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Preliminary investigation of a gaseous fuel composition influence 

on spark ignition engine performance 

This paper constitutes a performance comparison of an engine fed with various mixture of gases which can 

be expected as a product of biomass gasification – i.e. hydrogen, carbon dioxide, carbon monoxide, and 

methane. The share of those components is dependent mainly upon the gasification process, and the gasified fuel 

type. For this reason the test station was designed for easy change of the gas mixture composition. Here, a set of 

various 12 gas mixtures was taken into account for the evaluation of the engine power, cylinder temperature and 

fuel consumption. Statistically elaborated influence of the gas fuel composition on the parameters of engine 

performance constitutes the basis for the selection of the best engine, optimization of engine’s adjustments as 

well as development of the control algorithm for a gasification unit. 
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Badania wstępne wpływu składu mieszanin paliw gazowych na parametry pracy silnika 

o zapłonie iskrowym  

Artykuł stanowi porównanie parametrów pracy silnika o zapłonie iskrowym zasilanego mieszaniną gazów 

powstałych, jako produkty procesów zgazowania biomasy – tj. wodór, tlenek i dwutlenek węgla oraz metan. 

Udział poszczególnych gazów jest zależny w głównej mierze od procesu zgazowania oraz od rodzaju paliwa, 

które podlega zgazowaniu. Stanowisko pomiarowe umożliwia dowolną kompozycję składu paliwa gazowego. 

Badano wpływ 12 mieszanin gazowych na parametry użytkowe silnika spalinowego, m.in. na temperaturę gazów 

wylotowych i zużycie paliwa. Opracowany statystycznie wpływ składu mieszaniny gazowej na parametry pracy 

silnika stanowić będzie podstawę do doboru optymalnych nastaw i opracowanie algorytmu sterującego jednost-

ką ECU. 

Słowa kluczowe: paliwa alternatywne, paliwo gazowe, sterowanie silnikiem gazowym 

 

1. Introduction 

 

Nowadays, researches concerning designing the 

best possible engine fed only with gaseous fuel 

gains more popularity. Taking into consideration 

limited amount of fossil fuels this attempt seems to 

be fully justified. The most common gaseous fuels 

for engine are Compressed Natural Gas (CNG) or 

Liquefied Petroleum Gas (LPG). Furthermore, there 

are attempts to supply an engine with such gases as 

for example methane or hydrogen. In consequence 

the performance for engine fed with those fuels is 

well known and investigated by vast number of 

researchers. However, little is known about the 

performance of an engine fed with a gaseous fuel of 

various composition. Such a gas is a product of a 

gasification process.   

According to [1] gasification is a process which 

converts the solid or liquid fuel into more useful 

and convenient gas, which at a later stage is used to 

produce energy. Unlike the combustion, gasifica-

tion involves formation of chemical bonds in the 

product gas to produce power, while combustion is 

based on the destruction of these chains to produce 

energy.  

The net product of gasification are carbon oxy-

gen and hydrogen. Depending upon the gasification 

process different mixtures of those gases will be 

generated. In consequence the product of gasifica-

tion is almost always hydrogen methane, carbon 

dioxide and monoxide, and oxygen [2], [3], [4]. The 

gasification product gases are to be considered as a 

gaseous fuel for spark ignition engine. This howev-

er requires its modification. The variability of the 

gasification reactions and products results in pro-

duction of gas with composition which is impossi-

ble to entirely predict [5]. Therefore, the attempt to 

modify a spark ignition engine for gaseous fuel of 

various composition aroused.  

 

2. The test station 

2.1. General description 

The tests station was designed and manufac-

tured for the effectiveness verification of feeding a 

spark ignition engine with syngas. A comprehen-

sive analysis of the gas composition influence on 

the engine performance allows selection of the best 

engine, or optimization of the engine adjustments 

for a gasification unit. 
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The test station is manufactured basing on the 

PRAMAC S12000 generator equipped with a spark 

ignition engine – Honda GX630, and a generator 

set MeccAlte T20FS-160/A as well as the system of 

electronic stability voltage (see Fig 1) 

 

 
Fig. 1. Generator PRAMAC S12000 

 

The use of generator units required its adequate 

redesign as well as installation the necessary meas-

uring equipment. The internal combustion engine 

has been adapted for being fed with gaseous fuels, 

by installing proprietary tubular mixer, evaporator 

BRC AT90P and shut off valve. Evaporator con-

trolled by vacuum from the intake manifold allows 

the correct adjustment of the composition of the air-

fuel mixture for the methane, which is the basis for 

further comparative research. 

During design two possible methods of compos-

ing gas mixtures was assumed. The first delivery to 

the engine involved mixtures of gases composed by 

a supplier, and the second assumed a self-

contained; gas: mixing by regulating the flow of gas 

mixtures based on the homogeneous gas. Due to the 

significant operating costs and long delivery time, 

the first option was rejected. 

The schematic representation of the test station 

is depicted in Fig 2. Gas mixture preparation sys-

tem, consists of four gas cylinders, each with a 

water capacity of 50 litters, containing the pure 

gases, hydrogen (H2) with a purity of 5.0, methane 

(CH4) with a purity of 2.5, carbon dioxide (CO2) 

with a purity of 4.5 and carbon monoxide (CO) 

with a purity of 1.8 and a gas pressure regulator. 

The system uses two-stage gas reducers, reducing 

gas in the pressure range of 0 to 4 bar, to allow 

stabilization of the gas pressure regardless to the 

gas flow. Then, after reducing the pressure. The gas 

flows through float rotameters (see Fig. 3).  

Due to large variability of measurements and 

required accuracy two rotameters were designated 

for each of gas. Each of the rotameters contains a 

valve that allows a change of volumetric fraction of 

a gas. The flowmeters are calibrated for normal 

conditions, with flowing air, hence the readings in 

each case must be converted to a particular gas. The 

plaque was also equipped with controls and device, 

start-up power generator as well as frequency and 

engine’s rotational speed measurement, which sig-

nificantly facilitated the commencement of the 

experiment. 

 

 
Fig. 2. Schematic representation of the test station; 

1 – gas cylinders with reducers, 2 – table of rotates 

and control valves, 3 – gas mixer, 4 – shut-off valve 

of the evaporator, 5 – evaporator, 6 – system of 

liquid fuels consumption measurement, 7 – system 

of generator loading, 8 – electrical values measur-

ing set, 9 – temperature measuring system, 10 – 

exhaust gas analyser, 11 – power generator. 

 

Subsequently the technical gases with known 

pressure and flow rate were directed to the cylindri-

cal, closed gas mixer. The location of radial chan-

nels at the suitable angle enables fast and efficient 

mixing, as well as homogenization of the mixture. 

On the opposite side there is a discharge outlet and 

a safety valve, protecting against overpressure. The 

surface area of the inlet channels is 113 mm
2
 and 

resembles the area of the outlet channel.  

The test station was additionally equipped in a 

system for fuel consumption determinations, which 

includes: 

─ fuel tank, 

─ measuring balance Radwag WPE 4000, 

─ measuring flask, 

─ fuel lines. 

 

The fuel tank constitutes a vessel provided with 

the power generator, which were installed together 

with the elements of the gas and measuring on a 

mobile rack. Position of the tank at a suitable height 

precluded the need for a fuel pump. The fuel from 

the main tank flows by gravity through a shut-off 

valve flask placed on an analytical balance. Then 

the fuel flows through a siphon into an internal 

combustion engine. The measurement is based on a 

reading of the mass of fuel within a specified period 

of time. It is important that the measurement was 

not followed by the contact between the fuel line 

and the flask or analytical balance. 
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Fig. 3. System for fuel consumption determinations 

of gas engine 

 

Engine loading arrangement was a set of electric 

heaters with power of 3 x 1,5 kW and 3 x 2 kW 

which enables charging unit in five working points. 

Reading the power generated and the frequency 

(rotational speed) was performed using the meter 

network parameters. 

 

The gas exhaust system was equipped with the 

gas temperature sensors (thermocouple type K) for 

each of the cylinders and exhaust gas analyzer con-

nected Infralyt 4000 (as depicted in Fig. 4). The 

range for each gas is: 

─ CO  0 - 10 % vol. 

─ CO2  0 - 20 % vol. 

─ HC  0 - 2000 ppm. 

─ O2  0 - 21% vol. 

 

 
Fig. 4. Location of the temperature sensor and 

exhaust gas analyser 

 

 

 

2.2. Test station adjustment 

The experiments was initially carried out using 

unleaded gasoline, and subsequently, for the pur-

pose of adjustments verification, the experiment 

was repeated feeding engine with pure methane. 

The analysis of the first part of the studies revealed 

the point of full load characteristics at which subse-

quent experiments were carried out. This point 

resembles parameters at which the engine fed with 

primary fuel, represent the greatest efficiency. The 

comparison of load characteristic for engine fed 

with unleaded gasoline and methane done in order 

to verified the correctness of engine adjustments is 

presented in Fig. 5 and Fig. 6Fig. 5. Similar shape 

of lines resembling the fuel consumption with re-

spect to power indicates correct adjustments of the 

test station. It is noteworthy that primarily derived 

powers are at a similar level but are achieved at 

lower rotational speeds for gaseous fuel. There has 

been a significant decrease in carbon monoxide 

emissions when the engine was powered by me-

thane, and a slight decrease of CO2 emissions.  

 

 
Fig. 5. Load characteristic for engine with unlead-

ed gasoline  

 

 

 
Fig. 6. Load characteristic for engine with methane 

 

 

3. Experiment 

Here, only the gaseous fuel was subjected to the 

deliberation. Inasmuch four gases are included in 

overall experiment but an engine is supplied only 

with three components gas mixture. All samples 

with various gas composition used for the engine 

supply are listed in Tab. 1 and graphically present-

ed in Fig.7. 
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Tab. 1. Samples of gas composition for engine sup-

ply 

Sample 𝐶𝑂2 CO 𝐶𝐻4 𝐻2 

1 0% 20% 27% 53% 

2 0% 20% 20% 60% 

3 6% 0% 20% 74% 

4 7% 0% 26% 67% 

5 12% 0% 24% 63% 

6 17% 0% 23% 60% 

7 5% 0% 8% 88% 

8 11% 0% 9% 80% 

9 19% 0% 10% 71% 

10 0% 0% 18% 82% 

11 0% 20% 0% 80% 

12 17% 0% 19% 64% 

 

 
Fig. 7. Samples of a gas composition 

 

According to the assumptions (described in sub-

section 2.2) the work was carried out at the point of 

minimum specific fuel consumption for the supply 

of gasoline. The system was loaded with a constant 

load of 6 kW. In every case the engine was started 

by means of methane delivery. The first phase of 

the test was to determine the limits of gas composi-

tions at which the engine will develop the nominal 

power, and will maintain a constant revolution 

speed close to 3000 rpm. Due to the significant 

decrease in toxic components in the exhaust gases, 

primarily carbon monoxide emission control was 

confined mainly to minimization of the oxygen 

content in the exhaust and reducing emissions of 

unburned hydrocarbons. 

 

4. Results and discussion  

Inasmuch various fuel composition results in 

obtaining varies parameters of engine performance 

it appeared that, at the condition described here, it 

is very hard to predict an influence of a particular 

gas on an engine performance. Taking the rotation 

speed, calorific value and volumetric fraction of the 

oxygen in exhaust gases (see Fig. 8) it appears that 

sample 10 which is composed of methane and hy-

drogen shows the best properties. It is manifested 

by the highest values of rotational speed and calo-

rific value with the lowest oxygen emission. Fur-

thermore, a significant reduction of rotational 

speed, exists at sample 6 which is composed addi-

tionally of carbon dioxide. Carbon monoxide in fuel 

(sample 2) shows ability to inhibit the revolution 

speed. Such a tendency is further proven by calorif-

ic value of the fuel samples – the lower calorific 

value the less revolution per minute. Moreover, the 

amount of oxygen in exhaust gases is inversely 

proportional to the calorific value and consequently 

the rotational speed of the engine.  

 

 
Fig. 8. Relationship of rotational speed, calorific 

value and oxygen emission for gaseous fuel compo-

sitions 

 
It appears that the highest amount of oxygen in 

exhaust gases was generated by sample 9 composed 

of carbon dioxide, methane and hydrogen (see Fig. 

9). This sample moreover, generates the lowest 

engine power among all the other samples. Subse-

quent samples represent an increase of powered 

until reached 5 Nm
3
/h. At this value the fuel con-

sumption shows a large variability forbidding to 

find an unequivocal relationship between the 

amounts of oxygen in the exhausts gases for partic-

ular sample.   

 

 
Fig. 9. Relationship of engine power and fuel con-

sumption with respect to the oxygen emission 

 

5. Conclusion   

The performance of the engine fed with gaseous 

fuel of various composition shows the large com-

plexity of the process. The randomness of the re-

sults forbids to precisely identify the impact of a 

particular gas on an engine performance. Every gas 

mixture represented different level of significance 
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for engine performance as well as generated differ-

ent difficulties during engine operation. For exam-

ple, during the test of sample 4 an uncontrolled 

explosion outside the combustion chamber and 

ignition dislocation was detected. For fuels with 

calorific values less than 15 MJ/Nm
3
 the engine did 

not reached its operation parameters. This might be 

partially consequence of the amount of oxygen in 

exhaust gases because engine reached its working 

parameters only when the amount of oxygen in 

exhaust gases was greater than 10%. Furthermore, 

it appeared that the greater amount of oxygen in 

exhaust gases, the greater is its temperature. The 

higher heating value of the fuel, the lower gas con-

sumption. The exception is sample 4 due to im-

properly extending the combustion process. It ap-

peared that increased share of carbon in high – 

carbon fuels limits the speed of combustion, in-

creasing the methane number of fuel. 
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Nomenclature/Skróty i oznaczenia 

CNG Compressed Natural Gas/sprężony gaz 

ziemny 

LPG Liquified Petrolum Gas/gaz skroplony 
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