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Summary

The thesis is dedicated to study of peculiarities of modern, high-speed Diesel
engine operation under rarified free air conditions peculiar to Alpine conditions and to
improvement of its specifications.

The analysis carried out in this direction by researchers of different countries has
shown that change of parameters of surrounding free air influences on operation of all
types of internal combustion engines and degree of influence greatly depends on the
type of the engine as well as on the type of mixing, air provision principle scheme and
many other factors. It is also stated that the great part of the last published scientific
works are dedicated to study of a modern Diesel engine forced with turbo-
supercharging. At the same time traditional, high-speed Diesel engines with free
filling and perfect for using air charge which still have absolute majority, are more
sensitive to the change of pressure and temperature of the surrounding air.

As a result of the analysis carried out before were formed research problems
envisaging the study of working process of high-speed Diesel engines with free filling
during operation at different altitudes above sea-level and the study and improvement
of measures to increase ecological, economical and power indices under these
conditions. As a subject of inquiry was chosen a six-cylinder engine with piston move
and cylinder diameter — 120mm with rated power -114kW at rotational speed of the
crankshaft made in the Kutaisi Automobile Plant, Georgia.

The main method of research is an experimental research of the engine operation
under different air conditions. For analysis of the process taking place in the engine
and for quantitative estimation of the change of parameters characteristic for the
working process and for generalization of regularity of the change were used
theoretical account methods of the analysis and mathematical modeling of the process
taking place in the engine.

Experimental part of the research was done at the Institute of Machine Mechanics
on the specially made altitude imitation stand equipped with modern measuring
instruments that give possibility to fix pressures with high accuracy at the engine
inlet, in the outlet system and in the inner space of the case at different atitudes above
sea-level. Temperature of the air, passing the engine was controlled at desired level as
well. From air pressures of the engine at 700, 1500, 2500 and 3500mm above sea-
level were removed load and velocity characteristics, correspondingly were measured
different parameters at the inlet and outlet of the engine aswell asinits cylinder.

Mathematical models of change of the gas exchange process in the engine, of the
self-ignition process in the cylinder and of the combustion process are made up and
improved, with the help of which is calculated and analyzed the change of
thermodynamic parameters of engine operation at different altitudes above sea-level.
Experimental data are generalized and influence of Alpine conditions on delay period
of fuel self-ignition is defined more exactly for this type of the engine. For calculation
of this period is given arefinement formula.
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By means of calculation and experimental methods worked out by us on definition
of characteristic parameters of combustion process in the engine cylinder is stated
regularity of change of these parameters at operation in altitude conditions and is
given more accurate definition of meanings of empiric coefficients necessary for
mathematical modeling of the combustion process.

As a result of experimental research of the high-speed Diesel engine with free
filling is stated peculiarity of engine operation process and influence of Alpine
conditions on its ecological, economica and power indices. It is stated that for sharp
decrease of the excess air coefficient and increase of ignition delay period is
worsening the heat release process in the engine cylinder. In active phase of
combustion greatly increases combustion rate and correspondingly — degree of
increase of pressure, but the heat release process is worsening on the whole.
Developed power is reducing, increases specific fuel consumption, temperature of
exhausted gases and smoke of the engine. In Alpine conditions drop level of engine
effective indices is stipulated by given speed and initial meanings of the air excess
coefficient on loading regimes at operation on zero dtitude. .

It is established that increase of altitude above sea-level is followed by decrease of
engine mechanical losses that makes from its side partial compensation of effective
power drop.

Theoretically are analyzed and experimentally proved methods of compensation of
the engine lost power in Alpine conditions and improvement of the method of engine
ecological indices.

It is shown that engine operation in Alpine conditions with correction of fuel
supply and optimal values of the air excess coefficient has possible smoke and fuel
rate but power drop is much more than constant control of fuel supplying piston and
correspondingly the above mentioned method sometimes is unacceptable.

By analysis of the given results it is stated that up today the idea of expediency of
increase of the angle of advance of fuel spraying with increase of altitude above sea-
level for engines with free filling is not quite right for engines with modern volume-
film mixing: change of the angle of advance of the given engine at operation on
different altitudes caused only unimportant improvement of engine characteristics
under separate operational conditions.

It is more effective in Alpine conditions, namely by use of turbo-charging in these
conditions, forced compensation method of lost power. For a prototype engine was
selected the turbo-supercharging unit, which with its constructive and
thermodynamic parameters greatly differs from the turbo-compressor destined for
forcing of the same engine in normal air conditions. Bench and experimental testing
of the engine operating with supercharging unit has shown great improvement of
exploitation indices in Alpine conditions. Namely, at 1500-2000mm above sea-level
are practically preserved power, economy and ecology indices of the engine. In
comparison with operational indices in normal air conditions the above mentioned
parameters are a bit worsen according to maximum turning moment and in lower
speed conditions. But on the whole the engine equipped with an atitude turbo-



compressor has higher exploitation indices at operation in Alpine conditions than a
plant compl ete engine without it.
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