIXOM To-
MOTeHi3allii 6ioMacu BOAOPOCTEIl BiOPOPE30HAHCHOIO KaBi-
TaliliHOI 0OPOOKOIO.

Y OCHOBHI 3a/1a4i 1OCTiTXKEHHSI BXOIUIU:

- YIOCKOHAJIeHHsI KOHCTPYKIIil €JIeKTPOMarHiTHOTro Bi-
OpOPE30HAHCHOIO KaBiTaTopa 3ajulsl MOro MpUAATHOCTI st
romMoreHizanii cyocTaH1iii CMHbO-3€JIEHUX BOJIOPOCTEN;

- po3po0Ka BIOCKOHAJIEHOI MPUHILIMITIOBOT TEXHOJIOTIYHOL
CXEMHM TIepepoOKMu GiomMacu CHMHBO-3eJICHMX BOIOPOCTEil Ha
bioras i3 BUKOpUCTaHHSIM BiOpOpe30HAHCHUX KaBiTaTOPiB.

Mertoauka. 3aCTOCOBaHO KOMIUIEKCHMIA TTiIXiJT, 1110 BKITIO-
Yyae MOEAHAHHS aHAITUYHMX i TEOPETUKO-EKCIIEPUMEHTAITb-
HUX TOCTiIKEHDb MPOLIECiB aHaepOOHOTO METAaHOBOTO OPOIiH-
Hs1. SIKiCHUIA BMICT MPOAYKOBaHOTO LliaHOOAKTEPisIMU Giorasy
BU3HAYaJIM i3 BMKOPUCTAHHSAM METOAMKH CIIEKTPaJIbHOTO
aHajizy. JlocniakeHHsl TMHaMiky BiOpoKaBiTaTopa 31iliCHIO-
BaJIM METOJIAMU T€OPii KOJTMBAaHb CUCTEM i3 IBOMA CTYITEHSIMU
BUIbHOCTI. 13 BUKOpUCTAaHHSIM HaOJIMXKEHUX METOMIB Teopil
KOJIMBaHb BU3HA4ye€Hi ONTUMAaJbHi IMapaMeTpu BiOpoKaBiTa-
LiiTHOT roMoreHi3allii BOAHOI CycreH3ii [iaHoOaKTepiid.

PesynbraTi. /10 OCHOBU BIOCKOHAJIEHHST TEXHOJIOTII TIepe-
POOKM CUBO-3€JIEHUX BOAOPOCTEH y 6ioras mokjiaaeMo 101aTKO-
BE BKJIIOYEHHSI JI0 Mpolecy 0JIoKy romoreHizauii 6iomacu. ['o-
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MOT€eHi3allist, TOOTO IMOBHE BUIICHHS! BHYTPIKJIITUHHOTO BMICTY
OakTepiii, MOKIaeHa Ha ONepallilo KaBiTaliliHOI 0OpoOKHU BO-
JISTHOI CyCTeH3ii BOIOpoCTeil BiOpOpe30HAaHCHUMM KaBiTaTopa-
MM BIOCKOHAJIEHOI KOHCTpYKIIii. BiOpokasitarop 3abe3mneuye
KaBiTalliiiHy rOMOTIeHi3allil0 CyCIeH3ili BOIOPOCTei i3 MpoayK-
tusHicTio 0,75—1,0 M?/roa. 3arnponoHoBaHUil TEXHOIOTYHMIA
MpoLEC MepepodKr BioMacu BOIOPOCTEH BKIIIOUAE TPU OCHOBHI
eTaru: eTarn HaKOMUWYeHHSI 1 MiArOTOBKM CYCIIEH3ii; eTar miaro-
TOBKU CcyOCTpary OioMacH BOIOPOCTEl Ta IX TOMOTeHi3alli€lo Bi-
OpOpEe30HAaHCHMMM KaBiTaTopaMu; eTar (epMeHTalii Giorasy
,,METAaHOBUM OpPOIiHHAM . BUXill rOTOBOrO MpoayKTy, TOOTO Oi-
orasy, Ipy LIbOMY, 3aBISIKM 30UTbIIEHHIO BiOPOKAaBITALIIEIO BUITi-
JIEHHS i3 6aKTepiit iX BHyTPiKJIITUHHOTO BMICTY, 301IbILIYETHCS B
1,4 pasu i csarae 33,0—34,5 M Giorasy i3 1 ToHu Giomacu.

HaykoBa HoBu3Ha. [IOTIOBHEHHSI TUITOBMX TEXHOJIOTIYHMX
TMPOILIECiB MEPEPOOKU CUHBO-3€IEHUX BOJOPOCTEN €TarloM iX ro-
MOTeHi3allii BiOpoKaBiTalli€lo 3 KiHLIEBOIO METOIO TTiIBUILIEHHS
BMXOJY TOTOBOT'O ITPOIYKTY aBTOPaMU 3aITPOITOHOBAHO BIIEPIIIE.
e piteHHs1 3a6e3meuye OUTbLI SIKiCHY TOAATbLIY (hepMEHTALIiI0
cyocTpaTy 6GioMacH 3 TTiIBUILIEHHSIM OUIBLI HiXK Ha TPETUHY IPO-
JYKTUBHOCTI YTBOpPeHHsI Oiorasdy. Mae ejeMeHTaMM HayKOBOI
HOBU3HM i yIiepliie 3arporioHOBaHa KOHCTPYKILisl €JIeKTpoMar-
HITHOTO BiOpOKaBiTaTOpa pe3oHaHcHoi aii. CretudivyHa popma
110ro KOJIMBHMX 30ypIOBayviB KaBiTallii Hama€ yHiKaabHy MOKIIY -
BiCTb SIKiCHOI KaBiTalliliHOT 0OpOOKU PIIMHHUX CyOCTaHIIi Mif-
BMILEHOI, TTIOPIBHSIHO 3 BOIOIO, TYCTUHMU i1 B’s13kocTi. Came 1ie i
JIO3BOJISIE 30ypIOBaTU KaBiTalliliHe T10JIe BUCOKOI iHTEeHCUBHOCTI
B HACUYEHii1 BOIOPOCTSIMU PiIMHHIN CyOCTaHILIji.

IIpakTiyna 3nauumicTh. [Tossirae y B1OCKOHaJIEHHI TEXHO-
JIOTIYHOTO mpolecy depMeHTallii 0iorasy i3 CUHbO-3eJIEHUX
Bopopocteil. [s peanizanii kaBiTailiiiHoi 0OpoOku Giomacu
3aMpOIIOHOBaHA BIOCKOHAIEHAa KOHCTPYKIIisl BiOpoKaBiTaTropa
3 ypaxyBaHHSIM crieln(iky KaBiTaliitHO1 0OpOOKHM piluH Tii-
BUILEHUX TYCTUHM Ta B’SI3KOCTi. [TpoayKTUBHICTL BiOpOKaBi-
TaTopa 3 MornepevyHuM repepizom podouoi kamepu 10 moiimis
pu 06po6ui 6iomacu cranoButs 0,75—1,0 M3/ron. Lsoro no-
CTaTHBO JUIST 3a0e3MeYeHHsI JBOMa IMOYEProBo MPaIfol0uYuMu
BiOpoKaBiTaTopamu 0e3mnepediiiHoi poOoTH (hepMeHTalliifHOT
Kamepu 06’emoM 100 M.

KimouoBi crnoBa: yiano6axkmepii, bioeas, kasimayis, eomo-
2enizauis, eiopokasimamop, ereKkmpomaeHim

Pa3paboTka TexHos0oruu nepepadoTKu
0HOMACCHI CHHe-3eJIeHbIX BOIOPOCIIeii
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buomacca cuHe-3eeHbIX Bomopociieil  (IMmaHoOakTe-
pUii) — JIETKOIIOCTYITHOE U JIEIIIEBOE CHIPhE IS IepepabOTKU B
6uora3. ['omoBbIe 3amackl HAKOIICHUSI CMHE-3eJIEHBIX BOIO-
pociieil Ha MEJIKOBOIBSIX TOJbKO KpemeHuyrckoro Bomoxpa-
HWIMLIA cocTaBIsoT 4,14 - 107 ToHH. OIHAKO U3BECTHBIE TEX-
HOJIOTUN ,,METAaHOBOTO OpOXKEHUs“ cyOcTpaTra BOIOPOCHE
HECOBEPIICHHBI N3-3a HEOCTATOYHOTO YPOBHSI BHIXOA TOTO-
BOTO IPOIYKTA, T. €. Ororasa. DTo 00yCI0BICHO MOBBIIIEHHOM
YCTOMYMBOCTBIO CTEHOK 3TUX OaKTepuil K pa3pylIeHUI0, YTo
CHMXXaeT BBICBOOOXKIEHME MX BHYTPUKIIETOYHOTO COMCPKH-
MOTO, KOTOPBII U SIBJISIETCSI OCHOBOI CyOCTpaTa OMOMAacCHhI.

ean. CoBeplieHCTBOBaHNE TEXHOJIOTMYECKOTO MPOLIeC-
ca (hepMEeHTALIMY CUHEe-3eJIEHBIX BOIOPOCTei KaK ChIPhST TSI
MPOU3BOJACTBA, ,,METAHOBBIM OpOXeHHeM™, Ouorasa MyTem
TOMOTeHU3AIMY OOMacChl BOIOPOCeil BUOpOpe30HaAaHCHOM
KaBUTALMOHHOI 00pabOTKOI.

B ocHoOBHBIE 3a1aun VicCIeIOBAHMST BXOIUIIN:

- COBEpIICHCTBOBAHUE KOHCTPYKIIMU 3JIEKTPOMArHUTHO-
ro BUOpPOPE30HAHCHOTO KaBUTATOpa IS €ro IMPUTOIHOCTH
71 TOMOTE€HM3al UK CYyOCTAaHIIMM CUHE-3eJIEHBIX BOIOPOCIIEiA;

- pa3paboTKa yCOBEPIICHCTBOBAHHON MTPUHIIUITHATBHOM
TEXHOJIOTUUECKOM CXeMBbI MepepadboTK OMOMacchl CUHE-3€e-
JICHBIX BOIIOPOCJIEH B OMOTa3 ¢ UCIOJIb30BaHEM BUOPOpPE30-
HAHCHMX KaBUTaTOPOB.

Metoauka. Mcroib30BaH KOMIUIEKCHBIN ITOAXOM, BKITIO-
YaloUIMii cCoueTaHUe aHATUTUYECKUX U TEOPETUKO-IKCIIePU-
MEHTAaJIbHBIX MCCIIEAOBAHUI TTPOIIECCOB aHA3POOHOTO MeTa-
HOBOro OpoxeHusi. KauecTBeHHBII cOCTaB MPOM3BOAMMOTO
LIMaHOOAKTEePUSAMU O1OTa3a OIpenesIsId C UCIIOIb30BaHUEM
METOIMKM CIIeKTpaJibHOro aHanusa. MccienoBaHue nuHa-
MMKHU BUOPOKABUTATOPOB OCYIIECTBIISIA METOAAMU TEOPUU
KoJIEOAHMIT CUCTEM C IBYMSI CTENEeHSIMU ¢BOOOIbI. C UCITOb-
30BaHUEM MPUOIMKECHHBIX METOIOB TEOPUM KOJIeOaHUI
orpenesieHbl ONTUMabHbIE MTapaMeTpbl BUOPOKABUTALIMOH-
HOIf TOMOTeHU3aIl1 BOIHON CYCTICH3UU LIMaHOOAKTEPUIA.

Pesyabratel. B 0CHOBY COBEpILIEHCTBOBAHUSI TEXHOJIOTUHI
repepabOTKM CUHE-3eJICHBIX BOIOPOCIIell B OMOras MoJIoKeHO
JIOTTOJTHUTEJIbHOE BKITIOUEHME B Ipoliece 0JIoKa roOMOreHu3a-
K1 6romMacchl. ['oMoreHM3aIus, To €CThb TOJTHOE BBIIEICHNE
BHYTPUKJIETOYHOTO CONEPKMMOTO OaKTepuil, BO3JIOXEHa Ha
ornepalnio KaBUTallMOHHOI 00pabOTKM BOITHOI CYCTICH3UN BO-
JOpOCIieil BUOPOPE30HAHCHBIMIA KaBUTATOPaAMM YCOBEPIIIEH-
CTBOBAaHHOI KOHCTPYKLIMM. BuOpokaBuTaTtop obecrieumBacT
KaBUTALIMOHHYI0 TOMOTE€HU3ALUIO CYCIIEH3UI BOAOPOCIEH C
npousBoauTeNbHOCTHIO 0,75—1,0 M3 /4ac. TMpeaiokeHHbI Tex-
HOJIOTMYECKUIA TIpolIecC MepepadoTKu OMOMacchl BOAOPOCei
BKJTIOUAeT TPY OCHOBHBIX 3Tarla; 3Tal HAKOTIIEHUST 1 TIOATOTOB-
KU CYCTIICH3MU BOIOPOCJIEii; 3Tam MOArOTOBKU cyOocTpaTa Ouo-
Macchl BOJOPOCJIEN UX TOMOTreHM3alMeli BAOPOPE30HAHCHBIMU
KaBUTAaTOpaMu; 3Tarl (hepMeHTALIMU O1orasa ,,MeTaHOBBIM OpO-
>KeHMeM . BbIxo/1 roTOBOro MpojIyKTa, T.€. buorasa, ojaromapst
YBEJIMUYEHUIO BUOPOKABUTALIMEH BBIIEICHUS U3 OAKTEPUil MX
BHYTPUKJIETOYHOTO COIEPKUMOTO, YBeIMIMBaeTcs B 1,4 pa3a u
nocturaet 33,0—34,5 M3 61orasa u3 1 TOHHbI GIOMACCHhI.

Hayunas HoBusHa. JlomoHEHUE THMITOBBIX TEXHOJIOTHYE-
CKHX TTPOLIECCOB MEePEePabOTKM CUHE-3€JIEHbIX BOIOPOCIIEH 3Ta-
TTOM VX TOMOTE€HU3aIIM1 BUOPOKABUTALINEH C KOHEYHOM 1LIEJTbIO
TOBBILLIEHNS BBIXOIA TOTOBOTO MTPOIYKTA aBTOPAMU MPELTOXKE-
HO BIepBbIe. DTO pellieHre 00ecTeunBaeT 00Jiee KaueCTBEHHYIO
JaTbHENIIYIO (hepMeHTaLIMIO cydcTpaTta OMOMACCHI C MOBbILLIE-
HUeM 0oJjiee YeM Ha TPeThb MPOU3BOAUTEILHOCTH 00pa30BaHUsI
ouorasa. O0nagaer JleMeHTaMU HayYHOI HOBU3HbI M BIIEPBbIC
TIpeIOXKeHHas] KOHCTPYKIIMS 3JIEKTPOMAarHUTHOTO BHOpPOKa-
BUTaTOpa pe3oHaHCHoro neiictBus. Cneuuduyeckas dopma
€ro KOJIEOIOIINXC S BO3OYIUTENeil KaBUTAIIMY TIPETOCTABIISIET
YHUKaJIbHYIO BO3MOXHOCTh KaueCTBEHHON KaBUTAIIMOHHOM
00pabOTKM XKMAKUX CYOCTAHLIMI TTOBBIIIIEHHOM, TTO CPAaBHEHUIO
C BOMOH, MJIOTHOCTU U BSIBKOCTU. MIMEHHO 3TO M MO3BOJISIET
BO30YKIIaTh KABUTALIMOHHOE TTOJIC BBICOKO MHTEHCUBHOCTU B
HAaCBILLIEHHOM BOIOPOCISIMU XKUAKOCTHOM CyOCTaHIINU.

IIpakTHyeckass 3HAYMMOCTb. 3aKITIOYACTCS B COBEPIICH-
CTBOBaHUHU TEXHOJIOTMUECKOTO Ipolecca hepMeHTaLuy O1o-
ra3a U3 CMHe-3eJIeHbIX Bogopocieit. [IJia peau3alny KaBUTa-
LIMOHHOM 00pabOTKM OMOMAacChl TIpeAIoXKeHa YCOBEPIICH-
CTBOBaHHAsI KOHCTPYKLIMS BUOPOKABUTATOPA C YUETOM CIICII-
U(GUKU KaBUTALIMOHHOM OOpabOTKU >KUIKOCTEM IOBBIIIEH-
HBIX TUIOTHOCTHU 1 BA3KOCTH. [Ipon3BOIUTEIEHOCTh BUOPOKA-
BUTATOpA C MOMNEPEYHbIM ceueHreM padoueit kamepsl 10 aroii-
MOB TIpu 00pabOTKe OMOMAacChl BOIOPOC/CH COCTaBIISICT
0,75—1,0 M3/uac. DTOro 1O0CTATOYHO JUIS 0OECTIEYeHUs] IBYMSI
ITOOYEPeTHO pabOTAIONIMMK BUOPOKABUTATOPaMU 6€30CTaHO-
BOYHOI1 paboTHI (hepMEHTALIMOHHOI Kamepbl 06beMoM 100 M.
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