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Fig. 1 The calculation scheme of hydraulic power unit: H – pump; – tank; – safety valve; 

– hydraulic cylinder; 1, 3 – pipeline with a branch; 2 – chamber with a volume 0V
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Table 1 - Results of researches

1 – –

–

3,5PJ 22pJ 3,0qJ

1 – 100f ;

2 – 150f ;

3 – 200f .

2,5PJ 18pJ 14,0qJ

0V

1 –
3

0 10V ;

2 – 3
0 20V ;

3 – 3
0 30V .

7,0PJ 16pJ 07,0qJ

                                                                     

0p 0V 4p
– –

3 – 7% 

Fig 4. Impact gas content in the working fluid: a) pressure 0p in camera 0V of hydraulic power unit; b) pressure 4p in the hydrau-

lic cylinder’s piston cavity: 1 – pressure at gas content in the working fluid 3%, 2 – pressure at gas content in the working fluid 5%, 
3 – pressure at gas content in the working fluid 7%
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INVESTIGATION OF WAVE PROCESSES IN 
HYDRAULIC POWER UNIT OF 

HYDROSYSTEMS

Summary. The article contains mathematical model of hy-
draulic power unit of hydrosystems, which takes into account 
the complex hydrodynamic processes and allows them to 
conduct research to establish the impact of these construc-
tive and operating parameters.

Key words: hydraulic power unit, resonance, the working
fluid, gas content, pulsation.
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NEW POSSIBILITIES FOR IMPROVING RELIABILITY OF HYDRAULIC EQUIPMENT
WITH THE HELP OF HYDRODYNAMIC CLEANING

Zelman Finkelstein*, Zinon Vasylechko**, Majid Asadi***

*Donbass State Technical University (Ukraine)
**(Poland)
***(Iran)

Adress: Ukraine, 94204, Alchevsk, Lenin b., 16, Lugansk ar.., 

Summary.The results of studies applying the method of hydrodynamic separation of the two-phase fluids and industrial filtering
polluted water, particularly in industries such as mining, metallurgy, agriculture and others that can reduce water consumption,
improve the durability of the equipment, improve the environment and reduce the cost of separation of solid impurities. Method
proved useful, because it requires no maintenance and supervision, and change the filter elements, or cleaning them, there are no
moving parts, does not require external power supply. The article is devoted a number of innovative technical solutions, some of
which have already been considered and tested in industry.

Key words: hydrodynamic cleaning, filters, recycling, fine purification in the suction line.

INTRODUCTION

Filtration plays an important role not only in ob-
taining high-quality liquid, but also in increasing lon-
gevity of hydraulic systems. Proved that if we increase
the fineness of purification of N times, the durability of
devices is increasing in N3 times. For example, if the
size of particles passing the liquid through a hydraulic
machine, dropped twice, the life of its increased 8-fold
[1, 2].

There is an entire industry to create devices for
purifying liquids: hundreds of companies worldwide
producing mechanical filters (delaying the particle baf-
fles), magnetic filters, electrostatic filters, hydrocy-
clones, centrifuges, clarifiers, etc [8, 13].

Each of these devices, along with the merits of
a number of significant disadvantages: mechanical fil-
ters and hydrocyclones takes a large pressure difference
to overcome the hydraulic resistance, centrifuges re-
quire a sufficiently large electric power, magnetic filters
trap basically only ferromagnetic particles, electrostatic
filters have high demands for quality fluid and require a
high voltage, septic tanks require large areas and long
periods of time.

THE STATEMENT OF THE PROBLEM

These shortcomings do not allow for fine clean-
ing fluid in the first place for the dynamic (centrifugal)
pumps. These pumps in the suction line should ideally
be a depression less than 1 bar. But considering the en-
ergy expended in frictional resistance of the liquid, to
ensure the speed, to lift the fluid, in practice the maxi-
mum vacuum does not exceed 0.65-0.75 bar. In addi-
tion, it should be noted that the pressure in the system
can not be lower vapor pressure, because In this case,

the liquid boils, there will be cavitation and liquid sup-
ply pump stops.

The same can be said about the bulk hy-
dromachines. For example, at the entrance to the gear
pump, which makes 2000 rpm, discharge is only 0.25
bar, which in practice does not allow the liquid to raise
even one meter.

It is clear that the installation of fine filters, re-
quiring the pressure drop in the network, equal to 2
bars, quite impossible. Therefore, the filters are in-
stalled in the suction lines (reception filter), only protect
the system from the remnants of paint, lint and large
particles of dirt. For example, if sufficiently prolonged
operation of the hydraulic machine to hold all the parti-
cles larger than 25 microns, the reception filter passes
particles up to 300 microns. As a result, in the presence
of abrasive contaminants life more expensive centrifu-
gal pump is reduced to 1.5 years instead of 12-15 years,
as provided for technical documentation.

As a rule, fine filters are installed in the dis-
charge line after the pump to protect the hydraulic and
other waterworks, and the pumps are still unprotected
and so are most alert and at the same time the most ex-
pensive element gidromashinostroeniya.

Thus, the idea of installing filtering devices on
the suction pump (to pump), not requiring to the same
summing them foreign sources of energy is a global
society and can bring huge savings and significant im-
provement of ecological condition.

Traditional mechanical filters (delaying the
particles with porous walls) are widely used in engi-
neering, but they are inherent high differential pressure,
lack of subtlety treatment, the need for periodic re-
placement or regeneration. Obligatory element of them
is a bypass valve which, with the filter pollution and the
growth differential pressure line connects the contami-

10
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nated fluid with a line of pure fluid, bypassing the filter elements.

a                                                         b

Fig. 1. Schematic Diagram of particles hydrodynamic Separation

Studies have shown that most of the time the
valve opened, bypassing the liquid. Thus, from a practi-
cal point of view to judge the subtleties of filtering
characteristics of the filter properly. The system is pol-
luted considerably stronger than it might appear [2].

In the 70 years of the last century in the Don-
bass State Technical University in Ukraine have been
proposed, theoretically grounded and are now widely
available so-called hydrodynamic filters.

In essence this is a fundamentally new princi-
ple of separation of two-phase liquids into fractions, ie
method of separation. There are many technical realiza-
tion of this principle [3, 4].

The essence of the hydrodynamic filtering is
shown in Fig. 1. When passing through a porous barrier
conventional filters provide out of the liquid particles,
large hole in the septum, and the smaller will be held
together with liquid (a). Detainees particles will close
the pores, increasing the pressure drop across the sep-
tum, while the latter did not reach the limit, and will not
open the bypass valve.

If you make the longitudinal motion of particle 2
along the porous surface, it will participate in two mo-
tions: a rate VPR and transverse speed Vpop. The result-
ing vector of the velocity V can pass above or below
point A (in Fig. 1b shows the particle 2 in the early sub-
sidence at the time (the hole) and at the end (2 '). In the
first case the particles do not pass through the porous
membrane, the second - will be held.

It is clear that the higher the ratio of VPR / Vpop,
especially fine particles will linger partition. Further-
more, even large particles can not close the hole in a
perforated septum and, therefore, take into account the
pressure drop.

RESULTS AND DISCUSSION

Schematic design of hydrodynamic filter is
shown in Fig. 2. Unfiltered liquid pump 1 through line
2 comes into the filter housing, partially cleaned filter
element 3 and goes to tons of pipeline 4. A smaller part
of the stream, which flows into the cavity between the
housing and filter element provides a longitudinal
movement of pollutant particles and after the throttle 5,
resets the pipeline 6 in the bath.

11
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Fig. 2. The schematic diagram of hydrodynamic filter

Cavity between the shell and a conical filter
element is performed to maintain the longitudinal ve-
locity of particles as purification of the stream. Adjust-
ing the throttle 5, you can change the fineness of purifi-
cation, increasing or decreasing the longitudinal veloci-
ty.

There are other design schemes, where the
contaminated liquid from the pump goes into the cylin-
der, and refined - comes from without.

Presented in Figure 2 scheme was first imple-
mented in 1971 in a coal power processor, which al-
lowed a 30% increase of their reliability. In 2000, a
Polish company Hert estimated DonSTU developed
plant dust control of coal dust by wetting of tiny drops.
These plants have successfully worked in the mines
Sofiyivka and Myslowice [5]. Fig. Figure 3 shows a
hydraulic circuit and the general form of the filter FHN
-150.

Fig. 3. The schematic Diagram of hydrodynamic, fluid filtration (graphic: FHN-150 filter)

Research of Dr. Moland showed that the filter
fully satisfies the requirements of the coal industry, not
missing a dirt particles greater than 50 mm, running
continuously for a year without replacement, cleaning
and maintenance. Dropped 10% of the flow is directed
to cool the motor.

Since 2005, in collaboration with the company
DonSTU Hert has developed a self-cleaning filter that
did not require a reset of the flow of the system, which
expanded the scope of its application. The filter has

passed the certification of the head of the Mining Insti-
tute and is recommended for use in coal mines for water
supplied to the dust control.

Figure 4 shows a general view and the hydrau-

lic circuit of the filter [8, 9].

12
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Fig. 4. Hydrodynamic filter with closed circuit (graphic: FHN-150A filter)

.

Fig. 5. The schematic diagram of the circular, hydrodynamic filter (graphic: OWHD 2000 filter)

Water is pumped a fire or a pipeline 1. It then
passes through the injector 2 and hydrodynamic filter 3.
Reset hydrodynamic filter enters the cyclone 4, where
the separated fluid flows back through the injector to
the fine cleaning and contaminated the hydrocyclone is
going in the hopper 4 and periodically removed through
a valve 6.

For fine purification of large amounts of fluid
(up to 10 000 m 3 / h) was designed filter, the general
form of which is shown in Figure 5. This filter is de-
signed for sprinkler systems in agriculture, for water
supplied to the centrifugal pump, but especially found
great use in the metallurgical industry.

The contaminated liquid is fed through conduit
1, which is divided into 2 streams around the drum 5, 4-
coated wire mesh, creating a centrifugal force, reducing
pressure drop during cleaning liquid drum 4. Part of the
liquid (10%) together with the contaminants discharged
through the filter outlet 3 and the purified fluid through
the pipe 2.

From our point of view, the best solution
would be installing filters at a hydrodynamic injection
line, ie after the pump and suction line, ie to the pump.

Such a decision would protect the pump from
abrasive particles, increasing its reliability in several
times.   Since the hydrodynamic filters work with any
pre-pollution, self-cleaning, require no maintenance and
ensure the highest fineness cleaning, installing them in
the suction line makes centrifugal pumps almost forever
. Moreover, there will be no need for cleaning fluid
after the filter (sand traps, etc.), because contaminants
remain at the point of liquid intake.

13
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.

Fig. 6. The schematic diagram of liquid filtration at the pump sucking point

Earlier implementation of such a system was
impossible due to the fact that the discharge at the inlet
to the pump was not enough to overcome the resistance
of filters (it is usually more than 0.2 MPa). Hydrody-
namic resistance of the same fine filters even on the
largest capacity is 0.02 MPa, and this allows us to apply
them in practice.

Fig. 6 shows the basic hydraulic circuit in
which the filter is installed before the pump [11]. The
solution is based on the principle of the liquid recircula-
tionPump 3 from the container 1 liquid is supplied to
the consumer 2, forming a negative pressure in the pipe
4 and the high pressure in the pipe 5. Part of the liquid
from the pipe line 5 to 7 is sent to the jet pump 6, which
increases the pressure in the line of the fluid on the fine
filter 8, increasing the anti-cavitation properties of the
pump 3 and compensating for pressure loss in the filter
8. Part of the liquid with contaminants discharged from
the filter 8 and 9 in the capacity of the pipeline 10.
Valves 11 and 12 are regulated depending on the flow
parameters in pipes 7 and 9 to optimize the whole.

Despite all the advantages of the above-
described system, it is necessary for its implementation
to evaluate the feasibility of energy losses. Tests have
shown that, in connection with recycling (supply of
fluid from the discharge line into the suction line),
pump efficiency is reduced by 20%. We believe that in
most cases, this energy loss is acceptable because it is
offset by the obvious advantages of the system and,
moreover, such a reduction in efficiency corresponds to
his downfall after a relatively short operation associated
with the wear of the pump. Recently, in order to reduce
energy loss company J . T . S . (The successor firm Hert
, Katowice, Poland) and the University DonSTU (Al-
chevsk, Ukraine) have made significant improvements
in the systems described that allowed to refuse relief of
fluid required for cleaning the bowl 10. Now reset only
particles of dirt, while maintaining self-cleaning. Thus
was the full-flow filtration. At the booths JTS . pass
debug mode.

CONCLUSION

Created as a result of work of Ukrainian and
Polish scientists hydrodynamic cleaning allowed to
make a fundamentally new approach to the problem of
cleaning fluid and the first to show the feasibility of
fine cleaning fluid in the suction line, the most protect-
ing all hydraulic components from wear.
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BACKGROUND AND METHODS OF KEY 
PARAMETERS AUTOMATIC TENSIONING 

REVERSIBLE V-BELT TRANSMISSION

Summary We describe the design, operation and method for 
determining the basic parameters and calculation automatic 
tensioning belt drives.

Key words: belt drive, of a self-tension transmission, auto-
matic tensioning belts, belt drive with tensioning roller.
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MATHEMATICAL MODELING OF MASS 
AND HEAT TRANSFER 
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Summary. The paper studied the mathematical model of 
mass and heat transfer during process of air regeneration 
which takes place in sealed rooms of shelters.
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STRENGTHENING OF THE WELD-
FABRICATED CONNECTIONS OF

REINFORCEMENT OF CLASS OF A500S
EXECUTED ON A STEEL PROTECTIVE

STAPLE-STRAP  

Summary. In this work examined questions of strengthening 
of the weld-fabricated joints of working reinfor of class of 
A500S executed on a steel protective staple strap.

Key words: reinforcement, A500S, strengthening, protective 
staple strap, defect
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Fig. 2. Construction of model  circular energy absorber and his section:

a) model circular energy absorber; ) type B – base; ) type  N – asymmetrical; ) type  U – with the areas of equal resistance 
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Table 1.  Results of tests of circular energy absorber with a base ring

N
n

1 900 8.4 10 1071 900 115 144 5.0

2 940 9 11 1044 854 126 169 5.5

3 940 9 11.5 1044 817 126 179 5.75

4 940 9 11.2 - - - - 5.6

5 940 9 11.9 - - - - 5.95
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Fig. 3. Diagram of deformation for absorber with a base ring
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Fig. 4. Diagram of deformation for absorber  with the asym-
metrical section of ring
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Fig. 5. Diagram of deformation for absorber  with the areas of 
equal   resistance
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