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Xiilasa

Magqaladas asas diqqgst daxili yanma miiharriklari sisteminin istilik balansina, istilik enerjisinin yiiklonmasi va
onu azaldilmasi tsullarina yonsldilib. Mitharrikin masul detallarinin enerji yiiklonmasine tosir gdstoran amillar:
istilik miibadilosi proseslorindo istirak edon donuq vo cilalanmig sothlorin saholorinin nisbati, detallarda metalin
torkibi vo onlarin materiallarinin istilik kegiriciliyi omsallarina diqqet yetirilib. Cox qatli miiqavimoat sistemindo
istilik 6tiirmo omsalinin tosiri, bagqa sozlo: istilik tutumu, istilik kegiriciliyi vo istilik 6tiirilmesi miioyyon edilib.
Miiharrikin enerji rejiminin se¢imi detallarin istilik méhkomliyi prosesinin optimal yerino yetirilmosi sortlori ilo
miioyyon olunub vo buna goéros do miihorrikin hom qizmasi, hom do hoddinden artiq soyumasi digqet merkozindo
olmalidir.
Acar sozlor: daxili yanma miihorriki, mithorriklor sistemi, miiqavimati, istilik tutumu, istilik ke¢iriciliyi, istilik

otiirtilmasi.
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AHHOTALIAA

OCHOBHOE BHUMAaHHE B CTaThe YJENSCTCS TEIUIOBOMY OajaHCy CHUCTEM JIBUTATENICH BHYTPEHHErO CTOpaHUs,
3arpy3ke TEIUIOBOW HEPTrUU U CIOCO0AM €€ CHIDKCHHS. BhIneleHbl (aKTOpbI, BIMSIONINEC HAa JHEPTECTHUCCKYIO
Harpy3Ky OTBETCTBEHHBIX JieTallell IBUraTells: COOTHOUICHHE TUIOMIA/Ie MAaTOBBIX U MOJUPOBAHHBIX MOBEPXHOCTEH,
MPUHUMAKIIUX Yy4acTHE B IPOIECCaxX TEIUIOOOMEHA, COJCpKAHWE MeTalyla B JeTalsaX Hu KO3(QHUIIUEHTHI
TCIUIONPOBOIHOCTA MX MAaTEPHAJOB. YCTAHABIMBACTCS BIHMSIHHC KOA(PDHUIMEHTA TEIUIONepeayd B MHOTOCIOWHON
CHCTEME COIPOTHBIICHUS: TEIIOEMKOCTh, TEIUIONPOBOJHOCTD M TEILIONepenadya. BriOop sHEpreTHUeckoro pexxnma
JIBUTATEIS JUKTYETCS YCIOBHSAMH ONTUMAIFHOTO BBIITOJHEHHUS pabodero mporecca TEIIOBOH MPOYHOCTH IeTallel, 1
MTO3TOMY HE0OX0ANMO N30eraTh KaK IeperpeBa, Tak 1 MepeoXIIaKICHAS ABUTATEIIS.
KiroueBble cjioBa:  [BUTATENb BHYTPEHHETO CTOpaHHS, CHCTEMBI IBHUTATelNe, CONPOTUBIICHHE, TEIIOEMKOCTb,

TEIUIONPOBOAHOCTD, TEIIONEepeaaya.
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Introduction

The problems of modern piston engine
construction depend on: increased engine
power and speed; quality of combustible
and multilayering, taking into
account toxicity and harmful emissions; start-
up (diesel) and fuel injection systems;
mechanical and thermal stress reduction.

Work is under way to improve the
performance of internal combustion engines
and their systems: fuel feed, combustion,
lubrication, air supply and cooling.

mixtures

Analysis of literary sources and the state of

the problem
The processes, phenomena and effects
observed in internal combustion engine

systems are interrelated and occur in a strict
sequence.

It follows from the analysis of the
operating principle of internal combustion
engines [ 1-5] that the mechanical movement of
its components is to a large extent determined
by the kinematics of the crank mechanism, the
mechanics of the fluid movement in the
channels, and also by the more complex forms
of motion: chemical and thermal motion, i.e.,
processes of heat extraction and transmission
to the working body in the engine cylinder.
Thermodynamic and heat transfer [6-8] is an
important system in the engine

The nature of the processes in this
system has a decisive influence on the
processes in the mechanical and hydraulic
circuits, and thus on the operation of the
engine as a whole.

Thermodynamics determine the amount
of heat (Q), the parameters of the gas
(temperature, pressure and specific volume)
and the specific heat flux (q). Heat transfer
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includes free and forced convective heat
exchange, as well as conductive and radiation
heat exchange. The main methods used are
heat  conductivity and heat transfer
coefficients, leaving aside the heat transfer
coefficient. Moreover, researchers [8-12] do
not pay attention to the thermal resistance of
heat exchange types and gas-liquid boundary
layers.

Problem Statement

The mechanical and thermal perfor-
mance of the engine should be addressed. The
main issues of the article are: thermal balance
and energy load of engine parts, ways to
reduce the energy load of engine systems.

The objective of the work
Improvement of mechanical and thermal
loading of main engine parts.

Engine heat balance

According to the ideal heat message
cycle at V' = const and its equivalent Carnot
cycle, a formula for thermal efficiency is
obtained:

T -T,

— 1 2 _
Ny ===

T (1)

where 7; and T, - the equivalent average tem-
peratures at which the ideal gas is conducted
and separated from it heat Q; and Q..

Since temperatures 7; and 75 are almost
always limited, thermal efficiency cannot be
equal to one, that is, only a fraction of the heat
input Q; can be used for mechanical work.

This provision is one of the
manifestations of the second law of
thermodynamics.
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Figure 1 — Schemes: partial (a) and complete (b)
thermal balance of the engine: Q;, Q, — heat supplied
and removed from the ideal gas; L= Q; - Q, -
mechanical work;

Qo(I) — heat obtained from the combustion of the fuel

injected into the engine cylinder; Q(II) is the heat
equivalent to the engine’s tracer performance; Q.(III) is
the heat equivalent to the efficient operation of the
engine; Qcr(IV) is the heat transferred to the walls
limiting the internal volume; Qux;(V) is the heat given
to the cooling medium; Qs(VI) is the total heat
contained in the exhaust gases; Qu(VIl) is the heat
equivalent to the friction work and the drive of the
auxiliary mechanisms; Qrp(VIII) is the heat transmitted
to the cooling medium by the friction of the piston and
the rings; Onc(1X) is the part of the heat of the fuel lost
due to the chemical incompleteness of the combustion;
QOocr(X) - residual heat; Q,(XI) - corresponding to the
kinetic energy of the exhaust gases; Q;(XII) - the heat
lost due to radiation by polished and matte surfaces;
Opn(XII) is the heat released by the exhaust gases into
the cooled system in the exhaust pipe; Qr(XIV) - the
heat transferred from the exhaust engine.
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In the engine thermal balance diagram
(Fig. 1.b), heat Q> is the loss of heat to a cold

source caused by the second law of
thermodynamics.
Q= (1—-n7) Q1 2)

This loss can be reduced in principle
according to the thermal efficiency equation of
the Carnot cycle, only by a decrease in

7
temperature —— .

1

The analysis of the components of the
engine heat balance showed the following:

— Chemical - I, VI, IX, XI, XIII and XIV;

— Turning heat into work - II, III and VII;

— Different types of heat exchange of parts
with surrounding medium IV, V, VI, VIII, IX,
X, X1, XII.

Let’s focus on the latter as they relate to
the energy load of the engine parts. The
modern trend in the development of high-
speed engines is characterized by the desire to
speed them according to speed mode and
average effective pressure. This direction of
development leads to an increase in mecha-
nical and thermal loads. The latter mainly
determine the limit of engine acceleration.

The thermal tension of the engine
characterizes the level of energy loading of the
main parts of the engine and determines the
thermal load for the materials used, which is
allowed by the strength conditions of the
applied materials. Thermal tension also
characterizes the working conditions of fric-
tion pairs.

The furnaces of the cylinder block head
and the piston, whose temperature fields are
very uneven in different zones, are under the
most difficult conditions of energy con-
sumption. The surface temperature of these
parts, and especially the piston, significantly
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affects the engine operating conditions and
reliability. Overheating of the piston, if the
adjoining parts are not sufficiently well
lubricated, causes rings coking, obstruction of
the working surface of the piston and casing,
and other defects. Due to the uneven field of
temperatures in the bottom of the piston and
the head, they are deformed and the degree of
thermal tension in the zones with different
temperature gradients differs, resulting in
microfractures and burning at the specified
locations.

The optimum conditions for the
energetic loading of the forced engine are
determined by the rational design of the heat-
absorbing parts, the cooling cavities and the
parameters of the units of the cooling system.

The correct ratio between the amount of
heat transferred to the engine cooling medium
and the amount removed from the exhaust
cylinder is also important. Especially in the
case of gas turbine inflation, the rational
distribution of the heat is conducive to
increased heat and hence the
acceleration of the engine.

Therefore, the study of the factors
influencing thermal tension is important for its
reliable operation.

In an internal combustion engine, the
heat stress of the main components is
determined by the size and nature of the heat
fluxes.

use to

The structural complexity of the parts,
the difference in the conditions for the forced
cooling of the surfaces of the parts, the
heterogeneity of the thermodynamic para-
meters of the working medium according to
the volume of the combustion chamber result
in the conditions for the heat transfer of the
surfaces of the parts limiting the internal
volume, are uneven.

22

As a result, heat flows through different
parts of the heat transfer surface differ. During
the cycle, the heat transfer surface changes.

The above-mentioned and other factors
associated with the course of individual stages
of the cycle (swirling gas flow, hydrodynamic
processes during intake and discharge, changes
in the state of the working body during
combustion, etc.) significantly influence the
nature of the heat fluxes.

Specific heat flux in W/m?:

0

“F )

q

where Q is the amount of heat passing through
the explored surface of the component, W; F is
the surface area considered, m.

Heat flux and engine are highly unsteady

(fig. 2).
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Figure 2 — Nature of specific heat flux change from the
working body to the bottom of the head of the diesel
cylinder block: n=2100 min™; P, = 0.175 MPa; air
abundance coefficient 0=1.55; heat flux qw = 64.0-10°
W/m? at o, = 950 W/(m*°C)

Figure 3 shows the bottom temperature
of the YMZ-238 piston. The temperature field
relative to the cylinder is almost
symmetrical. Studies have shown a significant

axis

influence on 7, of the heads and pistons of the
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change in the angle of advance of fuel

(1)

injection.

Figure 3 — Temperature distribution (°C) by piston
surfaces YMZ-238 diesel engine

As the angle increases, the temperatures
in all the zones studied rise. If you increase
from 20 to 40° in individual zones, the head
increases linearly by about 70° and the piston
by 60°.

In zone I the maximum temperature
gradient was 260-120=140 °C, in zone III -
240-120=120 °C, and in zone II - only 300-
260=40 °C.

In the heat absorbing aluminium-based
gasoline engine parts, the temperatures in
various zones are lower than in diesel.
According to ZIL, the temperature of the base
of the aluminium head of the unit which does
not have the scale crust is 150 °C in the plane
of adjoining the head to the block of cylinders

in the maximum power mode (V, 110

kW), n = 3200 min™ at the temperature of the

coolant?, =90 °C, and the boss opening for

attaching the head to the block is 170°C. If you
have a large amount of scale crust compared to
the head, not having scale at the boss openings
the temperature increases to 50 °C.

23

Increased thermal stresses in the bottom
of the piston of gasoline engines occur during
abnormal detonation combustion or potassium
ignition.

In diesel due to the relatively longer
duration of the combustion process, the heat is
partially transmitted by radiation. In this case,
the heat is transferred less to the sides of the
cylinder casing, and more to the bottom of the
piston and the head.

Compared to the carburetor engine, a
higher heat flow passes through the above-
mentioned surfaces and especially through the
bottom of the piston. This is also facilitated by
the higher density of charge in diesel due to
higher compression and pressure.

Studies have shown that heat transfer by
radiation significantly influences the thermal
stress of individual areas of the heat-absorbing
surfaces of the engine. This particularly
applies to the conditions for the transfer of
heat in the central zone of the head of the
diesel engine and for the transfer of heat by the
edges of the piston thereof.

Ways to reduce the energy load on parts of
internal combustion engines

Of the factors influencing the energy
supply of the responsible parts of the engine,
the following are of great influence:
- the ratio of areas of matte and polished
parts;
the metal content of the parts and the
heat conductivity factors of their materials;

with  their physico-

- nano-liquids
chemical properties.

With the surfaces (matte and polished)
of the metallic elements of the engines, the
heat output is carried out by radiating the

evaporating heat carrier.
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According to the Stefan-Boltzmann Law
[6], the coefficient of heat transfer by radiating
is determined by the expression:

o) (i)

Ly
where C;; is the coefficient of radiance, fy,

Lo

100

Iy

100

(4)

lo

I, the temperatures of the surface of the parts

and the environment.

Air, gas and liquid act as the ambient
medium.

It has been established that the ratio of
the radiation coefficients of matte (Cj,) and
polished (Cy;) surfaces should be equal to the
ratio of the area of cooled Fp and heated Fy
surfaces of engines with air and liquid cooling
of their parts. The ratio is as follows:

CH FH ,

When the ratio C,, /C,=3,3 for
engines with air F, / F,, =3,2 and liquid

F,/ F,; =3,0 cooling, in most general case

the heat is transferred to the surface of the
components of the engine cooling system via a
boundary layer, which first absorbs a part of
the heat, as it has a thermal capacity, i.e., heat-
absorbent resistance

R.=c"-p'-0, (6)

r . . .
where C O is the heat-carrying capacity and
density of the heat-transfer agent;

O is the thickness of the boundary layer
and, secondly, lowers (puts out) the heat flow,
which at the same time has thermal resistance
to heat transfer.
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The presence of a layer at the surface of
the body which simultaneously exhibits
resistance of heat-intensive and thermal heat
transfer leads to a scheme of a two-layer body
at which a boundary condition of the type IV
occurs.

With this the boundary layer has:
the thermal resistance of the heat
transfer and the heat-absorbent resistance

equals zero R. =0;

the thermal resistance of the heat

) 1
transfer is zero @, =0;
thermal resistance of heat transfer

(@' >0; R.=0)

and  heat-absorbent

resistance (R > 0; 05,._1 =0) i.e. consists of
two parts and is combined.

The framework of the internal heat tank
of the engine (Fig. 1 a) consists of longitudinal
and transverse elements of different thickness.
The latter forms the thermal resistance of

thermal conductivity (ratio of thickness 0 to
coefficient of thermal conductivity A). The
coefficient of thermal conductivity remained
constant in all cases.

When the thickness of one of the
elements of the thermal balance framework
(Fig. 1 b) is increased by 2.00-4.00 mm, the
thermal resistance of the thermal conductivity
is increased by 2-4 times.

When the walls of the frame are washed
on one side by gas and on the other side by
liquid, the coefficient of heat transfer is:

s oa (8/Y, -
K3:a11+(%j +a;,

where @', @,' are the thermal resistance

(7

coefficients of the heat transfer with different
media.
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Dependence (7) implies that an increase
in thermal coefficients of heat transfer and
heat conductivity can increase the coefficient
of heat transfer by 15-20%.

Conclusion

An important function of engine building
is to organize efficient heat transfer from
engine elements such as piston, cylinder head
and mirror. The following has been done:

- linear relationships between resis-
tance (heat-capacitance, thermal conductivity
and heat\transfer) and the thickness of
boundary layers have been established;

- the coefficient of heat transfer is a
fictitious parameter which significantly affects
the value of the heat flow;

- the application of heat
coefficients in the calculations.

transfer

An alternative method of increasing the
heat transfer coefficient is the use of the
predicted bubble boiling in the cylinder head
coolant jacket. In bubble boiling, the heat
transfer coefficient is much higher than in
single-phase convection and increases with the
wall temperature. Bubble boiling occurs in the
most heated zones, which makes it possible to
achieve a more distribution  of
temperatures in the part and to reduce heat

cven

voltages. It shall not be possible to switch to
volumetric or film boiling regimes, which are
extraordinary and may lead to an emergency.
The presence of stall zones of cooled liquids,
especially when located in areas of high
thermal fluxes, can contribute to the
appearance of film-like boiling.

In recent years, a number of new, non-
traditional designs, axial piston engines [12]
have been proposed, which are largely free of
the mentioned disadvantages and combine the
advantages as engines with crankshaft
mechanisms (possibility of use of high
compression degrees, simplicity of structural
forms of the main elements) as well as of
shaftless engines (absence of crankshaft,
connecting rods, parts performing complex
flat-parallel motion), including free-piston
engines.

The main and essential difference of the
proposed schemes of axial piston engines is
the possibility of converting reciprocating
motion into rotational motion by the piston. It
is this fact that informs such engines of a
number of important qualities: good economy,
complete equilibrium (in designs with
opposing pistons as well as with oppositely
positioned cylinders) and significantly better
specific capacity and mass dimensions.
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