
Proceedings of the LASUSTECH 30th iSTEAMS Multidisciplinary Innovations Conference, 2022 
ISBN- 978-978-57388-7-2 

 
 
 

157 
 

Trinity University, Nigeria  
Society for Multidisciplinary & Advanced Research Techniques (SMART) Africa 
IEEE Computer Society, Nigeria 
The ICT University Foundations, USA.  
 
 

LASUSTECH Multidisciplinary Innovations Conference (LASUSTECH-MIC) 
 

                           16th – 18th April, 2022 

 
 
Experimental Investigations of the effect of Loads and fuel Injection 
Timing on the Combustion and Emissions of 2-Methyl-tetrahydrofuran 
and 2-Methylfuran in a Gasoline Fuelled DISI Engine. 
 
1,2Olalere Rafiu k., 2Hongming Xu, 3Sodeinde Olusegun A., 1Adigun Ismail, 1Saheed Rasheed O 
& 4Salami Safran 
Dept of Mechanical Engineering, Lagos State University of Science and Tech. Ikorodu, Nigeria 
University of Birmingham, Birmingham, UK 
Dept of Chemical Engineering, Lagos State University of Science and Tech. Ikorodu, Nigeria 
Dept of Computer Engineering, Lagos State University of Science and Tech. Ikorodu, Nigeria 
 
E-mails: lereraf@yahoo.com 
 
Phone No: +2348064578859 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
     
Proceedings Citation Format 
Olalere R.k., Hongming Xu, Sodeinde O.A., Adigun I., Saheed, R.O.& Salami, S. (2022)  Experimental 
Investigations of the effect of Loads and fuel Injection Timing on the Combustion and Emissions of 
2-Methyl-tetrahydrofuran and 2-Methylfuran in a Gasoline Fuelled DISI Engine.. Proceedings of the 
LASUSTECH 30th iSTEAMS Multidisciplinary Innovations Conference. Lagos State University of 
Science & Technology, Ikorodu, Lagos State, Nigeria May  2022.   
Pp 157-172. www.isteams.net/lasustech2022 
DOI: https://doi.org/10.22624/AIMS/iSTEAMS/LASUSTECH2022V30P14 



Proceedings of the LASUSTECH 30th iSTEAMS Multidisciplinary Innovations Conference, 2022 
ISBN- 978-978-57388-7-2 

 
 
 

158 
 

Experimental Investigations of the effect of Loads and fuel Injection 
Timing on the Combustion and Emissions of 2-Methyl-tetrahydrofuran 

and 2-Methylfuran in a Gasoline Fuelled DISI Engine. 
 

1,2Olalere Rafiu k., 2Hongming Xu, 3Sodeinde Olusegun A., 1Adigun Ismail, 1Saheed Rasheed O 
& 4Salami Safran 

Dept of Mechanical Engineering, Lagos State University of Science and Tech. Ikorodu, Nigeria 
University of Birmingham, Birmingham, UK 

Dept of Chemical Engineering, Lagos State University of Science and Tech. Ikorodu, Nigeria 
Dept of Computer Engineering, Lagos State University of Science and Tech. Ikorodu, Nigeria 

 
 
ABSTRACT 
 
This study investigates the effect of load sweeps (3.5bar imep to 8.5bar imep) and fuel injection 
sweeps (SOI 3000bTDC to 1800bTDC) on the combustion and emissions characteristics of 2-
Methyl-tetrahydrofuran (MTHF) and 2-Methylfuran (MF), compared to Gasoline (ULG) in a 
Gasoline fuelled Direct Injection Spark Ignition engine (DISI). The Experiments were conducted 
at stoichiometric specific air–fuel ratio (λ = 1), and at the constant engine speed of 1500 rpm 
under a fuel optimized spark timing engine condition. At low loads of 3.5bar imep the difference 
in Peak cylinder pressure (Pmax) between the fuels investigated were insignificant. However, at 
high load of 8.5bar imep, Pmax for MF was observed to be about 21% higher than ULG and 
about 15% higher than MTHF due to shorter combustion duration for MF and lower octane 
number of MTHF. Gasoline displayed superior fuel consumption of about 30% compares to MF 
and about 23% compares to MTHF because of its higher energy density. The specific fuel 
consumptions for the fuels were found to increase as the fuel injection timing is retarded, and 
the combustion efficiency of the fuels increases as the fuel injection timing is advanced. MTHF 
with the highest adiabatic temperature produce the highest NOx emission compares to the other 
two fuels. However, MTHF has the lowest THC emission of the three fuels investigated. Gasoline 
consistently produced less isCO emissions than MTHF and MF, which is because gasoline is 
relatively easier to form homogenous combustible mixture due to its higher volatility property. 
 
Keywords: 2- methyl-tetrahydrofuran; 2-methylfuran; Gasoline, DISI, Combustion, Emissions,  

     Loads, Fuels, Injection, Timing. 
 
1. INTRODUCTION 
 
In  Direct Injection Spark Ignition Engine (DISI), the combustion and emissions characteristics 
are highly reliant on the fuel mixture quality. A better mixture can be obtained through the 
optimisation of nozzle parameters, injection pressure, and injection rate scheduling (Nik et al., 
2009 and  Park et al., 2014). Furthermore, it also depends on the start of injection (SOI) since 
the piston position influences the movement of air in the cylinder. This can potentially initiate a 
superior combustible mixture formation by a swirling motion (Nik et al., 2009 and Jayasankara 
et al., 2010). The injection timing significantly affects fuel-air mixing procedure and the mixture 
quality in the combustion chamber. The combustion stability, in DISI engine, is very sensitive to 
the fuel distribution near the spark plug.  
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As the fuel injection, timing varies, the state of the air into which the fuel is injected also changes 
and this varies the ignition delay (Abraham et al., 1985). Fuel researchers have focused 
attentions on furan-based fuels in the recent times due to the breakthrough recorded in its 
production method, which were reported by the Nature and Science journals (Haiqiao et al., 
2014, Roman et al., 2007 and Max et al., 2014) Domestic, Román, and Zhao have 
independently developed a highly efficient approach of converting fructose into MF and 2, 5-
dimethyl-furan (DMF) which was the process that enlisted methyl furan fuels into second 
generation fuel with significant large volume production (Zhao et al., 2007, Roman et al., 2010 
and Dumesic et a., 2007). Ethanol that is also currently produced in large quantities as a 
renewable engine fuel suffers from several limitations, including high water solubility, high 
volatility, and low energy density (Roman et al., 2010).  
 
This is the motivation for the extensive research into furan fuels as a substitute to ethanol. It 
was established that 2-methylfuran (MF) have some properties that are more favorable for SI 
engines (Narayanamoorthy, 2021). MF has a very low water solubility, which makes its gasoline 
blend more stable (Haiqiao et al., 2014). MF heat of vaporization is low (358.4 kJ/kg) compared 
to gasoline (373 kJ/kg) and ethanol (919.6 kJ/kg). The density of MF (913.2 kg/m3) is almost 
23% higher than that of gasoline (744.6 kg/m3) most significantly, MF can avoid the engine 
cold-start and combustion stability issues associated to ethanol due to its lower heat of 
vaporization resulting in better spray and vaporization properties. In addition, the HC emissions 
from MF are at least 61% lower than gasoline (Wang et al., 2013).  It was equally reported that 
MF has a better knock resistance than gasoline at full load. It makes possible a compression 
ratio increase of more than 3.5 units compared to gasoline leading to recorded efficiency 
improvements of up to 9.9 % at full load. However, higher emissions of nitrogen oxides remain 
a challenge in the combustion of furan-based fuels (Thewes et al., 2011).  
 
The problem of high NOx emissions from the combustion of MF is expected to be solved through 
the use of appropriate EGR rates. A significant downward trend in NOx emissions of fuels were 
reported most especially after introducing appropriate EGR rates (Pan et al., 2014). 2-Methyl 
tetrahydrofuran (MTHF) is a component of P-series fuels. Motivation for the use of MTHF as 
engine fuel is based on its low cost of production. It can be produced from waste cellulose at a 
cost as low as US$ 0.60 per gallon (Samuel et al.,1993). The blend with a higher MTHF 
percentage (40%) could produce significant reductions in HC and benzene emissions and 
increases in NOx. Investigation of pollutants formation of MTHF in laminar premixed flames 
revealed that ethylene is the largest HC specie produced for MTHF, instead of acetylene or 
unsaturated furan family fuels (Tran et al., 2013).  
 
When the fuel injection timing is retarded, the combustion chamber temperatures dropped, 
thereby reducing the emission of NOx by controlling spatial development of localized high 
temperature regions (Suryawanshi et al., 2005). However, there is considerable increase in CO 
emissions when the fuel injection is retarded.  It is well known that DI is an enabler for 
stratification in SI engines. However, little is known about the benefits of this strategy with MF 
and MTHF. This  study  investigates, the effect of SOI timing on a DISI engine fuelled with MF 
and MTHF . The single-pulse SOI timing sweeps were conducted at intermittent load of 5.5bar 
IMEP, with each fuel at the fuel injection sweep of (300-180°bTDCcomb every 20CAD). The 
optimum SOI timing for both gasoline, MF and MTHF was then determined. The study equally 
investigated the effects of loads sweeps from 3.5bar IMEP to 8.5bar IMEP on the combustion 
and emissions behaviour of MF and MTHF compares to gasoline. All tests were carried out at 
stoichiometric conditions and at 1500rpm engine speed. 
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2. EXPERIMENTAL SETUP 
 
2.1 Engine and instrumentation 
The experiments were performed using a single-cylinder spray-guided DISI engine. The engine 
specifications are as listed in Table 1. The engine was naturally aspirated with a throttle 
controlling the intake air flow rate. A direct current dynamometer was coupled to the engine to 
maintain a constant speed (±1 rpm). The engine was controlled by an in-house software written 
in LabView. All temperatures were measured with K-type thermocouple and all tests were 
conducted with coolant and lubricant oil temperatures maintained at 85±2 °C and at intake air 
temperature of 30±2 °C. Fig.1(a) illustrates the schematic of the engine testing system.  

 
Table1: Engine Specification 
Engine Type 4 Stroke ,4Valve 

Displacement 497cc 
Bore x Stroke 83mm x  92mm 
Compression Ratio 11.5:1 

Fuel Type, DI Pressure ULG and MF , MTHF 1 
Intake valve Opening 16.50 bTDC 
Exhaust valve Closing 36.70 aTDC 

 
There is an exhaust plenum chamber 8 times the swept volume of the cylinder located 15 cm 
downstream the exhaust valves which is very common in many experimental single-cylinder 
engine setups. The pressures fluctuations on the exhaust gases are reduced by passing it 
through the exhaust plenum before passing through the Lambda meter to measure the air fuel 
ratio. The engine test cell  of the University of Birmingham used for the experiment are indicated 
in fig1(b)The load test was performed over the range of 3.5bar to 8.5bar IMEP at constant fuel 
injection timing of 280CADbTDC.  
 
Secondly the effect of fuel injection timing was investigated across the SOI sweep of 300CAD 
bTDC to 180CAD bTDC at the intermittent loads of 5.5 bar IMEP. Both tests were conducted at 
constant engine speed of 1500 rpm (±1 rpm) and at the stoichiometric air−fuel ratio (AFR 
stoichiometric) or (λ = 1). In other to keep the engine speed constant irrespective of its torque 
output, it has a DC dynamometer coupled to it. The intake airflow was stabilised through a 100L 
intake buffer. The fuel injection pressure was maintained constant at 150 bar SGDI for the two 
tests. Table 2 displays the properties of the three tested fuels. The Gasoline used for the 
experiment was supplied by Shell Global Solutions, UK. ULG95 was chosen for this study 
because of its high-octane rating and its competitive characteristics market rating. The MF and 
MTHF used for the experiment were provided by Fisher Scientific, UK, with 99% purity level 
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Each of these experiments were conducted using the fuel-specific optimum spark timings, 
known as the Maximum Brake Torque (MBT) timings. Injection sweeps were performed for each 
fuel at interval ranging from 180bTDC to 280bTDC at 5.5bar IMEP. The crank shaft encoder 
signal determines the location of the piston relative to the top dead center (TDC) and is used by 
the ETCS software to control the injection, ignition, and variable valve timing. During this 
experiment all the control signals are based on the 1440TTL pulses per cycle clock signals 
(2pulse/cad). The gaseous emissions were quantified using a Horiba MEXA-7100DEGR gas 
tower. Exhaust samples were taken 0.3m downstream of the exhaust valve and pumped via a 
heated line (maintained at 191°C) to the analyser. Particulate matter (PM) emissions were 
measured using DMS 500 fast particulate analyser.  
 

Test fuels Properties 
 
Table2:  Base fuel Properties (Ma et al., 2013 and Wang et al., 2014) 
PROPERTIES Gasoline MF  MTHF 

Molecular formula C2-C14 C5H6O C5H10O 

Lower heating value MJ/Kg 42.9 31.2 
 

34.12 

Lower heating value MJ/L 31.9 27.63 28.97 

Research octane number 
(RON) 

96.8 103 88.2 

Motor octane number (MON) 85.7 86 71.2 

Stoichiometric air-fuel ratio 14.46 10.05 11.16 

Heat of vaporisation (KJ/Kg) 373 358 375.3 

Reid vapour Pressure (Kpa)  32.8 18.5 13.6 

Density 200c  (Kg/m3 744.6 913.2 854 

H/C ratio 1.795 1.8 1.96 

Gravimetric O2 content.(%) 0 19.49 18.58 

Initial boiling point (0c) 32.8 64 80.3 

Solubility in water (vol. %) Negligible 0.3 12.1 
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Fig 1: (a) Experimental setup  

 

 

 
Fig 2 Test Cell - University of Birmingham, UK 
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3 RESULTS AND DISCUSSION 
 
3.1 Effect of Engine load. 
The engine load was varied from 3.5bar IMEP to 8.5bar IMEP. The result of varying loads on the 
Peak cylinder Pressure Pmax, Coefficient of the combustion variation (Cov), combustion 
duration, fuel consumption, the indicated engine efficiency and the combustion efficiency are 
detailed below. The result of the gaseous emissions with the load variation was also detailed for 
the three fuels investigated. Horiba Mexa was used to measure the gaseous emission. 
 
3.1.1 Cylinder Peak Pressure Pmax and Cov 
The peak cylinder pressure (Pmax) as shown in figure2a was generally observed to increase as 
the load increases for MF, MTHF and the ULG. This is so because the cylinder temperature 
increases with load which leads to the corresponding increase in the cylinder pressure for 
MBT/KLSA timing. There are clear differences between the Pmax for the three fuels investigated 
across the loads. At low loads, of 3.5bar IMEP, Pmax of MF is about 4bar more than that of 
MTHF and the ULG. There is no clear-cut difference between the Peak pressure of MTHF and 
that of the ULG at this load. However, as the load advances a remarkable different exist between 
the Pmax for the three fuels and at 8.5 bar IMEP the Peak pressure of MF is about 21% more 
than that of the ULG and about 15% more than that of MTHF fuel.  
 
This is due to higher fuel burning temperatures of MF compared to gasoline and MTHF. There 
are two major factors that attribute to the significant high peak pressure for MF the possibility 
of advanced spark timing and short combustion duration. Shorter combustion duration for MF 
leads to more accumulated energy released around the Top Dead Centre (TDC), which has a 
significant positive effect on its peak in-cylinder pressure. The results of the combustion  
variation with the engine loads are reported in figure2b for the three fuels. The torque increase 
was noticed for the three fuels across the entire loads. MF and MTHF display significance 
combustion stability compares to ULG because of their factor of low water solubility. As shown 
in figure2b; COV for MTHF and MF was less as compares to ULG which COV between 3% and 
4%. The COV appears to increase with loads for the three fuels investigated 
 
3.1.2 Fuel consumption and Combustion duration 
As shown in figure3 (a); gasoline display superior fuel consumption across the entire load range 
due to its higher energy density compares to MTHF and MF. MTHF was observed to display 
improved fuel consumption quality compares to MF.  MF requires more fuel for the same load 
across the load range. Compared to ULG, MF consumes about 30% more fuel at the load of 
8.5bar IMEP, largely because the gravimetric LHV of MF 31.2 MJ/Kg is about 28 % less than 
that of gasoline 42.9MJ/Kg. MTHF was also observed to display an improved fuel consumption 
performance compares to MF. This is so because the lower heating value of MTHF 34.12 MJ/Kg 
is more than that of MF. Higher combustion temperatures generate greater heat loss through 
the cylinder walls reducing the conversion of fuel energy into useful work.  
 
The greater temperature rise of MF is mainly due to its lower ΔHvap compares to gasoline; 
despite requiring less energy to change phase, more energy is lost through higher combustion 
temperatures. This is also reflected in the specific fuel consumption. Figure 3(b) shows the 
variation in combustion durations CD between the three fuels. The MFB is calculated from the 
heat release analysis using the standard method described by Stone (Price et al., 2007). This 
variation in CD helps to explain the Pmax; lower CDs result in higher Pmax as the pressure rise 
occurs earlier in the expansion stroke. The shorter CD of MF indicates that it burns at faster rate 
compared to gasoline.  
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MF consistently has the shortest CD within the entire load range, whilst gasoline the longest. 
The difference in CD between MF, MTHF and gasoline increases with load. The maximum 
difference between MF and gasoline (4 CAD) can be seen at 8.5 bar IMEP and the minimum 
difference (2 CAD) is at 3.5 bar IMEP. The CD for MF at 8.5 bar IMEP and 3.5bar IMEP is about 
3 and 2 CAD respectively shorter than MTHF. The faster burning rate of oxygenized hydrocarbon 
was reported in the work of many authors (Wang et al.,2013, Aleiferis et al., 2013, Caims et al., 
2009 and Yeliana et al.,2008). This can also be used to explain why MF, like other oxygenated 
fuels, has a shorter CD compared to gasoline  However, MF burns faster than MTHF because 
the oxygen content of MF is more than that of MTHF. The benefit of shorter CD  for MF is higher 
combustion stability and Peak cylinder temperatures. 
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3.1.3 Indicated efficiency and Combustion efficiency. 
Thermal efficiency or engine indicated efficiency indicates the extent to which the energy added 
by heat (primary energy) is converted to network output (secondary energy). Thermal efficiencies 
can be given in terms of brake or indicated values.  indicated thermal efficiencies are typically 
50% to 60% and brake thermal efficiencies are usually about 30%. The Indicated thermal 
efficiencies (including pumping loss) at various loads for each fuel are shown in Fig.4a. The 
Indicated thermal efficiency performance of MF is better performance compared to  gasoline 
and MTHF across  the entire load range. The difference in the indicated efficiency between MF 
and the two other fuels are less prominent at 3.5bar IMEP.  
 
At this load there is no significant difference between the indicated efficiency for both MTHF and 
gasoline. However, at 8.5 bar IMEP, the difference in the indicated thermal efficiency between 
MF and MTHF was closing up to about 0.2% while the difference with gasoline was about 1% at 
this load. The indicated efficiency, however, does not explain the completeness of combustion. 
A measure of the completeness of combustion  requires an analysis of the incomplete 
combustion products (e.g., unburned hydrocarbons (HC) and carbon monoxide (CO) emissions), 
which represent the combustion Inefficiency. According to Heywood, the typical range of 
combustion efficiency, for spark-ignition engines operating under lean conditions, is between 
95–98% (Heywood, 1989). The results for this investigation are shown in Fig. 4(b). Between the 
three fuels, MF consistently offers the highest combustion efficiency, closely followed by MTHF 
and then gasoline. This is largely due to the relative oxygen content. Although, paradoxically, the 
oxygen hinders the fuel consumption Performance because it offers no additional energy, it does 
help to improve the completeness of combustion. The combustion efficiency described the 
completeness of combustion. The incomplete combustion is due to the unreleased chemical 
energy contained in incompletely combusted products such as CO, and unburned hydrocarbons. 
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3.2 Effect of fuel Injection Timing 
The effect of fuel injection timing on the combustion behaviour of the three fuels were 
investigated at the stoichiometric air fuel ratio and at the constant speed of 1500rpm at the 
intermittent loads of 5.5 IMEP. The results of the findings are reported in figure5a-c. The peak 
cylinder pressure as indicated in figure5a does not exhibit significant variation across the fuel 
injection sweep for the three fuels investigated. However, a little increment in peak pressure 
was observed as the fuel injection timing is advanced. It was observed that the maximum peak 
for the three fuels occur between 270bTDC and 280 bTDC. This is considered as the optimum 
fuel injection timing for the three fuels. The low peak pressure observed for the three fuels at 
the retarded fuel injection timing 180 bTDC was due to poor mixture quality in this region 
coupled with the limited time available for the combustion.  
 
The results of the three fuels investigated shows that advancing the fuel injection timing leads 
to corresponding increase in the peak cylinder pressure. This is explained by the fact that when 
fuel injecting occurs before the standard injection timing, the pressure and temperature of the 
charged air in the cylinder is less than that of the fuel when it is injected at standard injection 
timing. Thus, ignition delay of the injected fuel extends further and, simultaneously, the 
penetration of fuel spray enhances as a consequence, the reaction between fuel and air 
improves, which prepares a good mixture for burning (Rostamil et al., 2014). Moreover, by 
advancing the fuel injection timing, the fuel spray can promote the in-cylinder turbulence and 
help with mixing. When the injection timing is retarded, the fuel is injected into charged air that 
has a high temperature and pressure.  
 
As a result, the ignition delay decreases, and the fuel does not get enough time to mix well with 
the air. Combustion duration CD in CAD as shown in figure5b shows a significant reduction for 
the three fuels as the fuel injection timing is advance with the fastest combustion occurring at 
about 300bTDC  for both MF and ULG, and at about 280bTDC  for MTHF. This is explained by 
reduce charge cooling at early injection. Reduce charge cooling leads to increase wall transfer. 
The indicated thermal efficiency for the three fuels investigated was optimised at 240bTDC. 
Figure6a shows there  is significant variation in the percentage of the indicated efficiency across 
the fuel injection sweep MF recorded another peak at the 300Btdc. The Combustion efficiency 
for the three fuels as indicated in figure5c increases as the fuel injection timing advances. The 
optimal efficiency for the three fuels was observed at 240bTDC. The magnitude of the 
combustion efficiency variation across the fuel injection timing is not significant assuming a 
value ranging from 0.005% to 0.1%. The specific fuel consumption as shown in figure 6b has 
not shown much variation across the fuel injection timing sweep. Optimal fuel consumption for 
the three fuels investigated was observed to be around 280bTDC 
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Fig 6: (a) The effect of fuel injection timing at the Load of 5.5 bar imep on the Peak cylinder Pressure 

(b) Combustion Duration and (C) Combustion Efficiency 
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.  
 
 
. 

Fig 7: The effect of fuel injection timing at the Load of 5.5 bar imep on the  
(a) Specific Fuel Consumption. (b) Indicated Efficiency  

 
3.3 Gaseous Emission 
3.3.1   Effect of Load on Gaseous Emission of the combusted fuels 
 
The engine-out emissions are compared between the two fuels at the various loads; the 
regulated emissions were evaluated (HC, CO, and NOx). The isCO is shown infigure7a, the isCO 
emissions generally decrease as load increases. The trend is similar to the ISFCE. Between the 
two fuels, MF consistently produces the lowest isCO emissions. This is due to the higher oxygen 
content and combustion efficiency. The hydrocarbon or organics emission are the consequence 
of incomplete combustion of the hydrocarbon fuels. The most widely accepted causes of 
unburned organic compound in exhaust is the completeness of combustion. As shown in 
Figure7b, the indicated specific HC emission (isHC) for both MF and gasoline decreases with 
loads. However, the isHC emissions of MF are much lower compares to gasoline across the 
loads. It must be noted that these isHC emissions are uncorrected. The sensitivity of the FID 
analyser to oxygenated compounds has not been considered.  As the load increases from 3.5-
8.5bar IMEP, the isHC emissions decrease by approximately 30% for all the three fuels.  
 
This is due to increased Tmax and thus combustion efficiencies because of greater oxidation of 
the hydrogen and carbon molecules. As mentioned, the reduced sensitivity of the FID analyser 
to oxygenated fuels suggests that the total isHC emissions for MF are higher compares to 
gasoline (Cheng, 1998, Wallner, 2008) suggesting detailed HC emissions speciation for reliable 
analysis. This is so because MF have a higher oxygen content compared to non-oxygenated 
fuels. It is clear in Figure 7c that the isNOx emissions increase with loads.  This is because the 
formation of NOx increases very strongly with combustion temperature (Stone, 1999). Chemical 
kinetic shows that the formation of NO and other oxides of nitrogen increases very strongly with 
increasing flame temperature. Dissociation of diatomic nitrogen (N2) to monatomic nitrogen (N) 
is highly influenced by higher combustion reaction temperature and the more monatomic 
nitrogen (N) formed the more NOx (NO and NO2 combined) will be produce  
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When using gasoline MBT/KLSA. The unique advantage of MTHF as engine fuel is its lower isNox 
emissions compares to MF. The  isNOx emissions of MF is higher  compared to gasoline and 
MTHF. This is because MF burns faster at a higher temperature. The relative isNOx emissions 
can also be attributed to the H/C ratio. MF which produces the highest isNOx emissions has low 
H/C ratio (1.2), compares to gasoline (1.92) and MTHF with the H/C ratio of 2.0.  Though the 
H/C ratio of MTHF is about 0.8 higher than gasoline, MTHF burns at higher temperature 
compares to gasoline and this promotes higher formation of isNOx in MTHF compares to 
gasoline.  The high incident of IsNOx emissions of oxygenated fuel has been managed 
significantly by fuel researcher by the use of regulated Exhaust Gas Recyclelation. 
 

 
 
4. CONCLUSIONS 
 
What follows are conclusions based on our experiments and findings from the research 
 

 MF recorded the highest Peak cylinder Pressure of about 21% and 15% compares to 
ULG and MTHF respectively at full load. 

 ULG display superior fuel consumption of about 30% compares to MF and about 27% 
compares to MTHF because of its higher energy density. 
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 MF recorded a higher indicated efficiency and combustion efficiency compares to MTHF 
and the ULG. 

 MTHF with the highest adiabatic temperature produce the highest NOx emission 
compares to the other two fuels.  

 MF has the lowest THC emission of the three fuels, because of the increase oxygenation 
of MF as a biofuel which promotes the post oxidation of the unburn hydrocarbon thus 
reducing their HC emissions compares to the neat gasoline 

      
5. RECOMMENDATIONS 
 
Future experiments on the combustion and emissions of MTHF should focused on the use of 
the Exhaust gas recyclelation EGR to regulate the high NOx emission for MTHF and mitigate 
against the high incident of knock recorded for MTHF at high load. 
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Definitions and Abbreviations 
 

1. AFR- Air Fuel Ratio. 
2. aTDC- after Top Dead Center 
3. BNC- Bayonett Neili- Conceiman. Connector                                            
4. bTDC- Before Top Dead Center. 
5. CAD- Crank Angle Degree   
6. CO- Carbon Monoxide   
7. CO2-Carbon dioxide   
8. DI -Direct Injection.  
9. DISI- Direct Injection Spark Ignitions                                              
10. DMF- 2, 5 Dimethyl-furan.                                                                               
11. FID- Flame Ionisation Detector.                                                                      -  
12. FTIR- Fourier Transform Infrared Radiation                                                    
13. GC- Gas Chromatograph 
14. IMEP- Indicated Mean Effective Pressure. 
15. MBT- Maximum Brake Torque 
16. MF- 2- Methyl-furan 
17. MTHF- Tetra hydro-2-Methyl furan 
18. MBMS- Molecular Beam Mass Spectrometry. 
19. NOX- NO and NO2 
20. Ppm- Part per millions 
21. Rpm- Revolutions per minutes                                                                        
22. SGDI- Spray Guided Direct Injections. 
23. SOI- Start of Injections. 
24. TOC- Total Organics Compounds 
25. ULG- Unleaded Gasoline 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


