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The general ways for solving the both main problems of automotive transport — fuel
efficiency and environmental performance are [1]: 1) the application of non-traditional
motor fuels, including alternative motor fuels (AMF) (include: the most efficient energy
carrier — natural gas (NG); synthetic motor fuels (SMF); biofuels, including biogas (BG);
hydrogen (H2)). The H> can be used both as a highly effective additive to combustible
mixtures and also as a necessary component in the SMF, as well as the main energy carrier;
2) improvement of indicators of working processes of reciprocating internal combustion
engines (RICE) as the part of power plant (PP). But unfortunately, it is well known that one
should not expect a significant improvement in RICE environmental and fuel efficiency
without making structural changes in its design. This requires the development and
implementation of technologies for the conversion of existing gasoline and diesel car
engines, as well as the creation of modern so called «environmental engines». The
application of NG and BG as a perspective motor fuel for transport vehicles allows to reduce
the level of indicators of emissions of harmful substances with the RICE exhaust gas (EG)
flow — products of fuel (as non-renewable energy resources) combustion (CO, CH, NOy,
SOy, etc.). The application of PG and BG instead of gasoline allows you to significantly
reduce the EG toxicity level, which is one of the most important aspects of solving this
environmental problem. Usually essence of solving of the environmental problem consists in
the development of PP with RICE, adapted to AMF for their partial replacement of
traditional petroleum fuels. Studying thermophysical properties of AMF is importantly in the
process of obtaining the results of adapting RICE to AMF. Calculated and experimental
obtained data about the fuels thermophysical properties allows for more accurate
mathematical modeling of RICE working cycle processes, improve of the design and
characteristics of executing devices of RICE fuel supplying systems, characteristics of
indicators, CPU and actuators of RICE electronic control systems. The analysis of modern
scientific and technical literature sources shows that the general trends in relevant
developments of leading and famous foreign companies are focused on improving the
environmental performance of diesel RICE, primarily improving the organization of work
processes as mean of reducing the toxicity of their EG flow indicators and also researching
and improving the physical properties and other indicators of AMF. Abroad, the total
production of PP with gas-fueled RICE is quite well developed and a many of manufacturers
produce RICE that run both on traditional fuel and on BG or NG. It should be noted that in
Ukraine, there is still no mass application of AMF for PP with RICE, therefore the
development of this direction is urgent.

So, it is necessary to solve tasks that allow predicting the thermophysical properties
of various fuels for theoretical and experimental studies related to the specifics of the
application of AMF for transport diesel RICE. The developing of relevant methods allows to
determine such fuel properties in a wide range of physical states (from liquefied gas to
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parameters of combustion or thermal decomposition). But, the results of analysis of known
calculation methods shows that various empirical dependences and model schemes can give
acceptable quantitative results in limited ranges of states. Besides, such calculations require a
considerable volume of initial data on the physical properties of components and their
mixtures. But unfortunately, for application for the liquid phase of AMF as the practically
important area, these methods cannot be used.

Such considerations provides the development of new statistical-mechanical methods
for describing the AMF physical properties, which use a minimum volume of set of initial
data. The carried out studies are devoted to the application of the original modified scheme
of thermodynamic perturbation theory (TPT) [1] to describe the AMF physical properties as
the multicomponent mixtures, namely NG and BG.

The numerical implementation of the mathematical model developed on the basis of
TPT is carried out using a improved computer program for determining thermophysical
properties and phase equilibrium of the liquid and vapor phases of multicomponent AMF,
which also includes a subroutine for calculating properties for homogeneous state — in the
single-phase region. The thermophysical properties of the following components and their
mixtures was calculated in the study: inert gases (He, Ne, Ar, Kr, Xe); nitrogen N2; CO>
carbon dioxide; CO carbon monoxide; hydrogen H2; oxygen O2; water H>O; hydrogen
sulfide H2S; and also marginal hydrocarbons (CHa, C2Hs, C3Hs, N-CsHz1o, i-C4H1o, N-CsHio,
i-CsHi12, CeHi14, C7H1s, CgHig, CoH2o, Ci0H22); benzene CeHe etc. These sets of AMF
component provide, in particular, a description of energy carriers based on hydrogen,
nitrogen — NG, gas condensate, mine gas, and also working bodies of fuel cells of
electrochemical generators and other mixtures.

In the study was obtained the phases equilibrium diagram of liquid-vapor mixtures of
CH4-C2Hs at the indicated temperatures as a set of isotherms. Herewith, comparison with
experimental data allows us to estimate the errors of about 4-5 mol. %. Since there are no
experimental data when approaching the critical points, so the calculated values predict the
phase behavior of AMF mixtures in these areas. It was also obtained by calculation the
values of the molar volume of the hydrocarbon mixture, that mites to the possible
composition of NG or BG, are compared with known experimental data with a good
agreement between the experimental and calculated values.

Thus, in the study analyzed the state of the fuel and energy crisis global problem and
the issues of the pollution of environment by products of combustion of hydrocarbon-based
fuels of transport PP with RICE. To increase the efficiency of application AMF, as one of
the aspects of solving the problem, an original method and results of calculating the phase
equilibrium and thermophysical properties of a wide class of AMF (Hz, NG, BG, mine gas,
coke, blast furnace and synthesis gas, etc.) based on improved mathematical model are
proposed. Calculation procedures are based on the thermodynamic theory of disturbances
without the involvement of empirical parameters. characterized by limitation of initial
information, high accuracy, the possibility of application in any practically important ranges
of states.
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