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This is the effects of isobutanol, which is an isomer of butanol, mixed in different
ratios in gasoline fuel in a low-power single-cylinder spark ignition engine exhaust
emissions on and engine performance according to engine load changes. The
amount of isobutanol in the fuel compared to gasoline fuel reduced CO emissions.
The addition of isobutanol reduced HC emissions for all engine loads. In addition,
the formation of isobutanol accumulation in the fuel in the spark ignition engine
significantly reduced NO, emissions compared to gasoline. For the highest engine
load, NOx emissions decreased by 39.55% for 120 fuel compared to gasoline. An
increase was shown compared to brake specific fuel consumption gasoline in all
mixture ratios with the use of isobutanol. The minimum brake specific fuel con-
sumption was obtained as 383.76 g/kwWh at 5000 W load with the use of 10 fuel.
The maximum brake thermal efficiency value was obtained at 5000 W with the use
of 10 fuel.
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Introduction

There has been a steady increase in energy consumption since the industrial revolu-
tion. Improvements in the quality of life, population growth, rapid economic growth in devel-
oping countries and industrialization are among the reasons for the increase in energy consump-
tion [1]. Due to the high energy demand and limited resources due to developments, the interest
in alternative fuels is increasing day by day [2].

Vehicle emissions cause significant negative impacts on air quality and human health
ata global level. Fuel efficiency and emissions reduction are desired by the combustion industry
due to environmental limitations and fuel costs [3].

Especially low power (engine power less than 25 hp) gasoline engines are air cooled,
have low efficiency and high emission values because they operate with low compression ratios
and rich mixtures. These engines have the potential to increase their performance and reduce
emission values. Gasoline engines increase air pollution with CO, HC, and NOy emissions.
Engine emissions have a significant negative impact on air quality and human health globally.
Many countries have also introduced emission limits for low-power engines. Low-power en-
gines do not have exhaust control systems such as electronically controlled fuel system and
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catalytic converters because they increase the engine price. Therefore, emission values are high
in these engines [4].

The use of alternative fuels containing oxygen in their structure is effective in reduc-
ing emission values [5]. Ethanol, methanol, butanol, liquid petroleum gas (LPG), natural gas,
and hydrogen are used as alternative fuels in spark ignition engines. Due to the high pollutant
emissions of petroleum fuels in spark ignition engines, researchers prefer alternative fuels that
reduce pollutant emissions and increase engine performance as alternative fuels in existing en-
gines. Researchers have been directed to evaluate the feasibility of fuels produced from biolog-
ical sources as alternative fuels in current engines, which can reduce pollutant emissions and
significantly increase engine performance. Alcohols are currently the most popular additives
used as octane boosters in gasoline fuel, replacing all other additives. Alcohols derived from
biomass fuels with high oxygen content and high octane number have an important place in
alternative fuels [6, 7].

The use of ethanol and methanol as additives to gasoline in spark ignition (SI) engines
results in phase separation and irregular engine operation. The use of butanol in diesel and
gasoline engines shows better fuel blending properties than other alcohols. Butanol has a lower
evaporation rate and an energy value 25% higher than ethanol. It is less corrosive than ethanol
and can be used in existing fuel systems [8]. There are four isomers of butanol. Among them,
isobutanol has a higher octane number than the others [9]. Isobutanol is present in about 16.6%
by volume in fusel oil, which is a by-product of alcohol production. Isobutanol, which can be
used by mixing it with gasoline in any ratio in internal combustion engines without requiring
engine modification, is a four-carbon alcohol type that can be obtained by various biosynthesis
methods and by distillation of fusel oil [10].

One of the major advantages of isobutanol is its adaptability to the existing gasoline
infrastructure. Studies have shown that isobutanol can be blended with gasoline at higher con-
centrations than ethanol without requiring changes to the fuel system of conventional spark
ignition (SI) engines. For example, Irimescu [11] has shown that blends containing up to 70%
isobutanol (IB70) can be used effectively in unmodified engines, while pure isobutanol (IB100)
presents difficulties in cold starting conditions at low ambient temperatures. This property
makes isobutanol a more versatile option for fuel blending compared to ethanol, which typically
requires lower blending ratios to avoid engine performance issues [12].

Although there are many studies on ethanol, methanol, and butanol in the literature,
few studies have examined the impacts of isobutanol mixtures on engine performance [13-16].

Garayev et al. [16] presented the findings of a study investigating the emission and
performance properties of gasoline-ethanol-water mixtures that include pyridine and isobutanol
additives to improve water tolerance in a single cylinder gasoline engine. The researchers meas-
ured the phase equilibrium, specific fuel consumption, engine torque, effective power, and NO,
CO, and HC emissions of blends containing different amounts of additives. The isobutanol-
blended fuel mixture showed better results when compared to gasoline regarding emissions and
engine performance.

Furthermore, isobutanol combustion in SI engines has been associated with cycle-to-
cycle variations that can affect overall engine stability and performance, tab. 1. Shang et al.
[17] highlighted the need for further research on the combustion dynamics of isobutanol to fully
understand its impact on engine operation. This situation, with the findings of other researchers
who have highlighted the importance of optimizing combustion parameters when using alter-
native fuels in Sl engines [18].
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Table 1. An insight into the impact of isobutanol use in SI engines

Source Fuel(s) used Ec:\?vléer BSFC BTE CcO CO2 HC NOx | EGT

Gasoline +

[19] isobutanol X X X ! X ! 1 T

Gasoline +

[20-22] isobutanol X T l X X X ! l

Gasoline + 1<2900min 1<2800min

[23] isobutanol l >1 l I>1 X l

Gasoline +
[24] isobutanol X T ! X X X X X

Gasoline +

[15] ethanol + Tl 1 ! 1 ! Tt
isobutanol

Gasoline +
[16] | ethanol + water + | 1 ! X ! x ! ! x
isobuthanol

Gasoline +
isobutanol + sec- -
[25] | butanol +tert- | 1 1 lS3?20m'” ! 1 ! 11

butanol + n- T
butanol

Gasoline +

isobutanol +
ethanol + X T X ! X T ! X

methanol

[26]

Gasoline +
[27] methanol + x 1 i x x x x !
butanol

eo | G [ [ 0 [ [ [ ]

“1” shows an increase, “|” a decrease and “x” shows that the variable was not examined.

Table 2. Some properties of the fuels to be used in the study [23]

Specifications Gasoline Isobutanol
Chemical formula CsHis C4H-OH
LHV [MJkg™] 435 33.3
Density [kgm=] 760 802
Boiling point [°C] 25-215 108
Oxygen content [wt.%] 0.0 21.6
Saturation pressure at 38 °C [kPa] 31 2.3
Experimental

In the study, a generator with a Honda brand GX390 model carbureted single cylinder,
air-cooled Sl engine with SO 8.2:1 and a cylinder volume of 389 cm? was preferred for starting
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the engine tests. Technical specifications of the engine-generator unit used are given in tab. 3.
In the experiments, a recessive load unit with a maximum load rating of 6 kW was used to
change the engine load. Measure the emission values was used to K test brand emission meas-
uring device. The measurement parameters and sensitivity values of the emission analyzer are
given in tab. 4. Schematic representation of the setup where the experiments were performed is
given in fig. 1.

Table 3. Engine technical data

Engine type 4 stroke, overhead valve, single cylinder, horizontal shaft
Bore x stroke [mm] 88 x 64
Cylinder volume [cm?] 389,25
Compression ratio 8.2:1
Net output power (BG) 8.7 kW (11.7 hp) / 3600 rpm
Max. torque 26.5 Nm (2.7 kgfm) / 2500 rpm

Table 4. Emission emission analyzer and thermocouple technical specifications

Parameter Measurement scale Accuracy variables
02 [%] 0-25 0.1
CO2 [%] 0-20 +0.01
CO [%] 0-15 +0.01
HC [ppm] 0-20.000 +0.12
NOx [ppm] 0-5000 +1
K-type thermocouple [°C] —2000.1200 +0.004
K-test
FEIED+ v 9
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Figure 1. Schematic view of the test system; 1 - experiment motor generator
group, 2 - load resistors, 3 - experiment set control panel, 4 - emission device,
5 - precision balance, and 6 - computer




Mentes, M. C., et al.: Investigating the Effects of Isobutanol-Gasoline ...
THERMAL SCIENCE: Year 2025, Vol. 29, No. 4B, pp. 2967-2975 2971

A Radwag brand WLC X2 model 0.1 g precision electronic scale was used to measure
fuel consumption. Since alcohol is volatile, in order to obtain high precision measurements,
fuel mixtures were created and filled into the tank when the experiment was started, and instan-
taneous fuel consumption measurements were made using the mass method. In the experiments,
a control panel with a programmable logic controller was used to systematically collect instan-
taneous fuel consumption and exhaust gas temperature (EGT) data. For specific fuel consump-
tion data, time-dependent fuel status information obtained from the precision scale and thermo-
couple data used for measuring EGT were instantly transferred to the test screen. They were
also saved as .xIs files in the data files.

In this study, isobutanol, which does not cause phase separation when mixed with
gasoline and has a high octane number, was preferred. The effects of gasoline-isobutanol (iso-
butanol additives to gasoline 5%, 10%, 15%, and 20% by volume) mixtures on engine perfor-
mance and emission parameters in a single-cylinder spark ignition engine were investigated.

Results and discussion

Performance and emissions

Brake specific fuel consumption (BSFC) is a parameter that shows the amount of fuel
consumed per unit power. The effect of studies conducted with isobutanol-gasoline mixtures
and gasoline on BSFC is shown in fig. 2. The BSFC decreased for all fuel types as the engine
load increased. In addition, BSFC increased at all loads as isobutanol addition increased. Since
the lower heating value (LHV) of alcohols is lower than gasoline, more fuel must be used to
obtain the same output power [29]. For this reason, BSFC is higher when alcohols are used as
fuel than when gasoline is used. The lowest BSFC value was obtained with 10 fuel at 5000 W
engine load. This value was measured 19% more BSFC for 120, which has the highest isobuta-
nol solids in the study at the same engine load.

Brake thermal efficiency (BTE) is an indicator of the rate at which fuel energy is con-
verted into useful work. The calculated BTE values are given in fig. 3. It is seen that FEV values
increase with increasing engine load. The maximum BTE value was recorded for 10 fuel at
5000 W engine load where the lowest BSFC was recorded. As the isobutanol ratio increased at
the same engine load, the BTE value decreased. Compared to the 10 fuel consisting of pure gaso-
line, the increase in isobutanol content in the blends caused a decrease in the BTE values [30].
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Figure 2. The BSFC Figure 3. The BTE

The EGT given in fig. 4 increased for all fuels as the engine load increased. When the
engine load increased, the combustion chamber temperature increased and this increased the
EGT. The EGT decreased as the isobutanol content in the fuel blends increased, slowing down
combustion at all engine loads. The effect of isobutanol on EGT was more pronounced at low
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engine loads than at high engine loads. Especially for 110 fuel, the lowest EGT was obtained at
all loads. At the 5000 W engine load where the highest EGT was obtained, the EGT value
decreased by 4.6% compared to 110 fuel and 10 fuel without isobutanol additive. This decrease
is due to the high latent heat of vaporization of alcohol [31].

The CO emission, which is an important indicator of combustion in the cylinder, is
the product of incomplete combustion caused by oxygen deficiency. The number of carbon
atoms in the chemical composition of the fuel directly affects CO emission. Figure 5 shows the
CO emissions obtained with engine load variation. As the engine load increased, the CO emis-
sion values decreased until the highest engine load of 5000 W. It was observed that isobutanol
blended fuels reduced CO emission values compared to 10 fuel. Alcohol fuels have fewer car-
bon atoms in their chemical composition compared to gasoline and have lower C/H ratios, thus
providing cleaner combustion and reducing CO emissions [32]. The lowest CO value was ob-
tained as 0.138 %V for 5000 W engine load. When compared with 10 fuel at the load where the
lowest CO emission value was obtained, it reduced CO emission by 93.72%.
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Figure 4. The EGT Figure 5. The CO emissions

The HC emissions occur due to incomplete combustion in the cylinder for any reason.
The HC emissions generally increase as engine load increases. At high engine loads, the com-
bustion chamber temperature rises and combustion occurs faster. This increases the likelihood
of the formation of unburned HC and increases HC emissions. The effect of isobutanol additive
on HC emissions is more pronounced at low engine loads than at high engine loads. This is due
to the fact that combustion is slower and more homogeneous at low loads and isobutanol stabi-
lizes the combustion process better. This is due to the fact that isobutanol has a higher oxygen
content than gasoline as indicated in tab. 2 [25]. Figure 6 shows that the lowest HC value of
isobutanol additive at 4000 W engine load is obtained for 120 fuel. When the HC value of 10
fuel is compared for the same load value, a decrease of 89.07% is observed.

Nitrogen is the most abundant element in the air. The air taken into the cylinder com-
bines with oxygen at the time of combustion when the temperature in the cylinder rises above
1800 °C and forms NOy emission [33]. As the engine load increases, the combustion chamber
temperature increases and NOy formation increases. It has been observed that as the isobutanol
contribution increases, it reduces the combustion temperature for all loads and prevents NOx
formation. Isobutanol has a high specific heat capacity and absorbs more heat in the combustion
chamber, limiting the temperature increase in the combustion chamber. This reduces the tem-
perature of the exhaust gases in the combustion chamber, reducing NOyx formation [34]. The
highest NOy value was measured as 2771 ppm at 5000 W engine load for 10 fuel. It was ob-
served that the NOy value was reduced by 39.55% when 10 and 120 fuels were compared at the
engine load where the highest NOyx value was observed. For the highest engine load, the NOx
value obtained with 120 fuel decreased by 71.95% compared to 10 fuel.
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Conclusions

A gasoline engine fueled with isobutanol and gasoline mixtures was characterized at
five engine loads (1-5 kW). Some results can be summarized as follows.

The LHV of isobutanol compared to gasoline caused an increase in the BSFC value
for the same engine loads in all gasoline-isobutanol blends.

The addition of isobutanol reduced EGT at all engine loads. The 110 fuel with under
all test conditions value was achieved the lowest EGT.

For all isobutanol-gasoline blends and at all engine loads, BTHE decreased compared
to 10 fuel.

Due to the high O content of isobutanol, CO emissions have been significantly re-
duced for 15, 110, 115 and 120 fuels compared to 10 fuel.

The HC emissions decreased at all engine loads. At low engine loads, isobutanol ac-
cumulation was more effective in reducing HC emissions.

The NOy emissions increased as engine load increased. Compared to gasoline, NOx
values decreased in all fuel blends.
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Nomenclature
BP — brake power 115 —blend containing 15 vol% of isobutanol
BSFC - brake specific fuel consumption in gasoline
BTE - brake thermal efficiency 120 —blend containing 20 vol% of isobutanol
CO  — carbon monoxide (emissions) in gasoline
EGT — exhaust gas temperature iBu  —isobutanol
HC  —hydrocarbon LHV - lower heating value
10 — pure gasoline nBu  —n-butanol, 1-butanol
15 — blend containing 5 vol% of isobutanol NO  — nitrogen monoxide or nitric oxide
in gasoline SI — spark ignition (engine)
110 —blend containing 10 vol% of isobutanol sBu  — sec-butanol
in gasoline tBu  — tert-butanol
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