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PATTERNS OF AIR MIXTURE MOVEMENT IN THE OPERATING AREA
FOR THE ANNULAR EJECTOR OF PNEUMATIC TRANSPORTATION SYSTEM

Purpose. To establish the regularities of two-phase flow of “gas-solid particles” in the operating area of an annular ejector
where the following processes take place: air mixture ejecting, compressed air outflow from the ejector nozzle, air mixture flows
mixing in the transport pipeline. In the work, the velocity distribution is also examined for dispersed phase and air phase of air
mixture during its loading and accelerating in the transport pipeline of the pneumatic transport system.

Methodology. The research is based on the fundamental approaches of mass point dynamics, aerodynamics, the theory of jet
flows and iteration methods of numerical solution of equations.

Findings. The mechanics of the air mixture flow under the ejection and aerodynamic force in the operating area of an annular
ejector and at the beginning of transport pipeline is analyzed using the method of iterations. The impact of air mixture flow in the
operating area of an annular ejector on energy performance of the pneumatic transport system is evaluated.

Originality. The originality is that, for the first time, the regularities describing two-phase “gas—solid particles” flow at the
loading area of the pneumatic transport system with an annular ejector have been obtained. This made it possible to characterize
the velocity distribution of the dispersed and air phases of the air mixture during their loading and aerodynamic acceleration in the
transport pipeline. Also, an innovative approach to the effectiveness of the use of pipeline pneumatic transport is the assessment of
the energy indicators of the use of ejector-type pneumatic transport equipment depending on the rate of compressed air outflow
from the ejector.

Practical value. The implementation of the results in the modernization of existing and in the creation of new pneumatic trans-
port systems with an annular ejector makes it possible to increase the efficiency of their use in the technological processes of mov-

ing dispersed materials at mining and metallurgical enterprises and in other areas of technology.
Keywords: pneumatic transportation system, air mixture, annular ejector, transport pipeline

Introduction. Pipeline and pneumatic transports, in par-
ticular, are widely used in various sectors of national econ-
omies [1]. Stationary and mobile pneumatic transport systems
of domestic and foreign production are used in a wide range of
various technological processes. The advantages of pneumatic
transportation of dispersed materials are well known and make
the pneumatic transportation the most attractive for use in
limited production conditions without harmful effects on the
environment. The main disadvantages of this type of transpor-
tation include the high specific electricity consumption (up to
4—10 kWh/t) for the movement of dispersed material and the
cost of demolition of pipelines and equipment; these costs can
reach 50 and 30 % of the cost of transportation, respectively
[2, 3].

In this paper, the object of the research is ejector-type
pneumatic transport equipment, which, due to its design fea-
tures, makes their use more effective as shop pneumatic trans-
port compared to other types of pneumatic transport equip-
ment [4].

The efficiency of using ejector pneumatic transport sys-
tems (PTS) at mining and metallurgical enterprises for trans-
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porting the dispersed materials through the pipeline depends
on the power intensity of the processes of loading and moving
the air mixture under the ejection and aerodynamic force. Re-
ducing the power intensity of these processes is a relevant task
that needs the research on a physical picture of the two-phase
“gas—solid particles” flow with minimal possible energy losses
of the carrier flow.

Literature review. A characteristic feature of the air mix-
ture flow in the ejector-type PTS is the presence of continuous
turbulent disturbances caused by several separate flows: the
ejected total flow of dispersed and air phases of the air mixture
and the ejecting flow of compressed air. A large number of for-
eign and Ukrainian scientists have been engaged in fundamen-
tal and experimental studies on the mechanics of two-phase
“gas—solid particles” flows. In particular, in the studies by
A.Ye.Smoldyrev, I. M. Razumov and L. S. Klyachko a signifi-
cant number of the problems of pneumatic transport of dis-
persed materials by pipeline systems is considered. However,
the peculiarities of dispersed material loading by ejection and
the interaction of turbulent flows at the beginning of the pipe-
line have not been sufficiently investigated. The results of stud-
ies on turbulent mixing of ejecting and ejected flows of homo-
geneous and heterogeneous gases are presented quite fully and
in detail in works [3, 6], but these works do not take into ac-
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count the presence of a dispersed phase of the air mixture in
the mixing zone and its influence on the general characteris-
tics of the flow. So, the regularities of pipeline pneumatic
transportation of dispersed materials and turbulent mixing of
air jets obtained in these works cannot fully describe the regu-
larities of the air mixture flow in the operating area of the PTS
annular ejector.

Status of the issue. The use of complex nonlinear Navier-
Stokes and Reynolds equations [7], related to the fundamental
scientific principles in the study on turbulence, in the practice
of studies on air mixture flow by ejector PTS raises many ques-
tions and uncertainties. In this regard, these equations are not
used widely, and the mathematical description of air mixture
flow under the joint action of ejection and aecrodynamic force is
an urgent task for the development of science and technology.

Purpose. The purpose of this work is to establish the regu-
larities of movement under the ejection and aerodynamic
force of the two-phase “gas—solid particles” flow in operating
area of the PTS annular ejector. In accordance with the set
goal, to determine the nature of distribution of the velocities of
dispersed and air phases of air mixture along the horizontal
axis of transport pipeline in the zone of air mixture loading
and acceleration in the PTS. In addition, to analyze the effect
of changing the rate of compressed air leakage from the ejector
on the energy performance of the PTS.

Methods. To obtain a qualitative characteristic of the vel-
ocity distribution of dispersed and air phases of air mixture
along the horizontal axis of the operating area of an annular
ejector, the fundamental approaches are used of mass point
dynamics, aerodynamics and the theory of jet flows by the it-
erative method of the numerical solution of the transcendental
equations describing the mechanics of the two-phase “gas—
solid particles” flow in the operating area of an annular ejector.
To carry out the evaluation of the impact of the change in the
rate of leakage of compressed air from the ejector on the energy
performance of the PTS, the method of iterations is used.

Results. The kinematics of pneumatic transportation of
dispersed material through a pipeline is much more compli-
cated than the air mixture flow in a space between two parallel
walls [8]. But the basic nature of the flow of air mixture phases
along and across the axis of the pipeline is well described with-
in the framework of a plane problem [2, 9]. In addition, in the
analytical solution of most spatial problems related to the tur-
bulent mixing of single phases of air mixture, it is generally
accepted to consider a one-dimensional flow of an air mixture
with parameters averaged over the cross section [7]. Taking
this into account and assuming that the solid phase of the two-
phase “gas—solid particles” flow is a lump medium consisting
of homogeneous solid particles with a density of p,, let us con-
sider an analytical representation of the mechanics of air mix-
ture flow along a horizontal pipeline for the plane problem,
according to the calculation scheme of its movement, the gen-
eral view of which is shown in Fig. 1. Here: / — annular ejector;
2 — particles of dispersed material; 3 — transport pipeline; D —
the diameter of the transport pipeline; # — the width of the
annular gap of the ejector nozzle device; d — wall thickness of
the annular shall of the ejector nozzle device; f — the angle of
expansion of the ejecting air flow; L — the length of stabiliza-

Fig. 1. Calculation scheme of air mixture flow [8]:

1 — annular ejector; 2 — particles of dispersed material; 3 — trans-
port pipeline

tion section of the air mixture; xOy — rectangular coordinate
system; I, I1, I1I — air mixture flow zones; C — conical surface
top of interaction of the ejected and ejecting air flow; A4 and
MM — cross-sections of operating area of annular ejector; py,
pyr and py; — densities of the ejected, ejecting and mixed flows

of air phase of the air mixture; #;, 4; and ¥;; — averaged over
the cross-section velocities of the ejected, ejecting and mixed
flow of air phase of the air mixture.

The following zones are conditionally allocated on the cal-
culation scheme of air mixture flow: I — ejected air mixture
flow (conventional cone with top at point C and base located at
cross-section AA); I1 — ejecting flow of compressed air (a con-
ventional hollow cylinder with a base of cross-section MM,
inside which there is a conventional cone of the ejected air
mixture flow); III — mixed air mixture flow.

Assuming that the air mixture flow relatively to the axis of
the transport pipeline is described by function f(x) = D/2 —h —
— 0 —x/ctgd, conditional boundaries of the distribution of the
air mixture flow in the operating area of the annular ejector
(Fig. 1) has the form [10]

0<x<(D/2-h-38)ctgd; —f(x)<y<f(x),

for zone I, where a material particle moves under the gravity
and air ejected from the atmosphere;

0<x<(D/2-h-9)ctgd; -D/2<y<—f(x),

and f(x) <y < D/2 for zone 11, where a material particle moves
under the gravity and ejecting compressed air;

(D/2-h-3)ctgd<x<L; -D/2<y<D)2,

for zone 111, where a material particle moves under the gravity
and mixed air flow.

According to the fundamental science of the movement
of a two-phase “gas—solid particles” flow, a separate particle
of solid phase of air mixture in the PTS pipeline is affected by
the following forces: gravity; aerodynamic; Magnus-Zhukov-
skyi and Archimedes forces; interphase viscous friction,
which is determined by the law of Stokes, Safman and fric-
tion [9, 11].

Taking into account the fact that the Safman force acts
only on very small particles of the solid phase of the air mix-
ture, and the Magnus-Zhukovsky lifting force depends on the
angular velocity of the particles, in most cases these forces are
not taken into account in the theory of pipeline pneumatic
transport. Another feature of engineering calculations of
movement of a loose material single particle in the air flow is
the neglect of the frictional forces of the particle with the walls
of the pipeline and with other particles of solid phase of the air
mixture.

The density of lump types of loose materials transported by
the PTS is 1200—4700 kg/m? and depends on the composition,
type and degree of metamorphism. Then the ratio of densities
of air phase and solid phase of the air mixture, and therefore
the Archimedes force, during the transportation of large par-
ticles of solid phase of the air mixture can be neglected.

Based on this and using the main equation of the dynamics
of mass point from [10] for the analysis of the dynamic state of
the solid phase of the two-phase “gas—solid particles” flow in
the zones of air mixture flow / = [-I1I (Fig. 1) under the ejec-
tion and aerodynamic force in xOy coordinates, the following
system of equations is obtained

|2HXA1'VX i =20, At — B —+J4u, A B, + B
In : X

|24, A7, ~ 20, AT, ~ B, +\[4n, 4B, + B?

17X,

AV 20 AT~ B 4 A B + B |
. -

20, AV = 21,4, EIL o~ B- \/4!~leiBi +B}

= (D

=14, AB + B2, (i = I, II);
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|2py 020, A~ B [, 4,(B ) + B

|2uy 7~ 2, AT - ,.+\/4,uy (B, +g)+ B

VAT, ~ B+ J4u,4,(B,+g)+ B

2u, A4, , —2n
X

2uyA,.V0~y—2pyA[ui|n:0—B,.— \/4“y 4(B+g)+ B =
=t J4, 4 (B +g)+ B2, (i =L 11);
AT, 20, AT - B~ 4 A B+ B
|2ux V.~ 20, AT, — B+ 4y A B, + B?
2pr1 i 2pXAiﬁi|t:, — B, ++4u A.B, + B?
2uxA,vx, . 2priE,.|t:ti‘ — B, —\J4u 4B, + B? - O
:(ti—ti_l)\/m, (i = 11);
|2uy 7, -2, AT~ B,— 4, A,(B,+g)+ B?
|2uy 7, — 2, AT, — B, + 4, 4,(B, +g)+ B} "
W, AT, -2, AT B+ 4,4 (B g)+ B
quyAlvy,1 M AT ~B,—\4u,4,(B,+g)+ B! -@

=(t,—t,,)y4u,4,(B,+2)+ B2, (i = 1),

where i, and py are dimensionless front resistance and lift co-
efficients (functions of Reynolds number and angle of attack),

which are determined experimentally; 4, =S 2p};1 B, =3nv— Pi

,m
(S is the area of the streamlined surface of the particle, m?; p;
is density of the air phase of the air mixture, kg/m?>; m is mass
of an individual particle of the solid phase of air mixture, kg;
= 3.14; v is kinematic viscosity of air, m?/s); v, ; and ¥, ; are
horizontal and vertical components of the cross-section aver-
aged velocity of a material particle v;, m/s; u,; and u,; are
horizontal and vertical components of the cross-section aver-
aged velocity of air flow #;, m/s; g=9.81 m/s” is free fall ac-
celeration; 7 is time of particle movement, s.

The cross-section averaged velocities of air flow u; (i=1—
I1I) are related by the following system of equations [4, 10]

ﬁl|r=0 :O'SEHL:O(I_X)tg(p; (&)
ﬁl|t:tl :ﬁ“L:r, /(1+3X); (6)
T, =il _, [1-05x(1+xt20)]; (7)

iyl =0.53,|  [1-0.57(1+1te0)],/0.15+0.85/(1-%), (8)
where y is dimensionless coefficient of air flow energy dissipation,
which is from 0.05 to 0.3 and depends on the design characteris-
tics of the ejector and its connection with the transport pipeline.

The expansion angle of ejecting air flow f for the structural
scheme (Fig. 1) of the annular ejector is the angle of local
interaction of ejecting and ejected air flows, which plays a sig-
nificant role in determining the loss of kinetic energy in the
process of mixing these flows [4].

Taking into account the insignificant length of the corres-
ponding zones of the air mixture flow for each stage of its
movement, it can be assumed that % =const and p; = const
(i=1-I1I).

Taking into account the axiality of the surface of the tangen-
tial discontinuity of the ejected and ejecting air flows along the
Ox axis (Fig. 1), it is the following x; = x;; #; = #4;. At the moment
of time #,= 0 (i = 1, II) the following equations can be written

=y =hy

v

X0l —0 = VO,X; vy,i £ =0 = vO,y’

where V,, and V,, are projections on the corresponding co-

ordinate axes of the cross-section averaged supply velocity ¥,
of the dispersed phase of the air mixture in the PTS, which is
determined by the loading method of the transported material:
gravitational, mechanical, vibro-aerodynamic materials, etc.

The system of equations (1—4), which describes the move-
ment of a single particle of the solid phase of the air mixture,
qualitatively assesses the mechanics of the air mixture flow
during its loading and aerodynamic acceleration in the operat-
ing area of the PTS annular ejector (i = I-III). This estimate is
based on taking into account the characteristics of two parallel
processes: ejection (p;; ¥ ; ¢ and y) and aerodynamic trans-
port (m; V;; S, peand p).

To obtain a quantitative characteristic of mechanics of dis-
crete phase flow of the air mixture during its loading and aero-
dynamic acceleration in the operating area of the PTS annular
ejector, it is necessary to take into account the particle size
distribution and physicochemical properties of the transported
material. This is due to the fact that each individual solid par-
ticle has its own numerical parameters of movement, but the
general nature of the air mixture flow is unchanged and subject
to the same laws.

The results of solving the transcendental equations (1—4) by
iteration method and the regularities of the movement velocities
distribution of the air and dispersed phase of the air mixture in
the operating zone of the annular ejector are shown in Fig. 2.

Here: 1, 2— u;, 3, 4—7V,.The averaged air mixture phase
velocities during its movement in zones i = [-III are: velocity

of the air phase ¥; in accordance with equations (5—8); vel-

ocity of the dispersed phase V; =4[V, +Vy2,,<. In addition, we
suppose that the time of movement of a dispersed phase par-
ticle is equal to absolute value of the ratio of the distance trav-
eled to the corresponding flight velocity.

To build the dependencies shown in Fig. 2, calculations
were carried out with the initial conditions:

-in Il (for0<x<(D/2—-h-3) ctgdpand — D/2 <y <—f(x))
and III zones (Fig. 1) the movement of a separate spherical
particle of rock (density p, = 2 t/m?, diameter d = 0.04 m, vol-
ume V = 3.35- 107° m?, area of the streamlined surface .S =
=5-10" m*and mass m =0.067 kg, p, = p, = 0.4) is considered;

- PTS with an annular ejector has the following character-
istics: D=0.2m, h=56=2mm, L =1 m (Fig. 1), ejector flow
rate y =0.1;

- compressed air (ejecting flow) used for transportation has

following parameters: air pressure P“| = 0.2 MPa, temper-
ature 7y, = 1) = Ty = 290 K, unlversal gas constant R =
= 287.14 J/(kg - K), density (according to the Mendeleev-
Clapeyron equation) p“|t:0 =2.4kg/m’ v=151-107 m%/s;

- density of ejected air pl|t:0 =1.24 kg/m3 and air density
P =(pn|t:0+p1|f:0)/2=l.82 kg/m3 = const, the angle ¢ is

equal to the local interaction angle of air ejected from the

atmosphere, the pressure of which is taken A | =0.1 MPa,
and ejecting air flow, ¢ = 14 grad;

iy v;, m/s
80 12
60 A B /
40
C
20 & B 3 4
€
0.0 02 04 06 08 xm

Fig. 2. Calculated movement velocities of the air (u;,i=1-III)
and dispersed (v,,i=1-11I) phases of the air mixture in the
operating zone of the PTS with annular ejector
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- dispersed phase of the air mixture is loaded using a vibrat-
ing loading body, where, according to the results of research [5],
itistaken v, ; =0.32 m/s; v,;=0.25 m/sand, accordingly, the
average velocity of vibro-aerodynamic loading is ¥; =0.4 m/s.

Fig. 2 shows calculated regularities for two variants of
compressed air leakage from the ejector: the initial velocity of

air leakage from the nozzle device of the ejector is ﬁ“L:O =
=80 m/s (curve /) and EHL:O =72 m/s (curve 2, which cor-

responds, for example, to a loss of compressed air leakage rate
due to the leak in the air supply line of 10 %).

Analysis of regularities from Fig. 2 shows that the velocity of
the air phase of air mixture relative to the length of the operating
aria of the PTS annular ejector decreases according to a para-
bolic dependence, whose graph has the form of the 3" degree
polynomial. With the approximation reliability value R* ~ 1,
these regularities correspond to approximating functions

7, =89.6x* —98.24x2 —13.04x + 80 (curve 1);
i7, = 80.644x* —88.419x? —11.736x +72 (curve 2).

At the same time, the velocity of a dispersed phase particle
of air mixture (curves 3 and 4):

- rapidly increases at the maximum rate of leakage of eject-
ing flow from the nozzle device;

- slightly decreases at points 4, when the velocity of ejecting
air flow decreases, and the velocity of ejected air flow increases;

- stabilizes in the zones between points 4 and B;

- lightly increases at points B, where the velocity of the
ejected air flow increases, and the velocity of the ejecting flow
decreases;

- decreases in the zones between points Band C, where the
maximum loss of kinetic energy of the ejecting air stream oc-
curs due to its mixing with the ejected flow;

- stabilizes at the end of the mixing process of the ejected
and ejecting air phases of the air mixture.

Thus, it can be stated that a 10 % decrease in the velocity
of the air phase of the air mixture (curves / and 2) leads to a
decrease in the velocity of the solid phase of the air mixture
(curves 3and 4) up to 50 % in zone where the ejecting flow acts
to approximately 75 % at the end of the operating aria of the
PTS annular ejector.

If for the dispersed phase of the air mixture in the initial
conditions we consider another type of bulk material, then the
calculations confirmed that the obtained patterns of the move-
ment of the air mixture in the working area of the PTS annular
ejector are preserved. At the same time, the granulometric
composition and physicochemical properties of the transport-
ed material determine the choice of the transport pipeline
diameter and the energy costs for pneumatic transportation.
This necessitates an increase in the numerical value of the air
phase velocity of the air mixture for heavier particles of the
dispersed phase of the air mixture for their aerodynamic ac-
celeration and movement in a suspended state.

To establish the regularities of the influence of the air mixture
flow in operating aria of the annular ejector on the energy indica-
tors of the PTS operation, we use the equation given in [4]. This
equation describes the physical picture of air mixture flows inter-
action in operating aria of the PTS annular ejector, taking into
account the vibro-aerodynamic method for loading the dis-
persed phase of the air mixture, and in our case, it has the form

= = \p2
(PIIL:O “11|,70 + Bty )D -

_(P“L:o E“Lfo _P1|t:0g1|170)[D_2(8+h)T =

2G o\ - —
= 7;1 {Ql (”1211 _”12)_”121 +u + )
—2(8+h) |k, —k
+2Q2g|:D (S:gq)}( 2 1)}9

T_ 2] .
where G = Zu“ |t:0 p“|’:0 {Dz —|:D -2(8+ h)] } is mass flow
rate of compressed air supplied to the ejector, kg/s; Q, and Q,

are specific flow rates of the air and dispersed phase of the air
mixture per unit mass of compressed air supplied to the ejec-
tor; k, and k, are dimensionless weighting coefficients of par-
ticles of dispersed phase, respectively, at the end and at the
beginning of the mixing zone of the air mixture in the ejector.

Using iteration method to solve (9), it can be concluded
that for the initial conditions of the two-phase “gas—solid par-
ticles” flow in the PTS with the annular ejector at k&, = 1 and
k,; = 0.5 and vibro-aerodynamic method of dispersed phase
loading, a decrease in the velocity of the ejecting air flow, for
example, by 10 % leads to a proportional increase in the
specific flow rate of compressed air for moving the air (up to
13 %) and dispersed (up to 11 %) phases of the air mixture.

Conclusions. The regularity of the two-phase “gas—solids
and particles” flow in the operating aria of the annular ejector
has a parabolic dependence of distribution of the velocities of
the air and dispersed phases of air mixture relative to the hori-
zontal axis of the ejector operating aria. At the same time, the
loss of kinetic energy of the compressed air (decrease in its
leakage rate) supplied to the ejector leads to an almost directly
proportional increase in the specific flow rate of compressed
air for moving the air and dispersed phases of the air mixture.

Establishing the regularities of the two-phase “gas—solid
particles” flow in the working zone of the PTS annular ejector
is an urgent scientific and technical task aimed at investigating
the processes of loading and acceleration of particles of the
dispersed phase in this type of equipment.

Studying the influence of the compressed air outflow vel-
ocity from the nozzle device of the ejector on the kinematic
parameters of air mixture flow at the beginning of the PTS
transport pipeline makes it possible to evaluate the role of
specific air consumption in the energy indicators of the use of
this type of equipment. The results can be used in the design of
new and improvement of existing PTS with an annular ejector
to increase its efficiency in various technological processes at
mining and metallurgical enterprises.
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Merta. BcraHOBUTH 3aKOHOMIpHOCTI pyXy ABO(a3HOTO T0-
TOKY «T'a3—TBepPIli YaCTUHKU» B pOOOUill 30Hi KiJIbLIEBOTO €XKeK-
TOpa, 1€ BiTOYBAETHCS €XKEKTYBAHHSI a€POCYMillli, BATOK CTUC-
HEHOT'O MOBITPsI 3 COMJIOBOTO MPUCTPOIO €KEKTOpa Ta 3Millly-
BaHHS TIOTOKIB aepOCyMillli Y TPAaHCIIOPTHOMY TPYOOIIPOBO/II.
JocainuTy po3nofia MBUAKOCTEH AUCIIEPCHOI i1 TTOBITPSIHOT
a3 aepocyMillli min yac ii 3aBaHTaKCHHS i PO3TOHY y TpaH-
CIIOPTHOMY TPYOOITPOBO/Ii THEBMOTPAHCIIOPTHOI CUCTEMH.

Metoauka. JlocmimKkeHHs 6a3yl0ThCsl Ha (DyHIaMEHTaIb-
HUI Miaxonax AMHaMiK1 TOYKHM Macu, aepoJMHaMiKu, Teopii
CTPYMUHHMX TeUill Ta iTepaliiHMX METoJax YMCIOBOIO pi-
LLIEHHS PiBHSHb.

Pe3ynbraTn. IlpoaHanizoBaHa MexaHika TepeMillleHHS
aepocyMillli Mia ai€to exXeKllii Ta aepoAMHaAMiYHOI CUJIU B PO-

00uili 30Hi KiJIbLIEBOTO €XEKTOpa il Ha MOYaTKy TPaHCIOPT-
HOTro TpyOorpoBoay. BukoHaHa oliHKa BIUIMBY 3aKOHOMip-
HOCTe! pyxy aepoCyMillli B poOOoUiil 30Hi KiJIbLIEBOT'O €XKEeKTO-
pa Ha eHepreTUYHi MOKa3HUKU POOOTH MTHEBMOTPAHCIIOPT-
HOI CUCTEMMU.

Haykosa noBu3na. [loJisirae B Tomy, 1110 BIiepiiie OTpUMa-
Hi 3aKOHOMIpPHOCTI, $IKi OIMUCYIOTh pyX ABO(Aa3HOTO MOTOKY
«ra3—TBEpAi YaCTMHKW» Ha 3aBaHTAXyBaJbHIil IiJISTHIL
ITHEBMOTPAHCITOPTHOI CUCTEMM 3 KiJIbLIEBUM €KEKTOPOM.
Lle 103BOINIO OTPUMATH XapaKTEPUCTUKY PO3ITOALTY LIBU/I -
KOCTe} IucrnepcHOI i MOBITPsAHOI ha3 aepocyMillli Mij yac ix
3aBaHTaXEHHS Ta aepOAMHAMIUHOTO PO3TOHY Y TPAHCIIOPT-
HOMYy TpyOompoBodi. TakoxX iHHOBaUiHUM MiAXOAOM [0
e(eKTUBHOCTI 3aCTOCYBaHHsI TPYOOIIPOBIIHOIO ITHEBMO-
TPAHCIIOPTY € OLlIHKA €HEePreTMYHUX MOKA3HUKIB 3aCTOCY-
BaHHSI TTHEBMOTPAHCIIOPTOTO YCTaTKyBaHHSI €XEKTOPHOIO
THIY 3aJIeKHO Bill IIBUIKOCTI BUTOKY CTUCHEHOTO TTOBITPSI 3
eXeKTopa.

IIpakTiyna 3HauumicTh. Peasizalis pesyabTaTiB A0OCHi-
JI>KEHb IIPY MOJIEpHi3allii iCHYI0YMX i CTBOPEHHI HOBUX ITHEB-
MOTPAHCITOPTHUX CUCTEM 3 KiJIBIIEBUM €XEKTOPOM ITO3BO-
JINTh MiIBUIIUTHU €(PEKTUBHICTb iX BUKOPUCTAHHS B TEXHOJIO-
FiYHUX Tpoliecax MepeMillleHHsT AUCIIePCHUX MaTepiajliB Ha
MiINPUEMCTBAX TiPHUYO-METAJTYPriiilHOrO KOMILJIEKCY Ta B
iHIIIMX 00JIACTSIX TEXHIKMU.

KurouoBi cioBa: nnesmompancnopmua cucmema, aepocy-
Miut, Kinbyesuil ejceKmop, mpaHcnopmuuli mpyoonpogio
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