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Purpose. Increasing efficiency of foamgenerating devices of pump-circulating systems of drilling sets. The
purpose is achieved through implementation of the following tasks:

- the carrying-out of the analysis and selective choice of theoretical and experimental results, geometrical pa-
rameters, work modes of foamgenerating devices;

- the development and explanation of rational schemes of equipment strip and devices for cleaning oil and gas
wells with foam.

Methodology includes:

- the analysis of conditions and experience of exploitation of different constructive peculiarities of devices and
equipment of pump-circulating systems for cleaning wells with foam;

- the mathematical modelling of foam formation in ejection foamgenerating device using the laws of energy
balance, flow continuity, conservation of momentum, Laplace criterion, Weber and Mach’s figures and Lishevs-
kiy’s equation;

- the computing modelling of foamgenerating device was performed with the purpose of optimizing its internal
constructive elements;

- the experimental definition of main parameters and work modes, considering the construction change of
foamgenerating device.

Findings. Theoretical research studies has been carried out to reveal and define the influence of the most im-
portant factors and optimal geometrical parameters and work modes of foamgenerating devices have been selected
which provided the highest efficiency of well cleaning with foams. Experimental research studies have been carried
out to define the connection between the geometrical shapes, parameters, work modes of foamgenerating devices
and the efficiency of foam formation.

Originality. The theoretical and experimental research studies of fluid streaming, air and their mixture through
constructive elements of the equipment allow revealing the regularities of connection of the efficiency of foam
formation and parameters and work modes of foamgenerating devices.

During the research:

- connection between the quality of foam formation and constructive peculiarities of detached elements of
foamgenerating device was defined;

- there were advanced mathematical models of motion streams of fluid, air and foam through constructive ele-
ments of foamgenerating device and detached elements of equipment of pump-circulating system ;

- analytic dependences of motion of fluid, air and foam streams and the work efficiency of foamgenerating
devices on their constructive peculiarities were explained theoretically and experimentally;

- the method of choosing the optimal constructive shapes of elements in foamgenerating devices that influence
the formation of fluid, air and foam streams has been explained scientifically.

Practical value. Due to the performed theoretical and experimental research studies, we have defined the ra-
tional geometrical shapes and parameters, set the optimal work modes of foamgenerating devices, which are the
basic for creating new high efficient foamgenerating devices. We have suggested a row of methods and instrumen-
talities of constructive and technological character for booming the efficiency of well cleaning with foam solution.
The results have been used during the development of pump-circulating system for well cleaning with foam solution.

Keywords: the foamgenerating device, the pump-circulating system, the aerative fluid, foam, the fluid
stream
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Introduction. The drilling of oil and gas wells in
dispersed and unstable rocks is connected with certain
difficulties, namely:

- high, even catastrophic, absorption of drilling solu-
tion and connected with it significant expenditure on
providing chemical agents, preparation of cleaning fluid,
lowering of intermediate columns, plugging works etc.;

- the washing of unstable rocks with drilling solu-
tion that does not allow getting a qualitative core for
geological research;

- appearing of complications in the process of drill-
ing, connected with washing of well walls, core cre-
ation deposits on the bottom of sludge, catching and
wedging of a drilling pump and others;

- during the revealing of oil and gas horizons, a
producing reservoir can be plugged with drilling solu-
tion lacking the predicted effect.

The situations can be prevented by using gas and
liquid mixtures as drilling solution; compared with
washing fluids, they have a number of advantages and
give the possibility to remove all mentioned facts.

Gas and fluid mixtures are dispersed systems that
consist of two elements — gas and liquid ones (the
mixture of water and various chemicals: surfactants,
inhibitors, stabilizers, etc.).

The aerative fluids and foam are the most wide-
spread in Ukraine. In our case we consider foam and
equipment connected with them. During the drilling
process by washing a face with foam there is mechanical
speed of drilling in solid rocks increases (approximately
by 4 times), compared with drilling solution, and makes
it possible to avoid the absorption in porous and frac-
tured rocks and mudding permeable layers. While re-
vealing and reclaiming productive horizons, the pro-
ductivity of wells increases by 1.5—2 times along with
the reduction of reclaiming terms by 4—5 times [1, 2].

The process of foam formation is difficult since it is
influenced by physical and chemical, physical and
technical and other factors. As a rule, to get foam we
have to use foamgenerating devices of different types
and work principles [3—5]. All existing devices can be
recommended for drilling of shallow exploration, geo-
physical and other wells.

According to the information from available re-
sources, at present there is lack of equipment for drill-
ing of oil and gas wells with foam, which allows form-
ing foam with given parameters and dispersion.

Everything mentioned above confirms the topical-
ity of the work and necessity of further scientific and
research works, aimed at increasing the foam system
efficiency while drilling with foam solution.

Analysis of the recent research and publica-
tions. The article analyses theoretical and experimen-
tal works, considering modern level of machines for
foam solution preparation: Amiyan A.V., Ami-
yan V.A., Vassiliev V.H., Izzatdust E.S., Kovalen-
ko V.I., Kuzmenko N.N., Mezhlumov A.A., Ty-
homirov V. K., Yakovlev A. M., Anderson G., Garavi-
ni O., Radenti G., Sala A. and other scientists. It has
been established that there is not enough information
regarding the influence of construction, parameters
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and work modes of foamgenerating devices on effi-
ciency of foam formation.

Unsolved aspects of the problem. The article
considered the following issues: the topicality of the
problem of well washing with foam solution and work
conditions of the equipment during it; the work effi-
ciency of foamgenerating devices and assess methods
of their exploitation parameters; works devoted to the
research of the main exploitative parameters of foam-
generating devices; peculiarities of constructions of ex-
isting foamgenerating devices for preparation of foam
solution.

Objectives of the article include the following: the
advancement and choice of characteristics of ejection
foamgenerating devices of pump-circulating systems
of drilling sets; processes of aeration and foam forma-
tion that occur in foamgenerating devices of pump-
circulating system; methods of assessing and defining
the limits of technical characteristics of foamgenerat-
ing devices for getting maximal efficiency of foamgen-
erating; definition of parameters of constructive ele-
ments of foamgenerating device which will allow the
creation of high qualitative foam; providing reliability
and work quality of the pump-circulating system dur-
ing well washing with foam solution by improving de-
vices and the scheme of pump-circulating system.

Representation of the main resarch. Based on
the conducted theoretical research of the processes
which cause the motion of fluid, air and foam mixture
in elements of foamgenerating devices, we offer the
method of choosing flow parameters of work fluid and
ejection air, which would allow achieving the highest
efficiency in the process of foam formation and ex-
plaining the choice of rational constructive variant of
foamgenerating device. We have studied the processes
which occur on at every stage of foam formation in
foamgenerating devices.

There are certain methods of calculating foamgen-
erating devices, according to which we carry on the
calculation of pressure loss in devices in the process of
foam solution production, through which the geomet-
rical sizes are chosen [6]. The disadvantage of these
methods is the fact that the qualitative characteristics
of produced foam are not considered; in particular,
meeting the requirement of the energy to create small
dispersed air and drop, fluid and bubbles mixtures,
and its value is inverse to the average radius of a drop
or bubble. Notably, the energy to create a bubble
stream with large values of volume gas content can be
bigger than the energy required to create a drop flow.

In this regard, during theoretical research of foam-
generating devices with usage of famous equations of
energy balance, continuity of stream and conservation
of momentum we propose the method of choosing pa-
rameters of fluid and air streams, using which we
would be able to achieve the highest efficiency in the
process of foam formation.

We have explored the working process of foam for-
mation which occurs in one of the channels of the
foamgenerating device. The analysis was carried out,
based on a simplified scheme of ejection device and
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calculation model of static pressure distribution along
the length of the device (Fig. 1).

In the initial section with the length /;, the separate
flows of fluid and gas phase occurs. However, gradual-
ly, due to the turbulent transverse pulses of speed which
cause liquid dispersion in the transverse direction and
aeration of air squirt, the gas capacity reduces near
wall, while increasing on axis and in the end of the sec-
tion they reach the equality between each other, which
proves formation of homogeneous air and drop stream.

Here, the section with the length /, begins. The for-
mation of homogeneous air and drop stream occurs
along this field.

The third section with the length /; begins with
completion of formation of homogeneous air-drop
mixture. At the end of the section a skip of consolida-
tion is observed while the air-drop mixture turns into
fluid-bubbled mixture with the air bubbles having ap-
proximately the same diameters and being divided by
fluid layers. The skip of consolidation is characterized
by sharp increase in pressure.

In the fourth section which begins after the skip of
consolidation, the mixture moves as a two-phase ho-
mogeneous bubbles-foam stream (foam solution).

In order to initiate the skip of consolidation the
speed of air- drop stream is to be higher than the sound
speed in it. The lower Mach’s figures are, the higher
the energy of the work stream to produce foam solu-
tion will be; that is when the speed of stream move-
ment approximates the sound speed of the stream be-
fore the skip of consolidation. The sound speed is cal-
culated according to known formulas or using graphic
of the dependence of the sound speed in water and air
solution on the content of gas in it (Fig. 2).

The relative length of the initial section is deter-
mined according to Lishevskyi’s equation
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Fig. 1. The schemes of ejection device and static
pressure distribution along its length:

O, and Q, are the volume loss of fluid and air cor-
respondingly; p, p, and p; are the static pressures
near the nozzle before and after shock wave corre-
spondingly; 1\, I, s, i l, are the sections of the ejec-
tion device
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Fig. 2. The sound speed in water and air solution:
I — calculated values during the adiabatic process; 11

— calculated values during isothermal process; 111 —
experimental values on small dispersed solutions

p.-d-(v,-v,)

where We= is Weber’s number;

Lp= w is Laplace criterion; d is the diameter of
p

an ejection camera; p, p, are the density of fluid and
air correspondingly; o, , are surface tension and lig-
uid viscosity; v, v, are the speeds of fluid and gas cor-
respondingly; p is the pressure of mixed fluid and gas
stream.

The relative length of the main section we can cal-
culate according to Miguel’s dependence

%=18,36-M,;°“8‘, 2)
where D is the diameter of mixing camera.

According to the well-known expression for sound
speed in a two-phase environment provided the ab-
sence of phase changes, the formula for Mach’s num-
ber of overtaking drop stream before the skip of con-
solidation

n.p2 -0.5
ocl-(l—ocl)'ij ’ =

M, =v, [
where v,, p, are the speed and pressure of mixture be-
fore the skip of consolidation correspondingly; # is the
polytrope value; o, is the volume gas capacity before
the skip of consolidation.

In the process of calculations a dimensionless sys-
tem of equations for determining the relative changes
of parameters of mixture movement is obtained

g +(1—oc1)~(2oy'a‘ —1)
y-1 ,
== : ; (4)
Pz o (2-7 )
(Xl. —
v—1
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where 7 is the value of polytrope; y is the value of adia-
batic exponent.

From equations 4—7 we can see that relative pa-
rameters of mixture stream after the skip of consolida-
tion depend on Mach’s number M, of overtaking flow
and volume gas capacity o, before the skip, which, in
its term, is defined by the degree of aeration u. Based
on theoretical research the values of energy expendi-
ture to produce drops from a unit of volume of fluid in
main section AF, are calculated, as well as those of the
energy expenditure which is spent on producing free
surface of fluid during creation of bubbles A £}

2 2
pp Dp _pl'uz

AE, == 524D, = Py~ AP, ~AP,; (8)
2 2
AE3=p‘2$—p2—2D3+pz—ps—

» )
—APmp4—u-p]-*c-lnp—Z,

where p,, p;, p, and p; are the atmospheric pressure,
static pressures near the nozzle before and after the skip
of consolidation correspondingly; v; is the speed of
mixture after the skip of consolidation; u is the degree of
aeration; AP,,,, AP,, ;1 DP,,4 is the loss of pressure on
rubbing in the initial field /, and /; before the skip and in
section /, after the skip of consolidation; p, and p, are
the density of drop mixture before the skip of consolida-
tion and the bubble mixture after the skip of consolida-
tion correspondingly; t is the ratio of absolute tempera-
ture of gas in the zone of skip to the temperature in ac-
cepted camera, that characterizes isobaric change of gas
temperature before the skip of consolidation.

Besides these equations, to determine feasible
modes of movement of gas and fluid stream, the equa-
tion for calculating the change (loss) of power of fluid
AN in the section from the nozzle to the overcut of the
flow of gas and fluid mixture after the skip of consoli-
dation looks as follows

2
P,V
pz p+pl+L.u,p0J_

v-1
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where W = p,v,F; = pyu3F; is the mass expenditure of
gas and fluid mixture.

The movement of gas and fluid stream is feasible
only with those values of parameters, during which the
power loss AN acquires positive values.

Thus, considering the given information, we can
infer, that with parameters of movement of gas and
fluid stream for which M, > 1 a skip of consolidation
occurs in the mixing camera, which could be charac-
terized by step-like increase in pressure and reduction
of stream speed and volume gas capacity, whereas with
parameters of gas and fluid stream movement for
which M| < 1, a skip of rarefaction occurs in the mixing
camera, which is characterized by skipping reduction
of pressure and increase in stream speed and volume
gas capacity.

Since the energetic characteristics of gas and fluid
stream are defined not only by parameters of its mo-
tion but also by properties of fluid and gas, to perform
the following calculations let’s take water as a liquid
while adding surfactants with such parameters: the
density is p,= 10° kg/m?; the coefficient of surface ten-
sion is ¢ = 0.05 N/m; the coefficient of dynamic vis-
cosity is p, = 1073 Pa - s; the temperature is 7= 300 K.
The air is taken as a gas, which is given by the compres-
sor to the accepted camera from environment with p, =
= 10° Pa and 7 = 300 K. The coefficient of dynamic
viscosity of the air does not depend on the pressure
and is equal p,= 1.88 - 1073 Pa - s with the temperature
T = 300 K. The graphic dependences (Fig. 3—5) are
drawn for the following geometrical sizes of the ejec-
tion device: the diameter of the ejection camera is d =
= 0.006 m; the diameter of the mixing camera is D =
= 0.012 m; the expenditure of fluid is Q, = 107> m’/s;
the fluid pressure is P, = 1.4 MPa.

The dependences of power losses of stream on pro-
ducing gas and fluid mixture AN on the aerative de-
grees with different values of pressure in accepted
camera p, are shown in Fig. 3, which shows that with
height p, general expenditure of power AN on produc-
tion of free water surface increases. All three curves of
dependence AN on u have maximums with those val-
ues u, when Mach’s number M, (Fig. 4) is bigger than
1, that corresponds to the skip of sonsolidation.

Fig. 5 provides information on dependences of
losses of volume density of energy on production of
air and drop stream AF), as well as that of fluid and
bubble stream AFE; on the aerative degree with pres-
sure p, = 7.5 - 10° Pa in accepted camera. From the
graphic dependence we can see that with increasing u
values AFE, and AF; decrease, and with value of u, for
which M| becomes bigger than 1, AE; < 0. It signifies
that all the energy of stream is spent on work of the
solution cramping in the skip of consolidation (A4 =
= Q,upytIn(ps/p,) and bubbles are not created during
the skip or after it.

In Fig. 6 we observe the dependences of energy ex-
penditure of the stream to produce air and fluid mix-
ture AN on the aerative degree with two different di-
ameters of nozzle and the same values of fluid losses
0O, = 10 m?/s and pressure in receiving camera p, =
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Fig. 5. The dependences of expenditure of volume

20

density of energy on production of air and drop
stream AE, (curve 1) and fluid and bubble
stream AE; (curve 2) on aerative degree with
pressure p, =1.5-10° Pa
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Fig. 6. The dependences of energy expenditure of
stream AN on aerative degrees during the
change of the nozzle diameter:

1—0,006m; 2— 0,004 m

=0.75 MPa, according to which the reduction of noz-
zle leads to increasing energy expenditure to produce
free surface and shifting of maximum AN in direction
to bigger values of u. It is explained by increasing speed
of fluid outcoming from nozzle, which occurs with
bigger initial pressure in exit branch pipe.

Thus, according to the data described above we can
conclude that the most effective mode of gas and lig-
uid stream movement for homogeneous saturation of
fluid with gas with further formation of small dispersed
foam stream occurs with the following values: aerative
degrees and other movement parameters, during
which the value of Mach’s number M, of gas and liq-
uid stream is bigger than one, but is closer to it. In this
case general energy expenditure of stream AN on pro-
duction of free surface are maximal, whereas in the
mixing camera a skip of consolidation occurs which is
required for conversion of the air and liquid mixture
into a liquid and bubble one, although the energy of
the stream in the skip is consumed on mixture cramp-
ing and bubbles are not created neither during the skip
and after it. They will appear only in those places of
the device, where the fast reduction of static pressure
occurs, compared to pressure p; in the mixing camera
after the skip of consolidation, considering the work of
gas expending phase.

To continue the process of foamgenerating we
chose the computer application software FlowSimula-
tion, which is an applicative module of SolidWorks
that provides an opportunity to carry on the change of
internal parameters of fluid and air in wide range and
gives objective information on the necessary parame-
ter in any point of foamgenerating device. In this pro-
gram there a three-calculative model of one-nozzle
device of ejection type was produced. The choice of a
one-nozzle device was made with the purpose of work
with this program and methods of research to a greater
extent. Apart from this, the graphs show the trajectory
of movement of fluid, air and their mixture streams,
from which we can see that under some conditions
self-absorption of air through incoming pipe occurs.
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In the process of computer research while using the
one-nozzle device we applied different variants of geo-
metrical parameters of composing parts of the device
during different modes of work.

A one-nozzle foamgenerating device was probed:
with the change of distance between the nozzle and
mixing camera; change of nozzle diameter; with the
change of length of'its cylindrical part; with the length-
ening of mixing camera with help of extra diffuser
discs. The research was executed applying a receiving
part of the mixing camera of cylindrical or conical
shape. The results obtained were taken as a basis of
producing foamgenerating device of optimal construc-
tion, where the length of the cylindrical part of the
nozzle is equal to 2 of its diameters, there is no dis-
tance between the nozzle and mixing camera, the re-
ceiving part of the mixing camera of conical shape
with the length of the cylindrical part of the mixing
camera is equal to 1.5 of its diameter with extra dif-
fuser discs. This device does not feature any skips of
speed over a period of mixture moving whereas dis-
tinctive increasing pressure is observed in the place of
the skip of consolidation, where the process of pro-
ducing free surface of liquid during bubble formation
occurs (Fig. 7).

Research conclusions and recommendations
for further research. As a result of the research, we
have resolved the main scientific task which aims to set
regularities of foam solution preparation for washing
oil and gas wells in the process of drilling and reclaim-
ing of wells, and it permitted producing the highly ef-
fective foamgenerating device and recommendations
for its application while introducing it into production
field, namely:

1. Based on analysis of a foam formation mecha-
nism and exploitive characteristics of ejection foam-
generating device, we have established that actions of
turbulent transverse pulsations call for the dispersion
of liquid stream transversely and its aeration by the air,
as a result, formation of homogenous air and drop
stream occurs followed by its movement to the shock

1
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; L
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wave, which is characterized by fast pressure increase
and accompanied by conversion of the air and drop
mixture into emulsion one. At the same time the air
bubbles are small and have almost the same diameter
and are divided by the liquid films. To obtain a skip of
consolidation the speed of air and drop stream is to be
higher than sound speed in it. Considering this, we can
suppose that geometrical shapes and sizes of compos-
ing parts of the foamgenerating device, as well as its
modes and parameters are determining in its work ef-
ficiency.

2. The mathematical models of stream movement
of fluid, air, their mixture and foam through the con-
structive elements of foamgenerating device have been
advanced. We have established that the necessary con-
dition for forming stable highly dispersed foam is in-
creasing movement speed in gas and fluid mixture be-
fore the skip of consolidation in the mixing camera;
the speed should be higher than that of the sound.
With 60—80 % of the air content in the gas and liquid
mixture, the exceeding of sound speed will make 25—
40 m/s, whereas with 80—95 % of the air content in the
gas and fluid mixture, the exceeding of sound speed
will make 35—60 m/s. However, exceeding the set
speed limits for mixture stream results in decreasing
foam formation efficiency, which is conditioned by
significant increase in Mach’s figure. In addition, the
boundaries of the highest values of the efficient coef-
ficient are defined for different factors including: pres-
sure, fluid and gas (air) expenditure, degrees of foam
aeration etc.

3. Analytic dependences of movement of fluid, air
and their mixture streams, including foam, and effi-
ciency of work of foamgenerating devices on their geo-
metrical parameters have been theoretically and ex-
perimentally explained; this gave the possibility to de-
fine the optimal constructive executing of elements of
foamgenerating device. The positive factors are reduc-
tion of surfactant usage by 15—25 % and saving neces-
sary properties of the foam during well washing of deep
(more than 4000 m) drilling sets.
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Fig. 7. The graphical dependences of parameter distribution in foamgenerating device of the most rational

construction:

a — the speed distribution in transverse cutting of device; b — the pressure distribution in transverse cutting of device
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Mera. [linBuilieHHS e(PEKTUBHOCTI MiHOTEHEPY-
IOYUX MPUCTPOIB HACOCHO-LUUPKYIALUIHHUX CUCTEM
OypOBHUX yCTaHOBOK. ITocTaBieHa MeTa DOCSTAETHCS
yepes peaizallilo HaCTyITHUX 3a1ay4:

- TIPOBEIEHHS aHali3y i CeJIEKTMBHOIO BigOoOpy
TEOPETUYHUX Ta EKCIIEPUMEHTAIbLHUX pPE3YJIbTaTiB,
TEOMETPUYHUX TapaMeTpiB, PEXKUMIB pOOOTU MiHO-
TeHEPYIOUUX MPUCTPOIB;

- po3pO0OJIeHHS Ta OOIPYHTYBaHHS pallioHaJbHOT
CXeMU OOB’SI3KM 00OJiaAHAHHS 1 MPUCTPOIB AJIsT TIPO-
MUWBaHHSI HATOra30BUX CBEPIJIOBUH TTiHAMU.

Mertoauka. Bkitouae:

- aHaJli3 YMOB Ta JOCBily eKCIUTyaTalii pi3HUX
KOHCTPYKTUBHUX OCOOJMBOCTEl MPUCTPOIB Ta 00-
JIaTHAHHS HACOCHO-LIMPKY/ISIIAHAX CUCTeM IS
IIPOMMBAHHSI CBEPIJIOBUHU MTiHAMM;

- MaTeMaTU4YHEe MOIEIIOBAaHHS ITiIHOYTBOPEHHS B
MiHOTEHEPYIOUOMY TMPUCTPOI EXKEKIIIMHOTO TUITY 3
BUKOPHCTAHHSM 3aKOHIB OajaHCy eHeprii, Here-
PEPBHOCTI MOTOKY, 30epekKeHHS KiTbKOCTI pyXy, a Ta-
KOX BUKOpPUCTaHHS KpuTepito Jlannaca, uucen Bebe-
pa Ta Maxa, piBHSIHHS JIUI11I€BCHKOTO;

- KOMIT I0OTepHE MOJEIIOBAaHHS MiHOTEHEPYIOUOTo
MPUCTPOIO MPOBOAUIIOCH 3 METOIO OMTUMi3allil oro
BHYTPIilIHiX KOHCTPYKTUBHUX €JIEMEHTIB;

- eKCTIepUMEHTAJIbHE BU3HAUYCHHS OCHOBHUX ITa-
paMeTpiB Ta peXXUMiB poOOTU 3 ypaXyBaHHSIM 3MiHU
KOHCTPYKIIii MiHOTeHEePYIUYOro IMPUCTPOIO;

Pe3ynbsraTn. BukoHaHi TeOpeTUYHI AOCTIIKEHHST
3 BUSIBJICHHSI Ta BU3HAUYECHHS BIUIMBY HAWOIIbII CyT-
TeBUX (haKTOPiB i BUOpaHi ONTUMAJIbHI T€OMETPUYHI
napamMeTpu Ta PEXKMMM POOOTU MiHOTEHEPYIOUMX
MPUCTPOIB, 1110 3a0€3MeUIN HAaBUIILY €(DEKTUBHICTh
MMpOMUBaHHS cBepmIoBUHU niHamMu. [IpoBeneHi exc-
MeprUMEHTaIbHI TOCTIMKEHHST IS BCTAaHOBJICHHS
B3a€EMO3B’SI3Ky MiX reoMeTpu4yHuMU opMamu, ma-
paMeTpaMM, peKMMaMH POOOTH IiHOTCHEPYIOUNX
OPUCTPOIB Ta €(PEKTUBHICTIO MIHOYTBOPEHHSI.

Haykosa HoBu3HA. TeopeTuHi Ta eKCIIepUMEH-
TaJIbHi JOCJIIXKEHHSI IPOTiKaHHS PiAUHU, HOBITPS Ta
iX cyMinni yepe3 KOHCTPYKTUBHI eJIeMeHTU 00J1aTHaH-
HS MO3BOJISIIOTH BCTAHOBJIIOBATU 3aKOHOMipHOCTI
B3a€EMO3B’13KY €(heKTUBHOCTI MiHOYTBOPEHHS Bij Ma-
paMeTpiB i peXXrUMiB pOOOTH TTIHOTEHEPYIOUUX MPHU-
CTpOIB.

ITpu ubomy:

- BUBHAUYE€HO B3aEMO3B’ 130K MiX SIKiCTIO IMTiHOYTBO-
PEHHSI Ta KOHCTPYKTUBHUMU OCOOJIUBOCTSIMU OKpE-
MUX €JIEMEHTIB ITIHOTeHEPYIOUOTO MIPUCTPOIO;

- YIOCKOHAJIEHi MaTeMaTU4Hi MoJesi pyxy MoTo-
KiB piIMHM, MOBITPSI U MiHU Yepe3 KOHCTPYKTUBHI
eJIEMEHTU I1iHOI€HEePYIUOro IMPUCTPOIO Ta OKpeMmi
eJIeMeHTU 00JIaAHAHHSI HACOCHO-LUPKYISLINHOL Ch-
CTeMU;

- TEOPETUYHO Ta €KCIIePMMEHTaJIbHO OOIPYHTO-
BaHi aHaJITUYHI 3aJIe3KHOCTI PyXy IMOTOKIiB PiaWHMU,
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PO3POBKA POAOBMUIW, KOPUCHUX KONAJINH

MOBITPS 1 MiHU Ta e(heKTUBHOCTI pOOOTHU ITiHOTEHE-
PYIOUUX ONPUCTPOIB Bill IX KOHCTPYKTUBHUX OCOOJIH-
BOCTEI;

- HAyKOBO OOIPYHTOBAaHO METOI BHOOPY OIITH-
MaJbHUX KOHCTPYKTUBHUX (POPM €JIEMECHTIB ITiHOTE-
HEPYIOUMX IIPUCTPOIB, 110 BIUIUBAIOTH Ha (hOpMYBaH-
HsI TIOTOKIB PiMHU, MOBITPS i ITiHU.

IIpakTuuyna 3HauumicTb. Ha ocHOBi mposene-
HUX TEOPETUYHUX i eKCIIEPUMEHTAIbHUX TOCTiI>)KEHb
BU3HAUEHi palioHaJIbHi FreOMeTpUYHi (hopMM Ta Ma-
paMeTpU, BCTAHOBJIEHI ONTUMAabHI peXXUMU pOOOTU
MiHOTeHEPYIUUX MPUCTPOIB, 110 € OCHOBOIO IS
CTBOPEHHSI HOBUX BUCOKOE(MEKTUBHUX MiHOTEHEPY-
IOUMX MTPUCTPOIB. 3aMPONOHOBAaHA HU3KAa METO/IiB Ta
3aC00iB KOHCTPYKTUBHOTO i1 TEXHOJIOTIYHOIO XapakK-
Tepy s MiABUILIECHHS €(EKTUBHOCTI MPOMUBAHHSI
CBEPIUIOBUH ITIHUCTUMHU po3unHaMu. Pesynsratu Bu-
KOPUCTaHI MpPU BAOCKOHAJIEHHI HACOCHO-LIUPKYJIS-
LilTHOI CUCTEMU [JIsi IPOMUBAHHSI CBEPIJIOBUH TITi-
HUCTHUMU PO3YMHAMU.

KimrouoBi cioBa: ninoecenepyrouuii npucmpiil,
HACOCHO-UUPKYAAUIUIHA cucmema, aepoeana piou-
Ha, nina, nomik piouHu

Ilenn. [ToBbieHne 3¢hHEKTUBHOCTU MEHOTEeHe-
PUPYIOIINX YCTPOMCTB HACOCHO-IMPKYISIIIMOHHBIX
crcTteM OYpOBBIX YCTaHOBOK. IlocTaBieHHast 1Ieib
JIOCTUTAETCSI Yepe3 peasTn3alliio CICAYIONNX 3a1ay:

- IpPOBEIEeHNE aHaJIM3a M CEJICKTUBHOTO OTOOpa
TEOPETUUCCKUX U SKCIIEPUMEHTATBHBIX PE3YJIBTaTOB,
TCOMETPUUCCKIX TTapaMEeTPOB, PEKMMOB PAaOOTHI TIe-
HOTeHEPUPYIOLINX YCTPOUCTB;

- pa3paboTka U OOOCHOBaHUE paLMOHAJILHOMI
CXeMbl OOBSI3KM OOOpPYIOBAHUSI U YCTPOUCTB ISt
TIPOMBIBKU He(TETa30BbIX CKBaXKUH ITIEHAMU.

Mertonuka. Bxirouaer:

- aHaJqM3 YCJIOBUU W OIbITa 3KCIUTyaTalluM pa3-
JIMYHBIX KOHCTPYKTUBHBIX OCOOEHHOCTEN YCTPOMCTB
1 00OpYIOBaHMS HACOCHO-IUPKYISIUOHHBIX CH-
CTeM IIJTsI IPOMBIBKM CKBaXKWHBI TICHAMU

- MaTeMaTU4eCcKoe MOJIeIMpPOBaHNE TIEHO0OPa3o-
BaHUS B TIEHOTCHEPUPYIOIIEM YCTPOMCTBE KEKIIH-
OHHOTO THIIa C WCIOJIb30BaHMEM 3aKOHOB OayraHca
SHEPTUM, HEIIPEPHIBHOCTHU ITOTOKA, COXPAaHCHUS KO-
JINYECTBA ABWKCHUSI, a TaKXKe MCIIOJIb30BaHUE KPU-
tepus Jlartaca, yucen Bedbepa u Maxa, ypaBHeHUS
JIpl11EBCKOTO;

- KOMITbIOTEpPHOE MOJETMPOBaHNE TTIEHOTeHEPUPY-
IOLIETO YCTPOMCTBA MPOBOAMUIIOCH C LIEJbIO ONTUMMU-
3al[U¥ er0 BHYTPEHHNX KOHCTPYKTUBHBIX 3JIEMEHTOB;

- 9KCIEpUMEHTAJIbHOE OIpenelieHNe OCHOBHBIX
napamMeTpoB U PEXMUMOB pabOTHI C YYETOM M3MEHE-
HUSI KOHCTPYKIIUU TICHOTEHEPHUPYIOIIETO YCTPOIi-
CTBa.

Pe3ynbrarsl. BRIOMHEHBI TeOpeTUUYECKUE WC-
CJICIOBAHMUSI TI0 BBISIBICHUIO M OMIPENCIICHUIO BIIUSI-

ISSN 2071-2227, HaykoBui BicHuK HI'Y, 2016, N 3

HUS HanboJIee CYIIeCTBEHHBIX (PaKTOPOB 1 BEIOpaHBI
OINITUMAaIbHBIC TEOMETPUICCKIC TTapaMeTPhI M PEXKI-
MBI pabOTHI TIEHOTEHEPUPYIOIINX YCTPOMCTB, KOTO-
pble 00eCeYMJIM BBICOKYIO 3(P(EKTUBHOCTH IIPO-
MBIBKM CKBaXWHBI meHaMmu. [IpoBemeHBl 3KcHepu-
MEHTAJIbHBIC MCCICIOBAHMS IJIsSI YCTAHOBJICHUS B3a-
MMOCBSI3U MEXIY TeOMETpUIeCKUMU (hopMamu, Ta-
paMeTpaMM, peXuMaMu padoThl MEHOTeHEPUPYIO-
LIMX YCTPOHCTB U 3(Pp(HEKTUBHOCTHIO MEHOOOpa30Ba-
HUSI.

Hayuynas HoBu3Ha. TeopeTnyecKue M dKCIIEPH-
MEHTaJIbHbIE MCCIIEIOBAHUS TPOTEKAHUS XKUIKOCTH,
BO3IyXa M MX CMECH Yepe3 KOHCTPYKTUBHEIC 3JICMEH-
TBI 00OPYIOBaHUS TTO3BOJISIIOT YCTaHABIIMBATH 3aK0-
HOMEPHOCTH B3aMMOCBSI3U 3(PPEeKTUBHOCTU TIEHOO-
Opa30BaHUS OT ITAPAMETPOB M PEKMMOB PaOOTHI I1e-
HOTCHEPUPYIOIINX YCTPOUCTB.

I1pu sTom:

- oIpeneeHa B3auMOCBSI3b MEXy Ka4eCTBOM IIe-
Hbl U KOHCTPYKTUBHBIMU OCOOCHHOCTSIMU OTIEJb-
HBIX 2JIEMEHTOB ITIEHOTE€HEPUPYIOILIETO YCTPOMCTBA;

- YCOBEPIIIEHCTBOBAHbl MaTeMaTUUECK1E MOIEIU
IIBVKEHWUST TIOTOKOB KMIKOCTH, BO3IyXa U TIEHBI Ye-
pe3 KOHCTPYKTUBHBIC 3JIEMEHTBHI TIEHOT€HEPUPYIO-
IIIETO YCTPOMCTBA U OTIEIbHBIE 3JIEMEHTHI 000pYI0-
BaHWST HACOCHO-IUPKYJISIIIUOHHON CUCTEMBI;

- TEOPETUYECKH 1 SKCIICPUMEHTAJIBHO 000CHOBA-
HBl aHAIMTUYECKHE 3aBUCUMOCTH IBIVDKCHUS TTOTO-
KOB XKMIKOCTH, BO3MyXa M MEHH 1 3(PPEeKTUBHOCTU
paboThI TTIEHOTEHEPUPYIOIINX YCTPONCTB OT MX KOH-
CTPYKTHUBHBIX OCOOCHHOCTEIA;

- HaydHO OOOCHOBAH METOI BbIOOpA OINTUMAJIb-
HBIX KOHCTPYKTUBHBIX (POPM 3JI€MEHTOB MEHOIeHe-
PUPYIOIIUX YCTPOMCTB, KOTOPbIE BAUSIOT Ha (DOPMMU-
pOBaHWE TTOTOKOB JKUIKOCTH, BO3IyXa U ITCHEI.

IIpakTnyeckas sHauMMoOcTh. Ha ocHOBe mipoBe-
JIIEHHBIX TEOPETUICCKUX M SKCICPUMEHTAJBHBIX HC-
CIIeIOBAHMUIA OIpPENeSIeHBl ONTUMAaIbHbIE TEOMETPH-
yeckre (opMbI M TTapaMeTpbl, YCTAHOBJICHBI OIITH-
MaJIbHbIC PEXUMBI pPadOThl ITEHOTCHEPUPYIOIINX
YCTPOMCTB, KOTOPHIE SIBJISTIOTCSI OCHOBOM 71T CO3/Ia-
HUST HOBBIX BBICOKOA(D()EKTUBHBIX IIEHOTEHEPUPYIO-
X yCTpoicTB. I1pennoxeH psin METOIOB U CPENCTB
KOHCTPYKTUBHOIO M TEXHOJIOTUYECKOTO XapakTepa
IUJISI TTOBBIIIEHUST 3D (HEKTUBHOCTU TTPOMBIBKM CKBa-
JKWUH MEeHUCTBIMU pacTBOpamMu. Pe3ynabTaThl UCTIOb-
30BaHBI TIPU COBEPIIEHCTBOBAHUM HACOCHO-IIMPKY-
JISIAOHHOM CUCTEMBI JUIST TTIPOMBIBKM CKBaXXKUH IIe-
HUCTBIMH pacTBOPaMMU.

KitroueBble ciioBa: nenocenepupyouiee ycmpoii-
CME0, HACOCHO-UUPKYAAUUOHHAS CUCMeEMA, aspu-
POBAHHASL HCUOKOCMb, NeHA, NOMOK HCUOKOCHU

Pexomenodosano 0o nybaikauyii dokm. mexH.

nayk B. C. Bireuyvkum. Jlama nHadxo0cenHst pyKo-
nucy 02.06.15.
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