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ABSTRACT: The use of alternative fuels to generate mechanical and thermal energy in engines is a promising and
sought-after technological area with its own unique advantages and characteristics. Consequently, enhancing the
technical, economic, and environmental efficiency of gas engines fueled by propane-butane mixture and syngas through
optimized operating cycle parameters (including valve timing, ignition timing angle, fuel mixture composition, and
compression ratio) is a pressing imperative for scientific and energy sectors. The aim of the study was to investigate
and compare the performance of an engine with different compression ratios running on a propane-butane mixture
and laboratory syngas. The research’s primary originality lies in its joint study of syngas production technology and
the evaluation of the efficiency of a mini power plant fueled by the resulting gas and conventional gas. This article
presents a description of the experimental setup, data on measuring instruments, technical characteristics of the mini-
power plant, the process for obtaining laboratory syngas, the properties of the gaseous fuels used, and experimental
methods. Data on air and fuel consumption, as well as engine efficiency at different compression ratios when running
on a propane-butane mixture and syngas, were obtained and analyzed. Converting an engine from a propane-butane
mixture to syngas results in a reduction in power of almost 30% and efficiency by 13%-33%. Increasing the compression
ratio by 0.9 units causes a rise in maximum efficiency from 0.177 to 0.235 for an engine running on a propane-butane
mixture and an increase in maximum efficiency from 0.136 to 0.161 for a syngas engine. It has been confirmed that the
compression ratio significantly impacts the technical and economic performance of an engine running on gaseous fuel.
The obtained results can be used to modernize existing engines for operation on alternative fuels (syngas) and to design
new mini-power plants with promising technical, economic, and environmental characteristics.

KEYWORDS: Mini-power plant; piston engine; syngas production; propane-butane mixture; syngas; engine testing;
operating cycle fine-tuning; power and efficiency

1 Introduction

Internal combustion engines (ICE) are extensively utilized across diverse industrial sectors for gener-
ating mechanical, thermal, and electrical energy. These engines exhibit specific operational requirements
depending on their intended applications. Notably, a growing trend involves adapting ICEs to run on
alternative fuels such as hydrogen, ammonia, methanol, biofuels, water-coal slurry, and syngas (SG) [1,2].
This shift towards alternative fuels is driven by several factors: the desire to reduce fuel expenses, lever-
age locally available fuel sources, enhance engine performance both technically and economically, and
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mitigate the emission of harmful pollutants [3]. Currently, one of the most promising alternative fuels is
syngas [4]. Therefore, improving the technical, economic, and environmental performance of ICEs running
on SG by fine-tuning operating cycle parameters remains a pressing issue for science and sustainable
energy development.

SG is a mixture of carbon monoxide and hydrogen, the ratio of which depends on the method of
obtaining the mixture. There are a large number of methods for producing SG with different physicochemical
properties [5]. The technology of in-line gasification of various raw materials (sawdust, peat, straw, wood
chips, coal, municipal solid waste, shells, etc.) based on pyrolysis is the dominant technology for producing
SG [6,7]. However, there are also other methods of SG production, such as underground coal gasification [8],
biomass gasification in a cyclone gasifier [9], downdraft gasifier [10], gasification of biomass in a flow of
various gases [11], steam gasification for biomass [12], chemical loop gasification of biomass [13], gasification
of various biomass with a fluidized and fixed bed [14], and others. Scientists plan to produce SG with
increased purity, calorific value, and combustion heat by developing new gasification methods and unique
gasifier designs. Also, the production of SG must be stable, reliable, and efficient for various raw materials and
large volumes of gasification, which is determined by the design features and the perfection of the processes
in the gasifier.

Syngas is widely used in ICEs for various purposes [1,4]. A brief overview of modern research on the
operating characteristics of SG-powered engines is presented below.

Many scientists and engineers have compared the technical and environmental performance of ICEs
running on various types of fuel (natural gas, gasoline, hydrogen, biogas) and SG [15-19]. Thus, Surahmanto
et al. compared the efficiency and environmental performance of a spark-ignition engine running on
gasoline and SG with different component compositions [15]. The study showed that the SG composition
has a significant impact on ICE performance. Also, an ICE running on SG with a certain composition
can potentially be considered as a worthy replacement for gasoline when the engine is running at low and
medium loads. Giri et al. also compared the amount of harmful emissions and specific fuel consumption
for spark-ignition engines running on gasoline, hydrogen, SG, and natural gas [16]. The authors showed
that an engine running on SG or hydrogen (with certain ICE settings) can have lower fuel consumption
and emissions compared to running on gasoline or natural gas. Caligiuri et al. evaluated the power, fuel
consumption, and environmental characteristics of a spark-ignition ICE running on natural gas and SG [17].
The study showed that the use of SG leads to a significant drop in ICE power with a minimal change in
efficiency. The environmental performance of the engine depends significantly on the ignition timing and
the composition of the SG. Garcia et al. conducted a detailed study of the mixture formation and combustion
processes of a spark-ignition ICE running on SG, natural gas and hydrogen [18]. The authors demonstrated
that the quality of mixture formation and combustion completeness significantly depends on the fuel delivery
method and operating cycle parameters and is unique to a particular fuel type and ICE specifications.

There are many studies on the influence of SG composition on the technical and environmental
performance of ICEs [20-24]. Morrone et al. succeeded in achieving engine efficiency of 21% and 14%,
operating on SG obtained from briquettes of wood trimmings and pine chips, respectively [20]. Enomoto
found that the different composition of SG from wood causes a change in the efficiency of the ICE within 10
points [21]. Similar data on the effect of the SG composition on performance were described in the article [22].
Lee Ju. et al. experimentally studied the effect of the SG composition on the processes of mixture formation
and combustion in an ICE [23]. It has been shown that the quality of gas and air mixing, as well as the
completeness and rate of combustion of the working mixture, significantly depends on the composition of
the SG. Accordingly, it is necessary to adjust the parameters of a specific engine to operate on a certain
composition of SG to achieve the best performance.
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Optimization of engine parameters for operation on SG is a separate scientific and technical area
[25-28]. Thus, Park et al. selected optimal values of the excess air coefficient and compression ratio for ICE
on SG [25]. It has been established that optimization of these parameters can increase the efficiency of the
ICE by almost 20%. Costa et al. selected new values for the ignition timing and excess air coefficient for an
engine converted to run on SG [26]. The authors succeeded in reducing harmful emissions by almost 50%
compared to the base gasoline ICE. Seddiq et al. modernized the combustion chamber shape and adjusted
the fuel injection angle for a dual-fuel ICE (diesel/SG) to improve the combustion quality of the fuel-air
mixture and enhance the engine’s environmental friendliness [27].

Improving the technical and environmental performance of ICEs by adding any proportion of SG to
traditional fuel is a relevant area of research [29-34]. Thus, Xu et al. were able to increase the efficiency of
a diesel engine by 4.2% by adding SG to the main fuel [29]. Fan et al. reduced nitrogen oxide emissions
by almost 30% by adding SG (SG proportion up to 20%) to gasoline for spark-ignition ICEs [30]. Li et al.
conducted optimization of the fuel mixture composition and injection timing to improve the ecology and
power of a dual-fuel spark ignition ICE (SG and gasoline) [31]. Mohammedali et al. optimized the operation
of a dual-fuel ICE (SG/diesel) by fine-tuning the combustion chamber shape and changing the nozzle
openings in the injector to increase efficiency and reduce emissions [32]. It was found that an individual
selection of the fuel system design is necessary for optimal operation of a dual-fuel ICE.

Research indicates that employing SG as fuel in ICEs can lead to improvements in both technical
performance and environmental impact. Nevertheless, a comprehensive understanding of how operating
cycle parameters affect the efficiency and environmental footprint of gas-powered ICEs remains elusive. Con-
sequently, there is an urgent need for further experimental data on the performance characteristics of various
SG-powered ICE configurations. Additionally, the interplay between the gasification process and engine
operation, particularly their reciprocal influence on SG and ICE efficiency, warrants deeper investigation.

This research employed experimental methods to evaluate and compare the operational efficacy of a
mini-power plant based on an engine with varying compression ratios €, fueled by a propane-butane mixture
(P-BM) and SG. The originality and novelty of this work lie in the development of SG production technology,
the identification of its physical and chemical properties, and the enhancement of mini-power plant efficiency
when operating on the obtained SG.

2 Gasification of Wood Sawdust to Produce Syngas

In this study, tests of a mini-power station based on a spark-ignition ICE were carried out with two
types of fuel: P-BM and SG. The chemical composition of the P-BM was as follows: C3Hg—69.1%, C4H;o—
29.6%, Hy—1%, CO,—0.1%, N,—0.2%; the net calorific value was 50.35 M]/kg; the density was 1.97 kg/m’.
The P-BM was purchased in a 27-L cylinder with a regulating valve (NOVOGAZ, Belarus).

The SG had the following chemical composition: CHy—3.6%; H,—7.0%; CO,—14.6%; CO—21.2%; N, —
53.6%; the net calorific value of SG was 3.77 M]/kg; the density was 1.26 kg/m’. SG was produced in the
New Energy Technologies laboratory at the Ural Federal University by gasifying wood sawdust in an in-
line gasifier based on pyrolysis. In this case, the process of producing synthetic gas involved the incomplete
combustion of wood sawdust at a temperature of 600°C-1000°C. The solid fuel (sawdust) underwent the
following stages during gasification: heating of sawdust particles with evaporation of moisture (drying);
pyrolysis (thermal decomposition) with the production of volatile substances; heterogeneous chemical
reactions of resins and coke-ash residue of the fuel; slag formation; condensation of heavy hydrocarbon
compounds (resins).
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These stages can be described in more detail as follows. Moisture evaporation was the first process
to occur in an in-line gasifier. The release of volatile substances (pyrolysis) began simultaneously with
moisture evaporation. Pyrolysis is the decomposition of organic compounds under high temperatures in
the absence or insufficiency of oxygen. In this case, the breakdown of organic compounds and the synthesis
of new products occurred. These processes were interconnected and occurred within a specific range of
temperatures and times.

Some of the pyrolysis products burned in the oxygen zone of the gasifier, which ensured the required
process temperature. The remaining pyrolysis products reacted with the combustion products (H,O and
COy,), resulting in the formation of synthetic gas. SG consists of carbon monoxide CO, hydrogen H,, methane
CHy, carbon dioxide CO,, water vapor H, O, and nitrogen N,.

A coke-ash residue formed because of the release of volatile substances. It consisted of coke (almost
pure carbon) and ash (mineral matter).

Slagging had virtually no effect on the gasifier’s efficiency during continuous-flow sawdust gasification.
Tars also virtually did not condense at continuous-flow gasification temperatures (above 1100°C).

An in-line gasifier of design was developed for the gasification of wood sawdust (Fig. 1). The two-stage
gasifier consisted of a lower and upper section (a conical diffuser and a cylindrical section). Primary air
was supplied under pressure from the compressor to the lower section of the gasifier. The primary air was
preheated using electric heating elements. Air flow was monitored using flow meters. Secondary air was
supplied through 4 horizontal nozzles between the lower and upper sections. Sawdust was supplied from
the fuel bunkers by means of augers to the upper section of the gasifier. The particles moved upward in
the ascending gas flow along the cone’s axis within the conical sections. Unreacted (large) sawdust particles
gradually shifted toward the region of low flow velocities (toward the walls) and moved downward along the
walls. Drying, pyrolysis, and combustion of large sawdust particles circulating in the ascending primary air
flow in the lower section of the gasifier occurred. Gasification of small sawdust particles in the gas flow from
the lower section occurred in the upper section. The resulting SG was captured and supplied to a special
refrigerator for cooling. The granulation of the slag and its settling in the slag bath occurred during the
cooling process. The purification of SG from solid particles and further cooling to a temperature of no more
than 300°C was carried out in a collecting condenser with additional filtration in a scrubber. The resulting
SG was fed into an ICE as part of a mini-power plant to generate electricity. The remaining products of
incomplete combustion were saturated with oxygen and pumped out by a compressor for further delivery
to the afterburner. They were further separated into ash and combustion products, then discharged into
the chimney.

The main technical characteristics of the gasifier were: fuel consumption—14 kg/h; total air consumption
at the reactor inlet—15 m®/h; heated air temperature in front of the reactor—400°C; SG consumption
at the gasifier outlet—27.2 m®/h; SG temperature at the gasifier outlet—1000°C; air consumption for SG
afterburning—100 m’/h; combustion product temperature at the afterburner outlet—784°C; air consump-
tion for cooling the combustion products—500 m’/h; gas temperature at the compressor inlet—166°C.

Thus, the experiments used a purchased P-BM and a laboratory SG of our own production with the
physicochemical properties indicated above.
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Figure 1: Photo of an in-line gasifier for obtaining laboratory SG: 1—flow meters; 2—fuel bunkers with screw feeders;
3—gasifier reactor; 4—afterburner; 5—compressor; 6—refrigerator; 7—condenser-collector; 8—scrubber and filter for
SG

3 Experimental Setup, Initial Data, Measuring Instruments, and Experimental Methodology

Fig. 2 shows a photograph of the experimental setup used to obtain the operational characteristics of a
mini-power plant based on an engine.

_
o

Figure 2: Photo of the experimental ICE test bench: 1—mini-power plant; 2—load setting system (loading device);
3—gas rotameter; 4—air flow meter; 5—compressor; 6—cylinder with P-BM

The experimental setup consisted of the following main elements: a mini-power plant (nominal power
0f1000 W), aload setting system based on incandescent electric lamps, flow meters for measuring air and gas
consumption, a compressor for supplying SG, a cylinder containing a P-BM, and a gas analyzer for analyzing
the composition of the ICE’s exhaust gases.

This study focused on the Huter HT1000L mini-power plant (China), which utilizes an ICE powered by

gasoline. The ICE was converted to run on gaseous fuels (P-BM and SG). The basic technical characteristics
of the investigated ICE were as follows: rated power N, = 1000 W; rotational speed at rated power
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1, = 3600 min~'; compression ratio & = 7.7. Other technical data of the mini-power plant are presented in the
article [35].

The syngas supply conditions to the engine were as follows:

- The SG was cooled and filtered after exiting the gasifier; the SG temperature in the ICE intake system
was 46 + 1°C;

- The SG and air were mixed in the supply line before the engine intake system; the pressure in the ICE
intake system was approximately 0.11 MPa;

- 'The chemical composition and quantity of the produced SG by the gasifier remained stable for more
than 1h (this condition was met with a uniform sawdust feed to the gasifier, a stable amount of supplied
air, and a uniform temperature in the gasifier); the methane amount in the SG was approximately 3.6%
(the variation was in the range of 3.1%-3.7% during the tests), the net calorific value was approximately
3.77 M]/kg (variation was within +10% during the experiments); the constancy of the parameters of the
SG from the gasifier was sufficient for conducting bench tests;

- 'The stability of the SG supply to the mini-power plant was maintained for at least 40 min (this time is
sufficient to perform a series of tests); the SG supply to the ICE was disrupted due to filter contamination
and a decrease in their throughput (this phenomenon was recorded by measuring the pressure difference
before and after the filter); the tests were terminated due to disruptions in the gas supply to the mini-
power plant (filter maintenance was performed before continuing the tests).

In the study, the engine operated sequentially on a P-BM and SG (the physicochemical properties of
the fuels are described in the previous section). Power (load) N, crankshaft speed n, air consumption G,,
fuel consumption (gas) Gy, exhaust gas composition and engine efficiency n were measured and calculated
in experiments.

The ICE operated at a constant speed of n = 3000 min~! with varying loads. The crankshaft speed was

determined using a Kebidumei tachometer (China) with an accuracy of +5 min™'. The air consumption
G, was measured using a Meta-215 flow meter (Russia) with an error of +2.5%. The G, was simultaneously
monitored using a constant temperature hot-wire anemometer [36]. The calculation of experimental uncer-
tainty for the main physical quantities was carried out on the basis of ISO/IEC Guide 98-1:2024 “Guide to the
expression of uncertainty in measurement” (the coverage factor was 2, corresponding to a 95% confidence
interval, when calculating the experimental uncertainty).

Gaseous fuel consumption was measured using an RMS-0.4 gas rotameter (Russia) with an error of
+£2.5%. The composition of exhaust gases was determined usinga GAMMA-100 gas analyzer (Russia) with an
error of +5.0%. The gas analyzer measured the percentage composition of methane CH,, carbon monoxide
CO, carbon dioxide CO,, oxygen O,, and hydrogen H, during the experiments. However, engine emissions
assessment results are not presented in this paper. The authors intend to publish a dedicated article examining
emissions from ICE fueled by various types, drawing upon both modeling and experimental data obtained
from this mini-power plant setup.

The power output of the mini-power plant was determined through a controlled process involving the
sequential activation of 50 and 100 W electric lamps. To ensure the reliability of the findings, each experi-
mental series was replicated a minimum of five times. The high degree of repeatability and reproducibility
observed in the results instilled confidence in their accuracy. The ICE efficiency was subsequently calculated
using established methodologies, based on the experimentally acquired data [37]. This calculated efficiency
was then benchmarked against the outcomes derived from a prior thermodynamic cycle simulation [35].
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4 Test Results, Analysis, and Discussion

Modeling of the thermodynamic cycle of the ICE under study was previously performed with different
compression ratios, fuel types, and ignition timings and published in [35]. Results from bench tests of the
mini-power plant are presented later in this article.

The change in air consumption G, depending on load N for an ICE running on a P-BM and SG is shown
in Fig. 3.

9.0
G, kgh .
5.0
I
1.0
0 0.5 N, kW 1.0

Figure 3: Dependences of air consumption G, on load N for an ICE running on different gaseous fuels: 1—P-BM (x);
2—SG (#)

Fig. 3 shows that the maximum power of the ICE on a P-BM is about 900 W, which is due to the
replacement of fuel from gasoline to gaseous fuel. Meanwhile, the maximum power of an ICE running on
SG is approximately 600 W (a 30% reduction compared to a P-BM), which is primarily due to the low
calorific value of syngas. There is also a reduction in air consumption by 6%-17% when ICE is running on
SG. The performance degradation is attributed to a decline in the efficiency of gas exchange within the engine
cylinder. This inefficiency stems from the excessive supply of SG.

The dependences of fuel consumption Gy on load N for an ICE running on a P-BM and SG are shown
in Fig. 4.
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Figure 4: Dependences of fuel consumption Gy on load N for an ICE running on different gaseous fuels: 1—P-BM (x);
2—SG (¢)

The mass fuel consumption of the engine running on SG is significantly higher (several times) compared
to the P-BM, which is explained by the difference in the net calorific value of the gases used (Fig. 4). In other
words, it is necessary to supply significantly more “poor” fuel (SG) to the cylinder in order to obtain the
same power of an ICE running on “rich” gas (P-BM). A special, external compressor was used to supply a
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large amount of SG to the ICE in the experimental stand. This must be taken into account when designing
mini-power plants with ICEs powered by SG.

The dependences of efficiency n on load N for an ICE in a mini-power plant powered by a P-BM and
SG are shown in Fig. 5.

024 [ ‘

n

0.12 F

0 0.5 N, kW 1.0
Figure 5: Dependences of efficiency n on load N for an ICE running on different gaseous fuels: 1—P-BM (x); 2—SG (#)

Fig. 5 shows that the efficiency values of the engine on a P-BM are in the range from 0.117 to 0.177, and
the efficiency values of the ICE on SG have a range from 0.045 to 0.136, i.e., there is a decrease in efficiency
1 by 13%-33%. For example, the efficiency of an engine operating on a P-BM is 0.156, while the efficiency of
an ICE running on SG is 0.136 at a load of about 400 W, i.e., the drop is approximately 13%. The efficiency
of an engine operating on a P-BM is 0.177, while the efficiency of an ICE running on SG is 0.119 at a load of
about 600 W, i.e., the reduction is approximately 33%. The obtained data are in full agreement (differences of
no more than 3%) with the results of modeling the thermodynamic cycle of this ICE, which were presented
in the authors’ previous article [35].

The drop in efficiency is explained primarily by the deterioration of mixture formation and combustion
processes in ICEs running on SG. In particular, the process of flame front formation in the engine combustion
chamber occurs slowly due to the laminar development of combustion when the ICE is operating on poor
combustible mixtures (a blend of SG and air) [38]. Fine-tuning the operating cycle parameters of the ICE for
operation on SG is required to set the optimal gas combustion rate.

In this study, the compression ratio was raised from 7.7 to 8.6 (an increase of 10.5%) to improve the
technical and economic performance of the ICE running on P-BM and SG. The compression ratio was
increased by removing (about 1 mm) material from the engine cylinder head using a milling machine. Fig. 6
shows the change in air flow characteristics through an engine with different compression ratios and gaseous
fuel types.

Increasing the compression ratio & from 7.7 to 8.6 caused a drop in air consumption G, of up to 27.8%
for an ICE running on a P-BM and by almost 16% for an ICE operating on SG (Fig. 6). This is since an engine
with an increased compression ratio requires less working fluid to perform the same amount of useful work
ata given load. This assertion is further corroborated by thermodynamic cycle simulation findings presented
in a previous study [35].
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Figure 6: Dependences of air consumption G, on load N for ICE with different & and for different gaseous fuels: 1—P-
BMand e =77 (x); 2—SGand € = 7.7 (#); 3—P-BM and ¢ = 8.6 (A); 4—SG and £ = 8.6 (m)

The change in fuel consumption Gy depending on load N for ICEs with different & and for different fuel
types is shown in Fig. 7.
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Figure 7: Dependences of fuel consumption Gr on load N for ICE with different & and for different gaseous fuels:
1—P-BM and £ =77 (x); 2—SGand € = 7.7 (¢#); 3—P-BM £ = 8.6 (A); 4—SG and £ = 8.6 (m)

The increase in € expectedly led to a reduction in mass fuel consumption by almost 26% for an ICE
running on a P-BM and by approximately 9.5% for an engine operating on SG (Fig. 7). This can be explained
by an improvement in the performance of the ICE (an increase in the average cycle pressure, a growth in
the average cycle temperature, and an enhancement in the quality of gas exchange, mixing, and combustion
processes). At the same time, significant differences keep in the fuel consumption values for ICE running
on a P-BM and SG, in engine with increased ¢ (the consumption of SG remains several times higher than
the consumption of a P-BM). The findings align with existing models and empirical data, demonstrating
a positive correlation between compression ratio and the efficiency and economic performance of ICEs.
This corroboration is observed against both the author’s own modeling [35] and established literature
sources [37,39].

The change in efficiency values n with load N for ICEs with different & and for different fuel types is
shown in Fig. 8.
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Figure 8: Dependences of efficiency 1 on load N for ICE with different & and for different gaseous fuels: 1—P-BM and
£=77(x);2—SGand =77 (¢#); 3—P-BM and ¢ = 8.6 (A); 4—SG and £ = 8.6 (m)

An increase in the compression ratio ¢ led to an increase in the maximum efficiency values from 0.177
to 0.235 (a rise of 24.7%) for an ICE running on a P-BM and from 0.136 to 0.161 (a growth of 15.5%) for an
engine running on SG (Fig. 8). The increase in efficiency 1 is also associated with an improvement in engine
operating cycle performance. Increasing the compression ratio € remains an effective way to improve the
performance of ICEs operating on gaseous fuels (P-BM and SG). The optimal value of € should be selected
based on the engine type, its size, the type of fuel used, and the operating characteristics of the mini-power
plant based on a ICE.

The findings presented in this study possess inherent limitations due to the specific scope of the research.
The data are solely applicable to small spark-ignition ICEs with a maximum power output of 1 kW. It is
crucial to recognize that the composition and physicochemical properties of SG significantly influence ICE
performance. Consequently, the results obtained herein are exclusively valid for gaseous fuels possessing the
precise characteristics outlined in the article. Any deviations in power output, engine dimensions, or the
properties of the gaseous fuel necessitate further investigation.

5 Conclusions

Based on the conducted research, the following main conclusions can be formulated:

()  An original gasifier design has been developed to produce SG from sawdust. The produced SG is
suitable for combustion in an ICE, operating as part of a mini-power plant. An SG with an original
composition was obtained, and tests and studies of the ICE were carried out using the obtained SG;

(2)  An experimental setup has been created to study the technical and economic indicators of an ICE
running on different types of gaseous fuels (P-BM and SG); the studies were conducted for a gasifier
and mini-power plant system, considering the mutual influence of these elements;

(3) Experimental data were obtained on air and fuel consumption, as well as the efficiency of an engine
with different compression ratios (7.7 and 8.6) when powered by a P-BM and SG;

(4)  The conversion of the ICE from a P-BM to syngas led to a 30% drop in power and a 13% to 33% decrease
in efficiency;

(5) An increase in the compression ratio by 0.9 units causes a growth in maximum efficiency by 24.7%
(from 0.177 to 0.235) for an engine running on a P-BM and a rise in maximum efficiency by 15.5%
(from 0.136 to 0.161) for an ICE running on SG; increasing the compression ratio is one of the most
effective ways to improve the technical and economic indicators of ICEs operating on different types
of gaseous fuels;
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(6) The test results are in good agreement with the thermodynamic cycle simulation data, indicating
the quality of the experimental studies and the reliability of the created mathematical model of the
thermodynamic cycle of the ICE as part of a mini-power plant.

Future investigations could focus on evaluating the technical and economic viability of using ICEs
within miniature power generation systems fueled by syngas. These studies would explore the impact of
varying syngas compositions, including methane concentration, fuel heating value, and supply parameters,
on ICE performance. Additionally, experiments will be conducted utilizing ICEs of diverse power outputs
and physical dimensions to assess their suitability for this application.
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