
Introduction

Reciprocating internal combustion engines, in spite of
new technology such as fuel cells, are still the most popular
sources of power for a wide range of machinery and vehicles.

One area of application is their use in mines or fields of
biomass, where the fuel is methane.

Methane deposits in Poland, as well as around the
world, are diverse in terms of chemical composition, which
may indicate a lack of direct use and the need to adjust the
engine design to the type of fuel or a change in control of
its work. For example, for abandoned mines methane
(AMM), the content of methane is 60 to 80% and nitrogen
content ranges 5 to 32%, so for coal bed methane (CBM)
the content of methane can reach 90-98% with a low
amount of nitrogen (20%) [1]. 

The source of origin also affects the physical and chem-
ical properties that determine the characteristics of energy
by various calorific values of 20 to 50 MJ/m3 [2, 3].

In addition, the gas extracted from the mine must be
treated in the methane installation, which makes that about
20 to 40% of the residual gases recovered. According to the
Ministry of Economy [1, 4-6] 640 million m3 of methane is
emitted directly into the atmosphere through the ventilation
system of the mine. In this way, in addition, methane
enhances the greenhouse effect. According to [1], methane
in the atmosphere raises warm climate 21 times more than
carbon dioxide. It is, therefore, necessary to address the
problem of methane energy utilization, especially because
of the amount it will increase due to the mining of coal with
lower and lower decks, accompanied by methane. In 2012,
we extracted 50% more methane than in 2001 [6, 7].

The most common form of use of mine methane gas is
to use it to power internal combustion engines, which are an
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important element of co-generation or tri-generation units
[4-6, 8, 9].

The size and weight of these units encourages us to take
action to apply downsizing technology, the idea of which is
to reduce the engine sweep volume while keeping the
power and reducing fuel consumption.

The downsizing treatment is accompanied by changes
in the combustion process and the different mechanical and
thermal loads that have to be identified.

If, therefore, the engine downsizing connects to fuel with
different composition and properties, and especially with the
low content of methane, there is a research problem outlined
in this paper. When modeling the thermodynamic parame-
ters and operating indicators have been described for states
before and after downsizing, it shows the possibility of its
application, and it fuels the mixture getting different calorif-
ic values as well as different methane content.

Combustion Engine Downsizing 

Downsizing in relation to the internal combustion
engine is a reduction in swept volume while keeping or
increasing engine power as well as reducing fuel consump-
tion.

Thermodynamics of the engine cycle giving thermal
and mechanical loads of engine components are closely
related to the cylinder diameter and the piston stroke [11-
14] – indicators determining the downsizing factor Wd [15].

Wd = 1 – AB2

...where: 
A – ratio of piston strokes after:before downsizing
B – ratio of cylinder diameters after:before downsizing

Downsizing can be implemented in three variants: the
reduced stroke (Wd = 1 – A), the reduced diameter (Wd =
1 – B2), and mixed (Wd = 1 – AB2) – Fig. 1.

The Test Results

The study was divided into two stages. The aim of the
first was to demonstrate the applicability of mixed down-

sizing (Fig. 1) with factor by 0.3. During the same phase
the engine was fed with methane instead of gasoline. The
second phase of the study consisted in the assessment of
select thermodynamic parameters and operating indica-
tors when running on different mixtures of methane and
air.

In both stages, the analysis was carried out for two dif-
ferent engine configurations (that is only geometric
changes), and in the second phase – for swept-volume
reduction with the use of support systems, such as: boost,
variable valve timing, and a variable compression ratio,
which was helpful in providing base engine power, i.e.
before the introduction of downsizing [12, 13, 19, 20].

Results are included in the form of a relative, referring
to the so-called statistical base engine, which was for the
first stage engine before downsizing run on gasoline, and in
the second stage after downsizing powered 100% methane
fuel with calorific value of 47 MJ/kg.

Modelling the engine cycle obtained some thermody-
namic parameters and operating indicators changed as fol-
lows: 
ηv – filling ratio (volumetric efficiency) by 0% for geo-

metrical downsizing only to +36% when downsiz-
ing was supported by turbo and variable valve tim-
ing and compression ratio 

Tmax – maximum temperature of thermodynamic cycle by
0% for geometrical downsizing only to +0.4% when
downsizing was supported by turbo and variable
valve timing and compression ratio 

pmax – maximum pressure circulation by +3.0% for geo-
metrical downsizing only to +4.7% when downsiz-
ing was supported by turbo and variable valve tim-
ing and compression ratio 

ge – specific fuel consumption by -2.0% for geometrical
downsizing only to +-7.0% when downsizing was
supported by turbo and variable valve timing and
compression ratio 

Pe – power (from fuel) by -28% for geometrical down-
sizing only to +3.0% when downsizing was sup-
ported by turbo and variable valve timing and com-
pression ratio.

The next phase of research has shown affection of feed-
ing engine with various methane-air mixtures on engine
parameters.
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Fig. 1. Variants of downsizing and corresponding factors.



Conclusions

The analysis of the data shows that it is possible to
downsize a gasoline engine to a gas engine powered with
methane, and it is important to support changes in geome-
try by turbocharging and variable-valve timing systems and
variable compression. This ensures that base engine power,
while simultaneously reducing specific fuel consumption,
will result in lower emissions of carbon dioxide into the
atmosphere.

It is possible to use downsizing technology even at lean
mixture (from λ = 1.5 to λ = 2.2), as determined by the loss-
es in the range of 0 to 10% and are fully acceptable.

Running the engine in the vicinity of the stoichiometric
mixture will mean the ability to opt out of technical support,
which can result in a consequent increase in fuel consump-
tion and decrease overall efficiency of the engine.

The use of fuel with a lower calorific value has a nega-
tive impact on the indicators of the engine. The existence of
this fact at the same time decreases the methane content in
the fuel and intensifies the effect so that the use of downsiz-
ing technology is neither recommended nor requires consid-
eration of a different design of engine support systems.
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Fig. 2. Relative changes of select engine operating indicators: 
a) For engine fuelled with methane of 47MJ/kg after geometrical downsizing only 
b) For engine fuelled with methane of 47MJ/kg after downsizing supported by engine systems (turbo, variable valve timing, and com-
pression ratio)
p1 – The pressure at the end of the intake stroke, eta_v – filling ratio (volumetric efficiency), Tmax – maximum temperature of ther-
modynamic cycle, pmax – maximum pressure circulation, BMEP – brake mean effective pressure, eta_m – mechanical efficiency, eta_o
– overall efficiency, ge – specific fuel consumption, Pe – useful engine power (from fuel)
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