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Abstract: the article considers the possibilities of diesel engine operation on gaseous fuels, as well as their advantages over standard 

engines. The focus is on the possibility of running effectively the gas-diesel cycle so that it is brought to the processes occurring in the engine 

 with forced ignition as close as possible. The article also discusses the issues related to optimization of the processes occurring in the gas-

diesel engine, which will bring the gas-diesel cycle close to the petrol-running cycle. There are also identified ways to improve the economic 

and environmental performance of the diesel engine. 
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1.Introduction 

Vehicle Internal combustion engines (ICE) mainly use the 

liquid fuels of petroleum origin, which are characterized by 

intensive pollution of the environment, e.g. by existence of a large 

amount of various harmful substances in the exhaust gases. Use of 

alternative fuels is an option to reduce environmental pollution. 

First of all, such fuel is a natural gas (NG), as it’s resource is large 

and at the same time NG is cheap, as unlike a liquid fuel obtained 

from oil, NG does not require significant recycling before use. The 

uniformity of the composition and the absence of contaminating 

substances give the NG fuel a number of positive properties. The 

main components of natural gas are: methane, ethane and butane. 

Methane has the ability to generate greater specific weight heat  

compared to gasoline, although its ability to generate volumetric 

heat is much smaller than that of gasoline or diesel fuels. In 

addition, for combustion of different types of fuels in engines, is 

particularly important not the calorific value of the fuel itself, but 

the ability to generate heat from the Air-Gas working mixtures. It is 

known that the calorific value of the Air-- Methane mixture is 90% 

of the same characteristic of the Air-Gasoline mixture, and 95% in 

the case of Air-Diesel fuel mixture, which should lead to a 

reduction in liter capacity of an ICE in the case of natural gas use. 

The ignition temperature of the Air-Methane fuel mixture exceeds 

180-220 0K compared to the the Air-Gasoline fuel mixture, 

indicating the ability to work with high compression rate, which is 

essential for a diesel engine. 

Due to its physico-chemical properties, NG provides the 

possibility of some expansion of the ignition interval, which, in 

turn, ensures better regulation of the internal combustion engine 

power. When using gas fuels in engines, a Air-Methane mixture is 

more advantageous than Air-Liquid fuel vapor mixture, as the air to 

fuel volumetric ratio is smaller - LO = 9.52 m3 /m 3. Under other 

equal conditions, the smaller the LO, the easier it is to ensure good 

working mixture. It is also important that both components of Air-

NG mixture are in a gaseous state. 

A number of negative properties of NG as an engine fuel 

also should be mentioned: a relatively low combustion speed 

compared to the Air-Liquid fuel mixture; there may be other 

hydrocarbons in natural gas such as: propane, butane, pentane, etc., 

which makes the fuel more prone to detonation. Estimation of 

overall properties of fuel energy presumes determination of the 

quantity of heat which can be obtained in the process of 

transforming into the mechanical work in each cycle of ICE. In this 

regard, the heat of combustion of fuel mixture is also influenced by 

two other factors: a) the effect of fuel properties on the filling 

degree of cylinders and b) the composition of the working mixture 

during which the engine develops nominal power 

One of the most promising workflows for a diesel 

transport engine is the Natural Gas / Diesel dual fuel cycle. The 

NG/Diesel dual fuel process has potential advantages over the spark 

ignition process. It is known that the efficiency of e 

is not less than 0.42-0.44. Both external and internal formation of 

air-fuel mixture are used in the the NG / Diesel cycle. 

External formation of the air – fuel mixture due to its 

simple construction has gained wide application in transport ICEs. 

In this case, the mixer is made in the form of a nozzle built into the 

air tract. Gas is supplied to the mixer at a pressure close to 

atmospheric, in order to exclude both gas leakage into the 

environment and outside air penetration into the intake tract. The 

NG attractive properties for better air-gas mixture formation also 

make it possible for wide application of internal mixing.A particular 

difficulty is the high temperature (650-700OC) of NG self-ignition, 

which significantly exceeds the self-ignition temperature of diesel 

fuel (320-380OC) 

For the maximum approximation to this process, we can 

consider the injection of NG into the cylinder at the end of the 

compression process and ignition of mixture with a small dose of 

the diesel liquid fuel not exceeding 15-20% of total fuel amount. 

That will allow to use a serial diesel engine without changing the 

compression rate. 

Due to the low density and low volumetric heat of 

combustion the cryogenic storage methods are increasingly being 

used for the NG. That requires the development of special System 

for fuel preparation and delivery. Reducing toxic emissions and 

defining promising ways to increase fuel economy and reliability in 

this type of prospective engines also is a very urgent task. 

It is important to implement an external mixing process in the 

diesel engine, which directly determines both the economy of the 

ICE and the importance of environmental parameters in the exhaust. 

During such a cycle, it is important to note that the Air-Gas mixture 

is ignited by a small amount of liquid fuel (explosive quantity) and 

in this case can be used  a) a conventional standard diesel engine 

fuel system that provides engine performance on two types of fuel 

(in such case consumption of liquid fuel can’t be less than those on 

idle and small loads) or b) with a specially designed fuel delivery 

system that provides a minimum of 7-10% supply of combustible 

liquid fuel. In addition, it is difficult to regulate the load of engine, 

as it is difficult to regulate the quality of the air-fuel mixture and it is 

necessary to provide such a fuel supply equipment that convincingly 

provides qualitative regulation of engine load. 

 

 2. Preconditions and means for resolving the  

problem 
The above stated helps us to carry out such a task 

formulation, which allows the conversion of diesel engine into NG / 

Diesel dual fuel engine, particularly a) creation of such high 

effective working process with good ecological characteristics, in 

which the use of diesel fuel is limited and NG is used in all the 

intervals of engine speed and loading b) use biofuel with better 

characteristics in combination with NG instead of diesel. This is 

directly related to the air-fuel mixture formation in the combustion 

chamber from the moment of fuel injection to the ignition of the last 

element of the combustible fuel. These goals include the process of 

macro-distribution of the elementary volumes of fuel in the space 

occupied by the oxidizer, as well as the subsequent micro-mixing, 

i.e. the provision of contact between the molecules of both 

components required for the combustion reaction. 

The air-fuel  mixture formation process can be divided into the 

following stages: 
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1. The introduction of liquid fuel in the form of a jet into the 

Air-NG mixture volume. In this case, the defining parameter is the 

hydrodynamic conditions of the fuel supply system; 

2. The disassembly of the supplied liquid fuel jet into 

separate droplets (foggy condition). The efficiency of this process in 

terms of dispersion and volume distribution depends on both: the 

conditions of the first stage (fuel jet outflow velocity, fuel initial 

concern, physical properties, etc.), as well as environmental 

conditions (degree of Air-Gas mixture turbulence, flow direction 

and physical characteristics); 

3. The steam micro-mixing - the process of liquid fuel 

evaporation and diffusion by the joint heat exchange between the 

diesel fuel and the Air-NG mixture. These processes take place 

mainly in parallel with the combustion and end in the flame zone. 

Although the pre-flame stage directly determines spatial distribution 

of the flame zone, the conditions of its state, and so on, on different 

work regimes of ICE. 

Therefore, the nature of the NG / Diesel dual engine process is 

affected by the proportion of heat injected by the fuel, the pre-

injection angle, and the mixing method. NG / Diesel dual fuel cycle 

is characterized with two peaks of heat emission. The first peak 

corresponds to the combustion process of the combustible liquid 

fuel. By reducing the dose of this fuel and increasing the dose of 

NG, the first peak decreases, while the second increases, and after 

reaching a certain ratio, the first peak may disappear. In this case, if 

an increase in the second peak is achieved, then it is possible to 

reduce the dosed amount of combustible liquid fuel, which will 

positively affect the parameters of the NG / Diesel dual cycle. 

NG / Diesel dual cycle approach to the spark ignition 

cycle will allow us to analyze its advantages when using different 

types of gaseous fuels. An essential condition in the engine is the 

external formation of  Air-NG mixture. It should also be noted that 

in this case the construction of the diesel engine remains 

unchanged, only the gas fuel system is added with minor changes. 

Required gas fueling system is already used in engines with spark 

ignition. 

Let consider the ideal cycles of diesel engine running on standard 

and gaseous fuels, which are shown in PV and TS diagrams in Fig 

1. and Fig. 2: 

 

                 

              Fig. 1. The ideal cycles of diesel on standard fuel                                   Fig. 2. The ideal cycles of diesel on gas fuel 

As can be seen from the figure the construction 

parameters of the engines (Vc, Vh, ε  and air distribution phases) are 

the same. The standard diesel cycle on the PV diagram corresponds 

to the aczz’ba diagram, where the supplied heat is q1 = q1 + q2, 

while the heat dissipated is q2. The NG engine cycle corresponds to 

the ac’z”ba diagram, where the supplied heat is q1 and the 

dissipated heat is q2. 

It is likely that the gas-powered engine diagram may be 

more or less equal to the standard diesel engine diagram space, 

which corresponds to the amount of heat expended in favor, which 

means that at equal conditions η
to

≥ η
td .  

η
to

≥ η
td

 also, if we consider their meaning   η
to

= 1 −
1

εk−1  and  η
td

= 1 −
1

εk−1  
λρk−1

λ−1+kλ ρ−1 
 . From the comparison of the 

formula, it seems clear that they will be equal to each other when 

= 1      𝑣𝑧′ = 𝑣𝑧 = 𝑣𝑐  , then η
to

= η
td

.   

If  𝑣𝑧 ′ > 𝑣𝑧  , then under conditions of constant pressure 

on the 𝑧 − 𝑧′ line, an increase in heat losses occurs, which is 

transmitted to the cooling environment due to an increase in the 

volume.  Also noteworthy is the fact, that the standard diesel engine 

uses more heat to evaporate the fuel during Air – Fuel mixture  

formation than in case of  Air -NG mixture as the amount of 

injected liquid fuel here is considerably less. Reduction of the 

meaning of the point 𝐶 ′ is also important in NG / Diesel dual cycle 

engines. Decreased density of the Air-Fuel mixture leads to the 

reduction of the pressure at the end of the compression, as the 

volume of the Air-NG mixture is greater than in case of liquid fuel. 

besides, the heat dissipation during formation of Air-NG mixture is 

reduced, which can lead to a heat compensation of about 80-90%. It 

can also be noted that if the supercharging is to be carried out, then 

a complete compensation of power of the NG / Diesel dual cycle is 

possible. The efficiency of engine operation can also be assessed by 

the coefficients: 
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In this case values of θ’ and  π’ are important, as  high values of 

these coefficients provide more perfect work of ICE.  

3. Conclusion 

Therefore, natural gas, both liquified and gaseous, is a 

clean, safe, economical, and practical fuel that meets existing and 

planned regulations and requirements for internal combustion 

engines: it can significantly reduce solid particles (C) and 
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greenhouse gases (CO2); emission of Sulphur oxides as well as 

solid particles is almost at zero level. Unlike liquid petroleum fuel, 

liquefied NG technologies lead to the 90% less emission of nitrogen 

oxides (NOx), 20-25% less emission of carbon dioxide (CO2). At 

the same time content of other harmful substances in the form of 

CO and CH is also very low. 
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