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Abstract. The application exergy method of the thermodynamic analysis for determining the energy
loss of the operating fluid in the intake system of the automobile piston pneumatic engine using
experimental data of its engine test rigs has been considered. The analysis of the performed exergy
calculational and experimental research on the evaluation of energy loss in the intake system of the
engine for current modes of its operation has been presented. The sample of a piston pneumatic
engine for a combined automobile power unit created at the ICE Department of KhNAHU requires
further improving and developing especially such components and systems as those connected to the
burn process. A compressed air intake system is one of them. Compressed air is not only some
working fluid for a pneumatic engine but the energy source for its intake system. The energy loss
factor like reliability and durability is referred to the performance and efficiency factors. The object of
the study is a pneumatic engine created by converting a gasoline four-cylinder four-stroke ICE at the
ICE Department of KhNAHU. The experimental research was carried out by laboratory engine test
rigs of the pneumatic engine with speed characterization provided that two thermodynamic
parameters of compressed air at the intake were kept constant for each characteristic: pressure p; =
idem and temperature T, = 293 K. In each test mode all external parameters of the pneumatic engine
were recorded and indicator diagrams of the first cylinder were taken. Each speed characteristic
consisted of 6—8 modes p;= idem and T,= 293 K = idem with changing the rotational rate of the
crankshaft n, rpm, from minimally stable (about n=200 rpm) to maximum possible n = 1000 £ 50 rpm
1t should be noted that there is an operating fluid pressure drop in the intake system chamber due to
available inconvertibilities: throttling in the test port, hydraulic loss along the intake port as a result
of fluid friction, swirls and other gas-dynamic phenomena. The exergy loss of the operating fluid
enthalpy in the intake system Dy, =Eq-E,.,with the intake pressure p; = 0.5 MPais 13.3 kW, with the
intake pressure p; = 0.7 MPa is 15.0 kW, with the intake pressure p;, = 0.9 MPa is 16.9 kW, with the
intake pressure ps = 1.1 MPa is 19.7 kW.

Key words: piston pneumatic engine, intake system, energy loss, enthalpy exergy, maximum efficient
power modes.

Introduction

The sample of a piston pneumatic engine for
a combined automobile power unit created at the
ICE Department of KhNAHU requires further
improving and developing especially such
components and systems as those connected to
the burn process. A compressed air intake
system is one of them. Compressed air is not
only some working fluid for a pneumatic engine
but the energy source for its intake system. The
energy loss factor like reliability and durability
is referred to the performance and efficiency
factors.

The method of determining the energy loss
of the compressed air in the intake system of the
pneumatic engine using the experimental data

[1] and well-known exergy method [2, 3] has
been considered in the paper.

Purpose and Tasks

The purpose of this computational and
experimental study is to develop a technique for
applying the well-known exergy method to
determine the energy loss of the operating fluid
of the piston pneumatic engine in the intake
system and the energy loss of operating fluid
(compressed air) as its enthalpy exergy loss in
the intake system of the piston pneumatic four-
cylinder engine with intake operating pressures
ps = 0.5-1.1 MPa at the modes of the maximum
possible efficient power N."** at given pressure
levels ps according to speed characteristics
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ps=1idem with in take constant temperature
T=293 K.

Analysis of Publications

Nowadays there are many publications
devoted to the fundamentals of the exergy
analysis and its application in various fields of
technology. Last decade of the twentieth century
the work on creation of a mathematical
apparatus of exergy analysis in solving
optimization problems in the field of improving
currentequipment and designing new equipment
and technologywas completed. The
fundamentals of exergy analysis are mostly
generalized and fully described in the works of
V. M. Brodyansky [2], G.N. Kostenko [3],
A. R. Kotin [4], G. D. Rem [5]. The issues of the
exergy method application in the field of heat
engineering are studied by A. Il Andryu-
shchenko [6 and others].

Almost all the studies on the exergy method
published since 1964 are referred to the exergy
applications in heat engineering, chemical
technology, metallurgy, cryogenic engineering
and economics. The discussions about the
necessity of this section in thermodynamics and
correctness of its main principles were left in
past. In the 21% century the exergy method got
known to many specialists of various fields of
technology. They considered it as a convenient
tool for solving their specific tasks. The main
advantages of the exergy method of
thermodynamic analysis are its simplicity and

universality [2]. It is possible to determine both
absolute and relative values of energy loss due
to inconvertibilities for any process or its part
using the exergy balance.

So in the recently published work [7] the
simplicity and accuracy of determining the
energy loss of the operating fluid in case of its
inconvertible leakages using the exergy method
were  presented. This  paper  shows
determiningthe dependence of the exergy
characteristic — enthalpy exergy loss due to
external conditions: pressure and temperature of
the supplied compressed air at the intakeof the
power unit p, and 7y were found using
experimental data and theoretical dependences
between the burn process parameters.

Object of Study

The object of the study is a piston pneumatic
engine with specifications presented in Table 1.
The considered pneumatic engine was created at
the ICE Department of KhNAHU by converting
a gasoline four-cylinder four-stroke ICE. The
experience of this conversion is described in
detail in [1].

In accordance with the aboveformulated
purposethe specific object of the study in the
experiment and calculations is the intake system
of the pneumatic engineprototype sample. Each
cylinder of the engine has the same intake
system through which the process of filling the
cylinders with the incoming charge of
compressed air is carried out.

Table 1 — Specificationsof a piston pneumatic engine with spool-type air distribution —prototype sample
designed and created at the ICE Department of KhNAHU in 2008

Parameter Notation | Dimensions | Numeric value
Cylinder diameter D mm 76
Piston stroke S mm 66
Number of cylinders Z - 4
Included angle of cylinder block Y degree 90
Cylinder displacement Vi dm’ 0.2994
Volume ofclearance space Vo dm’ 0.280
Relativeclearance volume Ey=V,/V, E - 0.935
Filling volume Z dm’ 0.0862
Filling rate E,=V/V, E, - 0.288
Volume of reverse compression start V3 dm’ 0.147
Degree of reverse compression E;=V;/Vy, E; - 0.491
Fullflowareaattheintakeline f e m’-10° 3.14
N

Fullflowareaattheexhaustline fimax m’-10° 3.14
Adiabatic exponent of dry air k - 1.40
Adiabatic exponent of humid air, relative humidity =100 % [9] k, - 1.32

This process is not adjustable. It is performed
by a structurally specified period of filling the
cylinder with the incoming charge of com-
pressed air. The process of filling lasts up to 58
degrees of crankshaft turn: three degrees before-

top dead centre (TDC) and 55 degrees after
TDC.

The cylinder in take system includesan in
take port of circular cross-section with a
diameter of 20 mm and a length of 800 mm, two
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test ports of the same cross-section: the first is
on the outer cylindrical rotor surface of the
spool-type air distributor and the second is on
the inner cylindrical stator surface at the
beginning of the intake port. Test ports are
partially or fully matched during the filling.
Their combined flow area varies from zero to a
maximum that is equal to the area of an open
port.

The volume of the internal chamber of the
intake system alongside with the object above
the piston space at the top dead centre is so-
called dead volume that increases the flow
density of compressed air g., kg / (kW/h).

Experimental Techniques

The experimental study was carried out by
laboratory engine test rigs of the pneumatic
engine with speed characterization provided that
two thermodynamic parameters of compressed
air at the intake were kept constant for each
characteristic: pressure ps = idem and
temperature T, = 293 K. In each test mode all
external parameters of the pneumatic engine
were recorded and indicator diagrams of the first
cylinder were taken. Each speed characteristic
consisted of 6-8 modes ps= idem and Ti= 293 K
= idem with changing the rotational rate of the
crankshaft n, rpm, from minimally stable (about
n=200 rpm) to maximum possible n = 1000 + 50
rpm. The method of pneumatic engine testing to
take the speed characteristics of the pneumatic
engine is described in detail in [1].The whole
experiment comprised four speed characteristics
for intake pressures of the compressed air (being
the subject of the greatest scientific and practical
interest), ps = 0.5; 0.7; 0.9 and 1.1 MPa, at
constant temperature T = 293 K.

Then using the obtained experimental data
we constructed the dependences graphs of the
efficient power N, kW, on the rotational speed
of the shaftn, rpm and determined the maxima of
the functions N, (n) —the modes of the indicated
power of the pneumatic engine for the
corresponding pressure level ps at the
temperature T;, corresponding to the ambient
temperature T, .= 293 K.

The operating fluid energy loss in the intake
system of the pneumatic engine was determined
only for these four modes N.™™ mentioned
above (being of exceptional interest).

Results of the Computational and
Experimental Study and Their Analysis
Using the Exergy Method

The main results of this experimental and
computational study are presented in Table 2

and fig. 1. They are the results of the second
stage of the study, the starting points for which
are the results of the first stage devoted to the
determining the operating fluid energy loss at
the very beginning of the working chamber of
the pneumatic engine— in the spool-type air
distributor due to leakage of incoming
compressed air D,,,,, kKW [7].

Thus the starting point for the second stage
of the study is the level of exergy of the
operating fluid enthalpy at the beginning of the
intake process equal to the enthalpy exergy of
Es, kW, supplied to the engine, minus the energy
loss for leakage.

Ey=Es— Dy, KW. (1

After that we defined the level of exergy of
the operating fluid enthalpy at the end of the
intake, i.e. at the end of the filling process, Eyan,
kW, that was dependant on the thermodynamic
parameters of the air condition at that moment,
primarily on its pressure py,; and temperature
T, Har-

It should be noted that there is an operating
fluid pressure drop in the intake system chamber
due to available inconvertibilities: throttling in
the test port, hydraulic loss along the intake port
as a result of fluid friction, swirls and other gas-
dynamic phenomena.

The analysis of the obtained indicator
diagrams during the engine test rigs allowed to
determine the cylinder pressure values while
filling. Table 2 shows the pressure values in the
working chamber at various levels of
compressed air intake pressure ps for maximum
power modes according to speed characteristics.
The thermodynamic parameters (enthalpy and
entropy) were determined according to the level
of air pressure and temperatureusing tables [8].
The performance was calculated as the specific
enthalpy exergy ey, klJ/kg, and the mass for the
gas flow Eyan, kKW.

It should be noted thatchangingtemperature
of the operating fluid while filling provided that
the compressed air is supplied into the engine at
ambient temperature 7= T,. = 293 K may be
neglectedon the basis of little heat exchange
with the environment due to the absence of
temperature difference and extremely short
filling process (milliseconds), absence of
expansion and contraction processes, and
present throttling process occurred with a
constant gas enthalpycan cause as known [10] a
Joule-Thompson effect not exceeding the
temperature drop by more than 1 K, i. e., within
the accuracy of temperature measuring.
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All this allows us to calculate the exergy of
the operating fluid enthalpy at the end of the
filling process according to its pressurepy.,, MPa
and temperature Ty, = To.= 293 K taking into
account known dependences[2 u 5]:

— specific exergy

eHan:(hHan - ho.c.) - To.c.(SHarl - So.c)a kJ/kg (2)
— air flow at the end of the filling process

Euan = Gnone3'eHarla kW, (3)
where Guoes= G — Gy, kg/s — mass second
compressed airflowefficiently used; G, kg/s —
compressed air flow supplied into the pneumatic

engine; Gy, kg/s —experimentally found mass
yr

flow of compressed air for leakage inthe given
pneumatic engine, depending on its parameters
at the intake; Ay, ho., kJ/kg —air specific
enthalpy respectively for the given pressure pyan
and temperature T, and for ambient
parameters po. and T, 7To,., K— ambient
temperature; Sqan, Soc; kJ/(kg K) —air specific
entropy respectively in terms of pyay, Tyan and in
terms of p,.and T,

The exergy loss of the operating fluid
enthalpy in the intake system is equal to the
difference in its exergy levels at the beginning
and at the end of the process

DBI‘[ = EBn_ EHarla KW (4)

Table 2 — Experimental data on the heat loss of the operating fluid in the intake system of the piston pneumatic
engine during its operation according to speed characteristics p; = idem and constant intaketemperature of

compressed air 7,= 293 K at maximum power modes N, , according to [1]

NameofValue Npta- Dimen- Pressure P, MPa
tion sion 0.5 0.7 0.9 1.1

Supplied (spent) amount of compressed air G Kg/s 0.0339 | 0.0656 | 0.1000 |0.1583
Supplied (spent) thermal energy of the operating H KW 9.91 19.17 29.17 | 46.08
fluid in the form of its enthalpy H=G"h % 100 100 100 100
Supplied (spent) operative heat energy — E; KW 4.59 10.69 18.77 | 31.72
enthalpy energy % of E 100 100 100 100
The content of non-operative heat - enthalpy By KW 5.32 8.48 10.36 | 14.36
energy in the supplied heat (in the compressed % of Hj 53.7 44.2 35.5 31.2
air enthalpy)
Efficient consumption of compressed air Grones Kg/s 0.0324 | 0.0577 | 0.0860 |0.1396
Gnone3 = G — GyT
Specific enthalpy of compressed air under the hy kJ/xg 292.3 292.4 291.3 | 290.0
conditions at the intake of the pneumatic engine
The specific entropy of compressed air under S kl/kg'K | 6.382 6.288 6.213 | 6.156
the conditions at the intake of the pneumatic
engine
Air specific enthalpy according to Ao kJ/xg 293.2 293.2 293.2 | 2932
environmental conditions
Air specific entropy according to environmental Soc. kl/kg'K | 6.847 6.847 6.847 | 6.847
conditions
Specific exergy of air enthalpy under the terms €s kJ/xg 135.4 163.0 187.7 | 200.3
of pneumatic engine intake
The pressure in the working chamber at the end P, MlIla 0.395 0.495 0.580 | 0.640
of the filling process (intake)
The specific exergy of the operating fluid €1ran kJ/xg 116.5 135.3 150.7 | 155.6
enthalpy at the end of filling
The exergy of the operating fluid enthalpy at the Eu KW 4.38 9.40 16.14 | 27.98
beginning of the intake Ey=E; — D,,,, KW % of E, 95.4 87.9 86.0 88.2
The specific exergy of the operating fluid €1ran kJ/xg 116.5 135.3 150.7 | 155.6
enthalpy at the end of the filling process
The exergy of the operating fluid enthalpy at the Eian KW 3.77 7.80 21.95 | 21.72
end of filling Eun=Grones” €xamy KW %of E; | 82.1 73.0 69.0 68.2
Exergy loss of the operating fluid enthalpy in Dy, KW 13.3 15.0 16.9 19.7
the intake system Dy =FE—E\an, KW %of E; | 116.5 135.3 150.7 | 155.6
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Fig.1. Diagrams of absolute D,,, kW, and
relative Dy, % changes from Es, exergy loss of
the operating fluid enthalpy due to reducing gas-
dynamic loss of the pressure in the intake
system during the filling while operating the
pneumaticengine at maximum power N, with
speed characteristics dependant on the level of
pressure ps, MPa

Fig. 1 represents the increase of the energy
loss of the operating fluid in the form of its
enthalpy exergy loss in proportion to the
increase of the supplied compressed air pressure
at the engine intake ps not linearly, but by some
increasing intensity. This is quite logical and is
explained by the fact that with an increase in the
pressure ps of the crankshaft rotational speed n,
at which the maximum power N.is achieved,
and shifted towards higher frequencies.
Definitely this issue, first, I eads to increasing
the hydraulic resistance in the intake and
exhaust air ports.

Conclusion

A technique for applying the well-known
exergy method to determine the energy loss of
the operating fluid of the piston pneumatic
engine in the intake system with intake
operating pressures p,= 0.5-1.1 MPa at the
modes of the maximum possible efficient power
N.™ at given pressure levels ps according to
speed characteristics ps=idem withintake
constant temperature T=293 K has been
developed.

The scientific significance of this work is the
development of a technique for applying the
well-known exergy method to determining the
energy loss of the operating fluid of the piston
pneumatic engine in the intake system.

The practical and scientific significance of
this work is the following: for a particular type
of piston automobile pneumatic engine with a
spool-type air distribution the level and patterns
of changes in the energy loss of the operating
fluid in the form of the enthalpy exergy loss in
the intake system depending on the compressed
air supplied pressure at the intake in the most
important operating range of p;, = 0.5 — 1.1 MPa
at constant air temperature equal to ambient
temperature 7, = T,~ 293K have been
determined.

The level of energy loss of the operating
fluid (compressed air) in the form of its enthalpy
exergy loss in the intake system of a four-
cylinder piston pneumatic engine while its
operating with various intake pressures are: with
intake pressure p, = 0.5 MPa is 13.3 kW
(116.5 % of E,), with intake pressure p, =
0.7 MPa is 15.0 kW (135.3 % of E;), with intake
pressure p; = 0.9 MPa is 16.9 kW (150.7 % of
E,), with intake pressure p,= 1.1 MPa is 19.7 kW
(155.6 % of Ej).
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Po3paxyHkoBo-eKkcliepUMeHTaIbHEe  BU3HAYEHHS
BTPAT eHeprii podouyoro Tijia B cUCTEMi BHYCKY
aBTOMOOUJILHOI0 MOPIIHEBOr0 MHEBMOJABHUIYHA 3
BUKOPHCTAHHAM €KCePreTHYHOr0 MeTOLy

AHoTanis. Po3riasHyTO METONMKY ToJaTKa 3Kce-
PTEeTHYHOr0 METOAY TEPMOAWHAMIYHOTO aHAI3Y IS
BU3HAYEHHS BTpAT €Heprii poOoYoro Tiina B CHUCTEMI
BITYCKYy aBTOMOOUIFHOTO MOPIIHEBOIO ITHEBMOJIBH-
I'YHa 3 BUKOPHCTAHHSIM EKCIIEPUMEHTAIBLHHUX JaHUX
HOro CTEHI0BUX MOTOPHHUX BUIpPOOyBaHb. Bukiasne-
HO aHaJli3 BUKOHAHOTO €KCEPreTHYHOTr0 PO3PaxyHKO-
BO-EKCIIEPUMEHTAILHOTO JJOCHI/PKEHHS 3 OLIHKU Be-
JIMYUH €HEProBTPaT y CHCTEMI BITYCKY IBUTYHA IS
aKTyaJIbHUX PEXHMIB HOro podoTu.

CrBopenuii Ha kadeapi IB3 XHAJLY mns kom-
0iHOBaHOI aBTOMOOLIBHOI CHJIOBOI YCTAaHOBKH 3Pa30K
MIOPILIHEBOIO IMHEBMOJIBUTYHA Ma€ IMoTpedy B YaO-
CKOHAJIIOBaHHI 1 JIOBOAI, OCOOJIMBO BY3JIB 1 CHC-
TEM, TOB'SI3aHMX 31 3MIHCHEHHIM POOOYOro MpOIIeCy.
OpHi€r0 3 TaKUX CHUCTEM € CHCTEMa BITYCKY CTHCHE-
HOT'O MOBITps. J[Jisi MHEBMOIBUTYHa CTHCHEHE TIOBIT-
ps € He TUIBKK POOOYHM TiJIOM, aje W eHeproHOCIiEM
Ul IoTO CUCTeMH BITYcKy. [lo mMoka3HMKIB Impares-
JIATHOCTI ¥ epeKTUBHOCTI, KPIM HaJIHHOCTI W TOBro-
BIYHOCTI CTABUTHCS i MMOKa3HUK PiBHS €HEPreTHYHUX
BTpAT.

O0’€KTOM JOCIIIKEHHS € PO3TJISIHYTUH ITHEBMO-
IBUrYH, cTBopeHuid Ha kadenpi B3 XHAJLY nus-
XOM KOHBEpTallii 0EH3UHOBOTO YOTHUPHUIIITIHAPOBOTO
yoTHpUTakTHOro JIB3.

ExcriepumenTanbHe JOCTIIHKEHHS HPOBOAMIOCS
LUISIXOM J1a0OpaTOPHUX CTEHJOBUX MOTOPHHUX BH-
poOyBaHb ITHEBMOJIBUTYHA 31 3HATTSAM IIBHIKICHUX
XapaKTEePUCTUK 32 YMOBH MiITPUMKH HE3MIHHHX IS
KOXKHOT XapaKTEepUCTUKH JIBOX TEePMOAWHAMIYHHX
rapameTpiB CTUCHEHOT'O TOBITPS HA BXO[i: TUCKY Ps=
idem i temmniepatypu 7,= 293 K. Ha koxxHOMY pexu-
Mi BUNPOOYBaHb PEECTPYBAINCS BCi 30BHILIHI apa-
MeTpHU poOOTH MTHEBMOABHUIYHA ¥ 3HIMAJIUCS 1HIMKA-
TOpPHI JiarpamMu  mepmoro ImwmiHapa. KoxkHa
LIBHJKICHA XapaKTepPUCTHUKA CKIajanacs i3 IIeCTH-
BockMH pexuMiB p,= idem i 7= 293 K = idem 3i
3MIHOIO YacTOTH OOepTaHHs KOJNIHYacTOro Baja
n, 00/XB, Bi MiHIMaJBHO CTi¥kux (Onmu3pko n=200
00/XB) 10 MakcuMaibHO MoxiauBux n = 1000 £ 50
00/xB.
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Crij 3a3HaYUTH, IO B MOPOXKHUHI CHCTEMU BITY-
CKy BiOyBa€ThCs MaiHHSA TUCKY POOOYOro Tijla BHA-
CIIJIOK HE3BOPOTHHMX TMPOIECIB: APOCEIIOBAHHSA B
KOHTPOJILHOMY OTBOPI, TiIPaBIiYHUX BTPAT MO JOB-
JKHMHI BITyCKHOTO KaHaJly BHACJIJIOK TepTsd razy o0
CTIHKH, 3aBUXPEHb W IHIIMX ra30IMHAMIYHUX SIBUIIL.
Brpatu ekceprii eHTasbmii podOYOro Tijia B CUCTEMI
BNYCKY Dy = Epi—FEyan CTAHOBJIATH IS THCKY Ha
BIycky ps=0,5 MIla —13,3 kBT, 11 THCKY Ha BIIyCKY
ps = 0,7 MIla — 15,0 kBT ny1g THCKY Ha BITyCKY p; =
0,9 MIla — 16,9 xBr , ans THCKYy Ha BIOYCKY ps =
1,1 MIla - 19,7 kBr.

KarouoBi cioBa: nopurHeBHif ITHEBMOABHIYH,
cHcTeMa BITYCKY, €HEpreTHYHI BTpAaTH, €KCEprisl eH-
TaNbIIl, PSKUMH MaKCUMAIIbHOI €(pEeKTUBHOI ITOTYXK-
HOCTI.

O. 1. Boponkos, npog., 1.T.H., A.!. XapueHko,
aoil., K.T.H., [. M. HikiTuenko, 1ou., K.T.H.,

€. b. HoBukoga, nou., k.¢p.H., E. B. Tecsienko,
acmipanrt, A. O. Hazapos, acnipant, XHAY

PacueTHo-3KCIIEpUMEHTATIbHOE ONpeaesIeHne
TOTeps JHEPrUH Padoyero Teja B cUcTeMe BIyCKa
aBTOMOOMJILHOI'O MIOPIIHEBOT 0 ITHEBMO/IBUT aTeJIsI

C MCIOJIL30BAHUEM IKCEPTeTHYECKOr0 MeTOo/Ia

AHHoTanus. PaccMoTpeHa MeToJquKa HpUIIOXKe-
HUSI 9KCEPreTHYECKOro METOoa TePMOIMHAMHYECKO-
TO aHaJM3a JUIs ONpeNesieHns TOTeph SHEPTUH pado-
4Yero Tena B CHCTEME BIYCKa aBTOMOOMIBHOTO
TIOPLIHEBOr'O MMHEBMOJBUTATEISI C HMCIONB30BAHUEM
SKCIIEPUMEHTAIBHBIX JIAaHHBIX €ro CTEH/IOBBIX MO-
TOPHBIX UCTBITAaHUH. M3110)KeH aHAIN3 BBITIOTHEHHO-
IO DKCEPreTUYecKOro pacdyeTHO-IKCIIePUMEHTAIb-
HOTO  HCCIENOBaHWS IO  OIECHKE  BEJIMYHMH
SHEPronoTeph B CUCTEME BITyCKa JBUTATENs VIS aK-
TYaJIbHBIX PEXKHMOB €ro PadOTHIL.

Cosznannsiii Ha kadenpe JIBC XHAJLY mis xoM-
OWHHMPOBAaHHOW aBTOMOOWJIBLHOM CHJIOBOW YCTaHOBKH
oOpasel| MOpIIHEBOr0 ITHEBMOJBUTATENS HYKIAeTCs
B COBEPIIIEHCTBOBAHUHU H JOBOJIKE, OCOOCHHO Y3JIOB U
CHCTEM, CBSI3aHHBIX C OCYILIECTBJIEHHEM paboyero
nponecca. OTHON U3 TaKUX CHUCTEM SIBJISETCS CUCTE-
Ma BITyCKa CKaToro Bosayxa. [lns mHeBMomurarerns
CKaTBIM BO3/IYX SIBISIETCS HE TOJIBKO pabOYMM TEIoM,
HO ¥ SHEPrOHOCHUTENEM Ul €ro CHCTeMbI BITycka. K
MoKazaTesiM  paboTocrocoOHOCTH U APQEKTUBHO-

CTH, KPOME HaJCKHOCTH U JOJTOBEYHOCTH OTHOCHUT-
Cs ¥ TTOKA3aTelb YPOBHSI SHEPIC€TUUCCKHUX MTOTEPb.
OOBEKTOM  HCCIIEIOBaHHUS  PacCMaTpUBaEMBbIi
MMHEBMOJIBUTaTE b, CO3MaHHBIA Ha Kadenpe JIBC
XHAJZIY myreM KoHBepTalMu OEH3WHOBOTO YETHI-
peXMIUHAPOBOro YeTrlpextakTHoro JIBC.
DKCHepUMEHTAIFHOE  HCCIE0BaHUE TPOBOJIH-
JIOCh TyTEeM Ja00paTOPHBIX CTEHIOBBIX MOTOPHBIX
WCTIBITAHNH TTHEBMOJIBUTATENS CO CHATHEM CKOPOCT-
HBIX XapaKTePUCTHK IPH YCIOBUU IMOIICPIKAHUS
HEM3MCHHBIX I Ka)XI0M XapaKTePUCTHKH JBYX
TEPMOIUHAMHUCCKHUX MapaMEeTPOB CIKATOrO BO3IyXa
Ha BXOJE: JaBieHHWs ps= idem U TeMmmepaTypsl
T= 293 K. Ha xaxxaoMm pexuMe HUCIBITaHUH peru-
CTPUPOBAJIUCh BCE BHEIIHUE IapaMeTpPhl PaOOTHI
ITHCBMOJIBUTATE/ ISl U CHUMAJUCh HHINKATOPHBIC THa-
rpaMMBbI TIEpBOr0 HWIMHApA. Kaxmas CKOpOCTHas
XapaKTEPUCTHKA COCTOSJIA U3 IIECTH-BOCBMH PEXKH-
MoB p= idem u T;= 293 K = idem ¢ u3MeHeHHEM
YacTOTHI BPALICHUS KOJICHYATOrO Baja N, 00/MHH, OT
MUHHAMAIIBHO YCTOHYHBBIX (0K0110 #=200 00/MUH) 10
MaKCUMAaJIbHO BO3MOXHBIX 72 = 1000 + 50 06/MuH.
Cnenyer OTMETHTh, YTO B IOJIOCTA CHCTEMBI
BIIyCKa TPOMCXOMUT MaJCHUE NIABJICHUSA pabodero
Tela BCIEACTBHE UMEIOLIUX MECTO HEOOPaTUMOCTEH:
JPOCCEITMPOBAHUSA B KOHTPOJIBHOM OTBEPCTHH, TH-
PaBJIMYECKUX MTOTEPh IO JUTHHE BITYCKHOI'O KaHaja B
pe3yapTaTe TPEHWs ra3a O CTCHKH, 3aBUXPCHUH H
MPOYMX ra30IuHaAMHYCCKUX sABJIcHU. [loTepu 3xcep-
THH SHTAJbIIMU PabOYero Tela B CHUCTEME BITyCKa
Dy=FE;i—FEan COCTABIAIOT NJIS1 IaBJICHUS HA BITYCKE
ps=0,5 MIla — 13,3 kBT, ni1s naBjieHus Ha BITyCKe
ps=0,7 MIla — 15,0 kBTt, nns naBjieHus Ha BITyCKe
ps=0,9 MIla — 16,9 kBT1, nns naBjieHus Ha BITyCKE
ps=1,1 MIla— 19,7 kBr.
KiroueBble c10Ba: MOPIIHEBOH MHEBMOJBUIATEINb,
CHUCTEeMa BITYCKa, SHEPIeTUUCCKUE TOTEPHU, IKCEPIHUs
SHTAJIBIINU, PEKUMBI MaKCUMabHOU 3(deKkTuBHON
MOIITHOCTH.

A. U. Boponkos, npod., A.T.H., A.U. Xap4eHnko,
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