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Experiments were carried out in a direct injection compression ignition engine
fueled with diesel-dimethylfuran blends. The combustion and emission perfor-
mances of diesel-dimethylfuran blends were investigated under various loads rang-
ing from 0.13 to 1.13 MPa brake mean effective pressure, and a constant speed of
1800 rpm. Results indicate that diesel-dimethylfuran blends have different combus-
tion performance and produce longer ignition delay and shorter combustion dura-
tion compared with pure diesel. Moreover, a slight increase of brake specific fuel
consumption and brake thermal efficiency occurs when a Diesel engine operates
with blended fuels, rather than diesel fuel. Diesel-dimethylfuran blends could lead
to higher NO, emissions at medium and high engine loads. However, there is a sig-
nificant reduction in soot emission when engines are fueled with diesel-
dimethylfuran blends. Soot emissions under each operating conditions are similar
and close to zero except for D40 at 0.13 MPa brake mean effective pressure. The
total number and mean geometric diameter of emitted particles from diesel-
dimethylfuran blends are lower than pure diesel. The tested fuels exhibit no signifi-
cant difference in either CO or HC emissions at medium and high engine loads.
Nevertheless, diesel fuel produces the lowest CO emission and higher HC emission
at low loads of 0.13 to 0.38 MPa brake mean effective pressure.
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Introduction

With rapid development of industrialization and modernization, excessive consump-
tion of fossil fuels has become the major source of air pollution and severe energy crisis [1].
Hence, it is increasingly urgent to seek out alternative and sustainable energy to overcome the
challenges of energy shortage and pollutant emissions [2]. In particular, this search is highly
significant in terms of the internal combustion engine (ICE) for approximately 60% of fossil
fuels are consumed by transportation. According to current research, biofuels, such as ethanol
[3, 4], methanol [5, 6], biodiesel [7, 8], and n-butanol [9, 10], have shown great potential to
meet these challenges.

With sustained researches, increasing biofuels applicable for ICE are discovered. In
the past, dimethylfuran (DMF) did not give rise to widespread concern of researchers due to
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its inconvenience in production. A highly efficient way of their mass production method has
been successfully developed by investigators [11-14]. The properties of DMF are shown in
tab. 1. Compared with ethanol, which is the most widely used biofuel in ICE, DMF has signif-
icant strengths as an alternative biofuel [15].

Firstly, the energy density of DMF is 40% higher than that of ethanol and much
closer to gasoline (31.5 vs. 23 vs. 35 MJ/L). Secondly, compared to ethanol, DMF offers
higher initial boiling point, which largely prevents its volatilization to form a vapor lock. Fi-
nally, DMF is relatively water-insoluble, which benefits its storage steady and transport.
Therefore, DMF has great potential as a superior biofuel alternative.

Table 1. Properties of diesel, bioethanol, DMF, and gasoline [16-19]

Parameters Diesel Bioethanol DMF Gasoline
Chemical formula C,-Cys C,HsO C¢HgO Cy4-Cyp
Research octane number 20-30 109 101 96.8
Motor octane number - 90 88 85.7
Octane number - 108 119 90-99
Oxygen content [%] 0 34.78 16.67 0
Stoichiometric air-fuel ratio 14.3 8.95 10.79 14.7
Water solubility (wt.%, 20 °C) Negligible Miscible Negligible Negligible
Latent heat [kJkg™'] at 25 °C 270-301 919.6 332 373
Lower heating value [MJkg '] 42.5 26.9 33.7 429
Initial boiling point [°C] 180-370 78.4 92 32.8
Auto-ignition temperature [°C] 180-220 434 286 420

Several studies have been conducted to examine the combustion and emission per-
formance of engines fueled with DMF [20]. Researches on the combustion intermediates [21],
knocking propensity [22], laminar burring velocities, and Markstein length in a premixed lam-
inar DMF flame [23-25] are quite important to understand the fundamental combustion char-
acteristics. Wang et al. [16] and Zhong et al. [26] compared the combustion performances and
emissions of DMF with gasoline and ethanol in a single-cylinder gasoline direct injection
spark ignition (DISI) engine at different engine loads. The results showed that because of the
similar physicochemical properties, DMF exhibited similar combustion and emissions charac-
teristics to those of gasoline. Authors [17, 18, 27] researched combustion and emissions under
low temperature combustion fueled with diesel-DMF blends in a Diesel engine, and the re-
sults demonstrated that DMF20 (20% blending ratio by volume) led to much longer ignition
delay, which was the main factor in soot reduction, when the DMF blending ratio was 40%,
the trade-off relationship between NO, and soot disappeared and soot emissions were close to
zero. Daniel et al. [28] experimented the effect of spark timing and load on direct injection
engine fueled with gasoline, ethanol, and DMF. The results showed that DMF presented com-
parable combustion efficiency and emission qualities to gasoline and surpassed ethanol in cer-
tain cases. All results highlight that DMF has the potential to be a competitive alternative.

Currently, to the authors' knowledge, a little research has been conducted with die-
sel-DMF blends in different proportions and relatively comprehensive operating conditions in
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DICI engines. In present research, different mass fractions of DMF were blended with pure
diesel. The study focused on the combustion and emission characteristics at different mass
fractions and operating conditions.

Experimental

Engine and instrumentation

All experiments were conducted on a modified 4-cylinder, 4-stroke, water-cooled,
DICI engine coupled with a common rail fuel injection system, as illustrated in fig. 1(a). The
real experimental set-up is shown in fig. 1(b). The primary specifications of the engine are giv-
en in tab. 2. The engine was coupled to an eddy current dynamometer to maintain a constant
speed of 1800 rpm (5 rpm) regard-
less of the engine torque output. To
determine and monitor the desired |Type of engine
engine parameters, such as injection

Table 2. Engine specification

4-cylinder, 4-stroke

e e Bore 96 mm
timing and injected fuel mass, the

engine was modified with an electri- | Stroke 103 mm
cal control module (provided by |Compression ratio 17.5
Cheng Du ELECK Company, Chi- Displacement 2982 om’

na). The injection timing was fixed
ata 7.5 crank angle (°CA) before top | Rated power 85 kW

dead center (bTDC) by the ECTEK
ECU manager software.

The in-cylinder pressure was
measured using a Kistler 6025C

Rated speed 3200 rpm
Type of ignition Compression ignition
Method of starting Electric start

7.5 °CAbTDC

pressure sensor, which was flush- | nitial injection
fitted with the wall of the cylinder
head. The signals were delivered to a charge amplifier and later received by a CB-466 com-
bustion analyzer. The pressure data was taken every 0.25 °CA intervals for 100 consecutive
cycles, and then averaged. The signal of the TDC position was taken by a Holzer sensor fitted
in the crankshaft free wheel. In order to control the pressure and temperature of the intake air,

Exhaust-gas
analyzers M180

Co, co,,0,, combustion
HC, NO, DMS500 MKII

Fuel
consumption
Turbine t

Air out l F =

8|

Oil/water

cooler 3
o fl=—=1
Airin T T

— ‘Z' ]Intercooler

Intake Compressor
filter /
Charge amplifier

(a) Combustion  pata aequisition
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Figure 1. (a) Schematic and (b) real experimental set-up
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a supernumerary compressor and an air conditioning system were used. The intake air tem-
perature is stably maintained at 25 °C (£0.5 °C). The coolant temperature of engine was pre-
cisely stabilized at 85 °C by a temperature controller, while the lubricating oil temperature
varied from 87 °C (2 °C) as the load increases.

The gaseous emissions were measured using an AVL DIGAS 4000 gas analyzer
with resolution of 1 ppm for HC and CO and 0.1% for NO,. The smoke was measured by an
NH-T6 smoke opacimeter with resolution of 0.01 m'. Exhaust samples were pumped from
the exhaust port through a long tube to the analyzer. A mean of a differential mobility spec-
trometer (DMS500) was used to estimate the particle size distribution function (PSDF).

Test fuels and experimental procedures

The fuels in this study were conventional diesel fuel (China Petroleum and Chemical
Corporation) and DMF (99% purity, Ten Zhou Hong Li Biological Technology Co. Ltd.),
with properties shown in tab. 3. Different

Table 3. Properties of test fuels mass fractions of DMF (10, 20, 30, and

PR Diesel DMF 40%) were mixed with diesel fuel,
Density at 15 °C [kgem ] 906.36 832.62 marked as D10, D20, D30, and D40, re-

— spectively.
Flash point [°C] 63 -1 All tests were carried out at
Viscosity at 40 °C [Pas] 2.7 0.4285 1800 rpm, fixed injection timing
Cetane number 52.1 9 (7.5 °CA bTDC), ambient air intake
Jp— conditions (approximately 25 °C +1 °C).

R d at 95 °C [°C 345-350 - K

cooverra [l Engine load was changed from 10% to

90% at a 20% increment corresponding to brake mean effective pressure (BMEP) of 0.13,
0.38, 0.63, 0.88, and 1.13 MPa, respectively. To guarantee the reliability and repeatability of
all experimental data, the engine was firstly warmed up to steady condition, while tempera-
tures of coolant and lubricating oil were kept at 85 °C and 87 °C, respectively. Then all the
measurement data including control parameters, in-cylinder pressure data, and emission were
recorded for off-line analysis. To purge the fuel supply system and ensure no residual fuel af-
ter each experiment, the engine is sustained to operate for long enough before data acquisition
after changed to a new fuel. Each measurement data was acquired for twenty times so as to
guarantee the reliability of results.

Results and discussion

Combustion characteristics

Both in-cylinder pressure and corresponding heat release rate curves of tested fuels
were compared at engine loads of 0.13 MPa, 10% load, fig. 2(a), or 0.88 MPa, 70% load,
fig. 2(b). For comparison, the motoring pressure curve is also given. For different fuels, the
in-cylinder pressures closely follow the motoring pressure before —7.5 °CA aTDC. The fig-
ures show that the shapes of the in-cylinder pressure and heat release rate curves of the die-
sel-DMF blends are similar to that of pure diesel at the same operating conditions. At 10%
engine load, the maximum in-cylinder pressure, pm.., decreases and occurs further from
TDC with the increase of DMF mass fraction in the blended fuels. However, at 70% engine
load, puax rises with the increase of DMF mass fraction, which is opposite to the changing
trend at 10% engine load.
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BMEP = 0.13 MPa, n = 1800 rpm BMEP = 0.88 MPa, n = 1800 rpm
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Figure 2. In-cylinder pressure and heat release rate at: (a) 0.13MPa BMEP and (b) 0.88 MPa BMEP

The peak heat release rate is observed to increase and occurs further from TDC, both
at 10% and 70% engine loads, with the increase of DMF mass fraction, which is similar to the
results of Zhang et al. [17]. These results indicate the delayed start of combustion and signifi-
cantly prolonged ignition delay, which leads to more fuel combusted in the premixed phase,
resulting in higher peak heat release rate [27]. At the diffusion combustion phase, the diesel-
DMEF blends provide a higher heat release rate than pure diesel does, indicating that the diffu-
sive combustion is improved because of the higher oxygen content in the blended fuels.

Figure 3(a) presents the ignition delay vs. engine load for the five tested fuels. Ignition
delay is defined as the crank angle interval between the start of injection and 10% of the total
heat release. It can be observed from fig. 3(a) that ignition delay is prolonged with the increase
of DMF fraction, which could be explained from the perspective of fuel properties. The octane
number of DMF is considerably higher than that of diesel fuel. Generally, a higher octane num-
ber corresponds to a lower cetane number, which together with higher auto-ignition temperature
mainly explains the longer ignition delay of blended fuels. Moreover, the higher latent heat
from DMF vaporization is another important cause of lower combustion temperature and there-
upon increased ignition delay. The differences of ignition delay among tested fuels become
small at high loads because of the high temperature and pressure that suppress the influence of
fuel properties on ignition delay. Especially at 10% engine load, the longer ignition delay of all
fuels may be attributed to the lower equivalence ratio, as shown in fig. 4.
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Figure 3. (a) Ignition delay and (b) combustion duration at various loads
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e Disal Figure 3(b) illustrates the effects of fuel
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z fractions burned. The combustion duration is ev-
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load, which is mainly caused when more fuel is

02} burned. However, the increase of DMF fraction

L L L - leads to prolonged ignition delay and curtailed
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BMEP [MPa] combustion duration. Low cetane fuels have an

overly long ignition delay. Therefore, most of the
fuel is injected before ignition occurs, leading to
the generation of a more combustible mixture and a notably rapid burn rate [27]. According to
the study by Donahue and Foster [29], blended fuels with higher oxygen content in the spray re-
duce pyrolysis and promote oxidation, thereby shortening the combustion. The longest combus-
tion occurs to D40 at 0.13 MPa BMEP, primarily due to its overly long ignition delay.

Figures 3(a), 3(b), and 4 demonstrate that there is considerable difference between
D40 and other tested fuels at low loads, such as much longer ignition delay and combustion,
considerably lower in-cylinder pressure, and lower heat release rate. A lower cetane number
and higher latent heat of vaporization cause D40 to be more difficult to combust completely
and even may cause misfire [30], which indicates 40% of DMF in the blended fuel is close to
the limit ratio at which blended fuels can burn in-cylinder.

Figure 4. Equivalence ratio

Brake specific fuel consumption and thermal efficiency

Figures 5(a) and 5(b) show the brake power, brake specific fuel consumption
(BSFC) and brake thermal efficiency (BTE) which are calculated from the engine torque, en-
gine speed, fuel consumption rate, and lower heating value.
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Figure 5. (a) BTE and (b) BSFC at various loads

As shown in fig. 5(a), the BSFC curves of all tested fuels have the same trend that
BSFC decreases with the increase of engine load. The BSFC increases with the blended pro-
portion of DMF. For D10, the BSFC has less difference than that of diesel fuel, however, both
values are lower than that of the remaining tested fuels, especially D40. The lower calorific
value of DMF compared with that of diesel fuel primarily contributes to the increase in BSFC.
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Obviously, the BSFC of D40 is much higher than that of the other tested fuels, particularly at
low and medium engine loads. These results are due to the excessive DMF in the blended fuel
that leads to poor in-cylinder combustion.

In contrast with BSFC, the BTE increases with engine load rise, as shown in fig. 5 (b).
However, the BTE of diesel fuel decreases at 1.13 MPa, indicating the deterioration in engine
performance at this engine load. The BTE of D40 is 2.8% lower than that of pure diesel fuel
at low engine loads, which results from poor D40 combustion. The BTE of all of the blends
expect D40 are higher than that of diesel fuel, the values increase with engine load rise. Oth-
erwise, BTE also increases with the increase of DMF proportion, which is primarily due to
the improvement of the combustion process on account of increased oxygen content in the
blends. Meanwhile, the increase of DMF fraction leads to shorter combustion duration, which
increases the degree of constant volume combustion. With the increase of DMF fraction, the
blends obtain better volatility, which allows the blends to form more-uniform charged mix-
tures and improve the combustion process. The BTE of D30 increases by 6.4% at an engine
load of 0.88 MPa compared to pure diesel.

Effects of DMF fuel properties on pollutant emissions

The engine emissions are compared between the tested fuels at various loads. The
legislated emissions are evaluated, including NOy and soot emission, and HC and CO emis-
sions are subsequently analyzed.

Figure 6(a) shows the comparison of NOy emissions under different engine loads for
all tested fuels. Generally, the rising engine load, which leads to higher in-cylinder tempera-
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Figure 6. Emissions of different fuels at various loads: (a) NOy, (b) soot, (¢) HC, and (d) CO
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ture, largely promotes the formation of NOy [31]. The increased DMF proportion in the blends
causes two circumstances for NOy formation. Firstly, at low engine loads (0.13 MPa), the
NOy emission of diesel fuel is lower than that of D10 but higher than that of the other fuels.

The oxygen content and cetane number are two main influence factors on the for-
mation of NO. Compared with diesel fuel, the 10% DMF increases the oxygen content in
D10 which, in turn, can significantly improve the combustion process and lead to higher in-
cylinder temperature. Despite the higher oxygen contents, D20, D30, and D40 also have lower
cetane numbers than D10, which aggravate combustion and counteracts the effect of higher
oxygen content. The interaction of these two factors leads to lower in-cylinder temperature.
Secondly, at medium and high loads (from 0.63 to 1.13 MPa, respectively), the formation of
NOy is promoted by the increase of DMF fraction. These results occur because the in-cylinder
temperature becomes higher at medium and high loads, so the oxygen content imposes a
much more significant effect than cetane number does.

Figure 6(b) presents the effects of engine load and blends on soot emissions. Obvi-
ously, with the increase of DMF fraction, soot emissions decrease greatly, similar to the re-
sults of Zhang et al. [17] for the following reason. Firstly, DMF addition leads to longer igni-
tion delays. The extended ignition delay makes more time available for premixing, which re-
duces soot formation. Meanwhile, the decrease of the amount of the fuel burned reduces the
exhaust smoke. Secondly, DMF is an oxygenated fuel. Soot is primarily produced during the
diffusive combustion phase [32]. Therefore, adding oxygenates to diesel fuel can reduce en-
gine soot emissions because oxygenates improve the diffusive combustion and promote the
post-flame smoke oxidation in the late expansion and exhaust processes. Ren et al. [33] found
that soot reduction was strongly related to the oxygen mass fraction in the blends and less re-
lated to the type of oxygenate.

Figure 6(c) displays the comparison of HC emissions vs. engine loads for the tested
fuels. Above engine loads of 0.38 MPa BMEP, HC emissions are not significantly different
and are very low. Prior to these findings, the HC emissions decrease rapidly from 0.13 to 0.38
MPa BMEP for each fuel. Compared to diesel fuel, the HC emissions from D10, D20, and
D30 decrease sharply at low loads, and are maximized from D40. The high temperature leads
to slight HC emissions from each fuel at medium and high loads. The fuel oxygenation that
enhances the HC oxidation and lowers the volatility may primarily explain why blended fuels
produce less HC emissions at low loads compared with pure diesel. Daniel et al. [31] suggest
that the lower volatility mainly accounts for the difference of HC emission at low engine
loads. The incomplete combustion of D40 leads to the highest HC emissions at low loads.

The CO emissions of the studied fuels at various loads are displayed in fig. 6(d). Simi-
lar to HC emissions, CO emissions decrease rapidly with the rising load from 0.13 to 0.38 MPa
BMEP. Compared with diesel fuel, the blended fuels produce higher CO emissions at low loads
of 0.13 to 0.38 MPa. Meanwhile, the higher the fraction of DMF is, the higher the CO emis-
sions are. Above 0.38 MPa BMEP, CO emissions are relatively consistent and are notably low.

The lower CO emissions are the indicators of complete combustion; thus, more com-
plete combustion occurs. A notably higher auto-ignition temperature of blended fuels leads to
more unburned fuel. Thus, the CO emissions at low in-cylinder temperature at low engine loads
occur. In general, CO emissions as the intermediate products of chemical kinetics can be rapidly
oxidized to CO, when the combustion temperature exceeds 1400 K. At medium and high loads,
as more fuel is burned, the high in-cylinder temperature reduces the CO emissions.

The PSDF of pure diesel, D10, and D30 at engine loads of 0.88 MPa (70% load) are
shown in fig. 7. Compared with pure diesel, the blended fuels produce less total number of
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particles. The maximum peaks which reflect
mean geometric diameter, D,, of the particles
decrease with the increase of DMF mass frac-
tion in the blended fuels. Also, blended fuels
showed the lower particle concentrations at all
size than pure diesel. The oxygenated fuel such
D10 and D30 may conduce to better fuel oxida-
tion in the fuel-rich zone where the soot likely
forms [34]. This would result in lower total
number and smaller size of particles. Further-
more, as biofuel, DMF has no C-C chemical
bond which would help to reduce particles for-
mation.
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Figure 7. Particle number size distribution at
0.88 MPa BMEP

Conclusions

A series of experiments on a common-rail medium-duty commercial Diesel engine

were conducted to examine the combustion and emissions characteristic of DMF. Five types
of DMF-diesel blends were tested during the experiments, including pure diesel fuel, D10,
D20, D30, and D40 blends. The main conclusions are as follows.

The D10, D20, and D30 show similar combustion characteristics as diesel fuel. With in-
crease of DMF mass fraction, the maximum in-cylinder pressure occurs further from
TDC, leading to longer ignition delay and shorter combustion duration.

Due to high auto-ignition temperature and oxygen content, the diesel-DMF blends exhibit
longer ignition and shorter combustion duration than pure diesel.

The BSFC increases with the increase of DMF proportion in blends fuel. However, ex-
cept for D40, the BTE of diesel-DMF blends is higher than pure diesel.

Blends with DMF produce lower HC but higher CO than pure diesel at low loads of 0.13
to 0.38 MPa BMEP. Above engine loads of 0.38 MPa BMEP, HC, and CO emissions are
not significantly different and are very low. Meanwhile, NO, emissions increases with the
increase of DMF fraction in blends fuel at medium and high loads of 0.63 to 1.13 MPa
BMEP.

Soot emission from blends with DMF is significantly reduced compared to pure diesel.
Meanwhile, both the total number and D, of emitted particle are lower when fueled with
DMF-diesel blends, making DMF superior fuel for Diesel engine.

High DMF fraction in fuel blends is not suitable for DICI engine. D40 exhibit significant
poor combustion performance (much higher BSFC and lower BTE) compared with pure
diesel, indicating that indicating that D40 arrived reached at the critical point of which the
engine operation.

Acknowledgment

The authors would like to thank the National Natural Science Fund of China (No.

21377101), National Natural Science Fund of China (No. 51276132) and Wuhan University
of Technology for financial support to this study.

Reference

[1] Kagawa, S., et al., Role of Motor Vehicle Lifetime Extension in Climate Change Policy, Environmental

Science & Technology, 45 (2011), 4, pp.1184-1191



Xiao, H., et al.: An Experimental Study of the Combustion and Emission ...
552 THERMAL SCIENCE, Year 2017, Vol. 21, No. 1B, pp. 543-553

[2] Agarwal, A. K., Biofuels (Alcohols and Biodiesel) Applications as Fuels for Internal Combustion En-
gines, Progress in Energy and Combustion Science, 33 (2007), 3, pp. 233-271

[3] Mariasiu, F., et al., Effects of Bioethanol Ultrasonic Generated Aerosols Application on Diesel Engine
Performances, Thermal Science, 19 (2015), 6, pp. 1931-1941

[4] Stojiljkovi¢, D., et al., Mixtures of Bioethanol and Gasoline as a Fuel For SI Engines, Thermal Science,
13 (2009), 3, pp. 219-228

[5] Cheung, C. S., et al., Regulated and Unregulated Emissions from a Diesel Engine Fueled with Biodiesel
and Biodiesel Blended with Methanol, Atmospheric Environment, 43 (2009), 32, pp. 4865-4872

[6] Murcak, A., et al., Effect of Injection Timing to Performance of a Diesel Engine Fuelled with Different
Diesel-Ethanol Mixtures, Fuel, 153 (2015), 3, pp. 569-577

[7] Vancoillie, J., et al., Development and Validation of a Quasi-Dimensional Model for Methanol and Eth-
anol Fueled SI Engines, Applied Energy, 132 (2014), Nov., pp. 412-425

[8] Singaram, L, Biodiesel: An Eco-Friendly Alternate Fuel for the Future: A Review, Thermal Science, 13
(2009), 3, pp. 185-199

[9] Tan, P. Q., et al., Exhaust Emissions from a Light-Duty Diesel Engine with Jatropha Biodiesel Fuel, En-
ergy, 39 (2012), 1, pp. 356-362

[10] Kousoulidou, M., et al., Biodiesel Blend Effects on Common-Rail Diesel Combustion and Emissions,
Fuel, 89 (2010), 11, pp. 3442-3449

[11] Binder, J. B., Raines, R. T., Simple Chemical Transformation of Lignocellulosic Biomass into Furans for
Fuels and Chemicals, Journal of the American Chemical Society, 131 (2009), 5, pp. 1979-1985

[12] Li, C. Z., et al., Production of 5-Hydroxymethylfurfural in lonic Liquids under High Fructose Concen-
tration Conditions, Carbohydrate Research, 345 (2010), 13, pp. 1846-1850

[13] Roman-Leshkov, Y., et al., Production of Dimethylfuran for Liquid Fuels from Biomass-Derived Car-
bohydrates, Nature, 447 (2007), June, pp. 982-985

[14] Yu, S., et al., Single-Step Conversion of Cellulose to 5-Hydroxymethylfurfural (HMF), a Versatile Plat-
form Chemical, Applied Catalysis a-General, 361 (2009), 1, pp. 117-122

[15] Christensen, E., ef al., Renewable Oxygenate Blending Effects on Gasoline Properties, Energy & Fuels,
25(2011), 10, pp. 4723-4733

[16] Wang, C., et al., Combustion Characteristics and Emissions of 2-Methylfuran Compared to 2,5-
Dimethylfuran, Gasoline and Ethanol in a DISI Engine, Fuel, 103 (2013), 1, pp. 200-211

[17] Zhang, Q. C., et al., Combustion and Emissions of 2,5-Dimethylfuran Addition on a Diesel Engine with
Low Temperature Combustion, Fuel, 103 (2013), 1, pp. 730-735

[18] Chen, G. S., et al., Experimental Study on Combustion and Emission Characteristics of a Diesel Engine
Fueled with 2,5-Dimethylfuran-Diesel, n-Butanol-Diesel and Gasoline-Diesel Blends, Energy, 54
(2013), 1, pp. 333-342

[19] Rothamer, D. A., Jennings, J. H., Study of the Knocking Propensity of 2,5-Dimethylfuran-Gasoline and
Ethanol-Gasoline Blends, Fuel, 98 (2012), Aug., pp. 203-212

[20] Qian, Y., et al., Recent Progress in the Development of Biofuel 2,5-Dimethylfuran, Renewable & Sus-
tainable Energy Reviews, 41 (2015), Jan., pp. 633-646

[21] Somers K. P., et al, A Comprehensive Experimental and Detailed Chemical Kinetic Modelling Study of
2,5-Dimethylfuran Pyrolysis and Oxidation, Combustion and Flame, 160 (2013), 11, pp. 2291-2318

[22] Daniel, R., et al., Effect of Spark Timing and Load on a DISI Engine Fuelled with 2,5-Dimethylfuran,
Fuel, 90 (2011), 2, pp. 449-458

[23] Wu, X. S..et al., Laminar Burning Characteristics of 2,5-Dimethylfuran and Iso-Octane Blend at Elevat-
ed Temperatures and Pressures, Fuel, 95 (2012), 1, pp. 234-240

[24] Wu, X. S., et al., Identification of Combustion Intermediates in a Low-Pressure Premixed Laminar 2,5-
Dimethylfuran/Oxygen/Argon Flame with Tunable Synchrotron Photoionization, Combustion and Fla-
me, 156 (2009), 7, pp. 1365-1376

[25] Wu, X. S., et al., Measurements of Laminar Burning Velocities and Markstein Lengths of 2,5-
Dimethylfuran-Air-Diluent Premixed Flames, Energy & Fuels, 23 (2009), 9, pp. 4355-4362

[26] Zhong, S. H., et al., Combustion and Emissions of 2,5-Dimethylfuran in a Direct-Injection Spark-
Ignition Engine, Energy & Fuels, 24 (2010), 5, pp. 2891-2899

[27] Liu, H. F., et al., Effects of Fuel Properties on Combustion and Emissions under Both Conventional and
Low Temperature Combustion Mode Fueling 2,5-Dimethylfuran/Diesel Blends, Energy, 62 (2013), 6,
pp- 215-223


http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=3BGiWFqdprLzEOkffpN&field=AU&value=Mariasiu,%20F&ut=2001323447&pos=%7b2%7d&excludeEventConfig=ExcludeIfFromFullRecPage
http://xueshu.baidu.com/s?wd=author%3A%28Dragoslava%20Stojiljkovic%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson

Xiao, H., et al.: An Experimental Study of the Combustion and Emission ...
THERMAL SCIENCE, Year 2017, Vol. 21, No. 1B, pp. 543-553 553

[28] Daniel, R., et al., Effect of Spark Timing and Load on a DISI Engine Fuelled with 2,5-Dimethylfuran,
Fuel, 90 (2011), 2, pp. 449-458

[29] Donahue, R., Foster, D. E, Effects of Oxygen Enhancement on the Emissions from a DI Diesel Via Ma-
nipulation of Fuels and Combustion Chamber Gas Composition, SAE technical paper, 2000-01-0512,
2000

[30] Tamura M., et al., Misfire Detection on Internal Combustion Engines Using Exhaust Gas Temperature
with Low Sampling Rate, Applied Thermal Engineering, 31 (2011), 17-18, pp. 4125-4131

[31] Daniel, R., et al., Combustion Performance of 2,5-Dimethylfuran Blends Using Dual-Injection Com-
pared to Direct-Injection in a SI Engine, Applied Energy, 98 (2012), 5, pp. 59-68

[32] Velasquez, M., et al., Chemical Characterization of Soot Precursors and Soot Particles Produced in Hex-
ane and Diesel Surrogates Using an Inverse Diffusion Flame Burner, Fuel, 104 (2013), Feb., pp. 681-
690

[33] Ren, Y., et al., Combustion and Emissions of a DI Diesel Engine Fuelled with Diesel-Oxygenate Blends,
Fuel, 87 (2008), 12, pp. 2691-2697

[34] Chuepeng, S., et al., Particulate Matter Size Distribution in the Exhaust Gas of a Modern Diesel Engine
Fuelled with a Biodiesel Blend, Biomass & Bioenergy, 35 (2011), 10, pp. 4280-4289

Paper submitted: May 26, 2016 © 2017 Society of Thermal Engineers of Serbia.
Paper revised: July 23, 2016 Published by the Vinca Institute of Nuclear Sciences, Belgrade, Serbia.
Paper accepted: August 20, 2016 This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions.


http://www.vin.bg.ac.rs/index.php/en/




	14 ThSci2016.170.pdf
	prazna strana


<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /LeaveColorUnchanged

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 300

  /ColorSettingsFile ()

  /CompatibilityLevel 1.3

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /ESP <>

    /FRA <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

  >>

  /DetectBlends true

  /DetectCurves 0.10000

  /DoThumbnails false

  /DownsampleColorImages false

  /DownsampleGrayImages false

  /DownsampleMonoImages false

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 300

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 1200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputIntentProfile (None)

  /PDFXRegistryName ()

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Remove

  /UCRandBGInfo /Remove

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [2159.000 2794.000]

>> setpagedevice



