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The present work investigates experimentally and numerically the combustion of methane
coupled to biodiesel and diesel in dual fuel mode. The engine used is a single-cylinder
Lister-Petter_01005299_TS1 modified for bi-fuel operation with a pre-chamber in the
intake to allow methane to enter with the air. For this, we use three distinct fuels,
conventional D100 diesel, B100 biodiesel and methane. The first two fuels are first burned
independently under the same conditions independently under the same conditions using

the double Wiebe phase. The numerical results obtained of this first combustion of B100
and D100 compared to the measured results show an agreement of 2% and 1.07%
respectively for biodiesel and diesel allowing the validation of the numerical code. Next,
we add methane to the air during the intake phase for the previously tested D100 and B100
fuels used as a pilot fuel in order to observe the impact of methane on cylinder pressure,
nitrogen oxide emissions and heat release. The combustion model used is a two-zone 0D,
one representing the burnt gases and the other the unburnt gases. The results showed a
decrease in cylinder pressure and a large reduction in nitrogen oxide emissions of about
26.67% and about 48.76% when burning B100 biodiesel at medium load. The results also
showed that the addition of methane to the air reduces the overall heat release of both fuels
around TDC by 10.76% and 5.4% for biodiesel and diesel, respectively. But that in the
diffusion phase, dual fuel combustion shows a higher heat release for diesel. It was also
observed that peak pressures were reduced by 2.35% in the case of diesel compared to
7.45% for biodiesel.

1. INTRODUCTION

Fossil fuel reserves are exhaustible fuels, in addition to
being relatively polluting and emitting greenhouse gases.
Today, thermal engines consume the majority of this type of
fuel, which is a major concern for this sector of activity. For
years, automotive research has focused on alternative fuels
that can solve the triple problem of energy savings,
environmental protection and engine efficiency. As far as
alternative fuels are concerned, dihydrogen is produced by the
electrolysis of water. It represents a fairly energetic fuel, an
alternative to fossil fuels apart from its own storage
constraints. However, the storage of hydrogen and its safety
index remain problematic in the field of passenger transport.
In this case, natural gas appears to be a serious alternative.
Natural gas is in great demand due to the large quantities that
constitute the world's reserves, because of its high octane
number and its ecological character [1], as is hydrogen [2].
Biogas is cheap and abundant in nature and can be easily
recovered through the methanisation process. Despite these
advantages, diesel is still the most useful fuel for compression-
ignition engines. The most significant advantages of diesel
fuel are its relatively high calorific value and its availability to
meet logistical and operational requirements. The cetane
number of diesel and its ignition delay are favourable for the
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initiation of compression self-ignition. However, due to its
unsustainable nature, particularly its combustion, which has a
relatively high rate of nitrogen oxide emissions as well as
particulate matter, this type of fuel is being phased out in
favour of biofuels. Pending the completion of the ambitious
programme of energy transition to electricity, it is necessary to
find useful alternatives. These alternatives concern precisely
the fuels of heavy engines, the adaptation of which to electric
energy remains problematic. The combination of fuels, the
dual fuel mode, is a solution whose effectiveness has been
proven. Dual fuel consists of burning a primary fuel and then
another fuel with high activation energy [3-5]. The work of
Abo-Elfadl et al. [4] on the simulation of a dual fuel engine
running on natural gas and conventional diesel has established
a simulation model for the combustion of natural gas. The
author shows that that depending on the proportion of natural
gas added to the engine during the intake phase and the engine
load, emissions are reduced compared to conventional diesel.
De Robbio et al. [3] in the simplified diesel/natural gas
mechanism containing 645 reactions and 155 species
established a model for reducing pollutant emissions. Said et
al. [6] conducted an experimental study on the effects of low
loads and biogas injection pressure on the performance of the
biogas-diesel engine at 1600 rpm. The results showed that a
biogas injection pressure of 1 to 5.5 bar would reduce NOx
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and PM emissions by 1.94% to 77.42% respectively, as well
as the cylinder pressure. The results of a study by Jia [5]
showed up to 50% reduction in NOx and PM. However, the
amount of carbon monoxide (CO) and unburnt hydrocarbons
(HC) increases due to the poor combustion generated by the
reduction of air during the intake phase. This observation
requires a good calibration of the richness of the medium to
obtain efficient combustion. In this sense, Aklouche et al. [7]
showed that by varying the richness of the bi-fuel mixture
from 0.35 to 0.7, HC and CO emissions are reduced by 77%
and 58% respectively. NOx emissions were reduced by 24%.
Papagiannakis and Hountalas [8] also analyzed the influence
of gas flow on dual fuel combustion at different operating
ranges. This analysis revealed a decrease in cylinder pressure
by adding gas to the diesel combustion at medium load.
Indeed, for medium operating ranges, the premixing phase
takes place in lean burn, the flame develops and the cylinder
pressure decreases. In lean burn, the flame does not propagate
properly, which would lead to the relative increase of CO and
HC emissions. This phenomenon would result in lower peak
pressures and temperatures in dual fuel mode and,
consequently, a reduction in nitrogen oxides [1, 5, 6, 8, 9].
With regard to alternative fuels, biofuels have been explored
for decades and their performance shows that they are
comparable to conventional diesel from an economic point of
view. they are comparable to conventional diesel from an
energy point of view, as shown by Oni et al. [2]. working on
the impact of Moringa biodiesel on the combustion of
compressed natural gas with hydrogen in single and dual fuel
mode, the authors show that the proportion of biodiesel used
as a pilot fuel reduces both nitrogen oxides, carbon monoxide
and unburned hydrocarbons. Abo-Elfadl et al. [4], in their two-
zone model, simulate the combustion of an internal
combustion engine. In their two-zone model, Abo-Elfadl et al.
[4] simulate the combustion of a dual fuel engine fuelled by
natural gas and diesel. The authors increase the volumetric
efficiency of the engine by 8.7% and observe that the
combustion of natural gas is slow and leads to a reduction in
efficiency of about 3.5% and reduces NOx and PM emissions
in dual fuel mode by about 28.6% and 86% respectively.
Kamta Legue et al. [10] show that at 100% load, the peak
pressure difference between Neem biodiesel and conventional
diesel is 3.3%. This result was observed by several other
researchers in studies of biodiesels in general, which
encouraged the implementation of techniques to regulate the
cylinder pressure during dual fuel combustion during biofuel
combustion. The aim was to increase the longevity of the
biofuel engine and reduce the resulting NOx emissions [7-12].
The solutions considered were relatively related to reducing
the engine load. In addition, several authors show that the
composition of diesel-biodiesel blends in appropriate
proportions is one of the solutions to reduce this cylinder
pressure [9-13]. The coupled reduction of pollutants in
particular and of cylinder pressures when using biofuels
remains a problem for diesel engines to this day. According to
several researchers, dual fuel remains a reliable solution to the
trade-off between energy saving, environmental preservation
and engine efficiency. The use of methane as an alternative
fuel has long been proven. In dual fuel mode, this requires the
use of a pilot fuel capable of initiating global methane
combustion. This study proposes to replace diesel by Neem-
based biofuel, which has interesting predispositions, including
a higher cylinder pressure than diesel combustion, a relatively
high cetane number and a viscosity that decreases
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proportionally with increasing engine speed. The objective of
this study is to analyse the effects of burning methane as the
primary fuel and Neem-based biodiesel as the pilot fuel in dual
fuel mode. The implementation of this combustion mode
combined with methane and Neem could improve the
combustion efficiency and reduce some pollutant emissions as
well as the combustion efficiency. An experimental study
combined with numerical modelling could explain the effect
of using methane and biodiesel on the heat release and NOx
emissions of a compression-ignition engine.

2. METHODOLOGY
2.1 Methods and materials of dual fuel combustion

The combustion model used in this paper is the 0D
combustion model with two zones; one zone constituting the
burnt gases and the other representing the unburnt gases in the
cylinder. To achieve the objective, we coupled to the 0D
model, an injection system, a self-ignition, a mass fraction
evolution law, a correlation for the evaluation of the heat
losses and a sub-model for the evolution of the chemical
species is considered under the assumption of chemical
equilibrium leading to the evaluation of the polluting
emissions [13-17]. The energy released during the combustion
reaction is contained in the relation giving the internal energy
of the system; we then have

dU = oW +5Q+ > h,dm, (1)

where, dU represents the change in internal energy of the
system, oW represents the work supplied by the piston to the
system, 0Q represents the amount of heat released. The term
> hidm; represents the energy due to the change in temperature.
The energy due to the change in mass. In our work, the parietal
heat losses are modelled using the Woschni postulate. The
transformation and simplification of Eq. (1) in the burnt gas
region, allows us to obtain the following system of differential
equations as a function of the crank angle 6 [4].

dNO 1 661015 69090
= JI0]. [N, ], exp| -
d_p 1d_m 1y ld_T_ldV ; ,
do mdé r, do Tdo V do 2
0 _0Quu 9Qu _ 9N dQ,
do do do do do

where, P and T represent pressure, cylinder temperature, y the
ratio of specific heats, 6 the crankshaft angle, and V the
cylinder volume. Where the expression for volume is governed

by Eq. (2) - Eq. (8).

(1—cos(0) +A—JA% —sin*(0) +il) 3)
o

zD?*C

V(o) =

d . .
The term é represents the change in cylinder volume V'

. d .
with respect to the crankshaft angle. The term £ representing
the total heat release rate of the system has the expression:
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(4)

During the combustion of the dual fuel, methane is first
injected into the air during the intake phase. This methane is
then considered as the main fuel and the other two fuels
namely Diesel D100 and B100 biodiesel are considered as the
pilot fuel. The percentage S of the main fuel and the pilot fuel
being regulated by the inflows of the two fuels according to
the relationship below [2]:

— mpilote LHV

Mgy, LHVe,,, +mM

pilote

LHV

s (5)

pilote pilote
2.2 Fuel injection and fuel evaporation
The Bernoulli equation describing the fuel injection is given

by:
2( pinj B p)
n
Puel

7d?

inj
4

inj

My = Cq

(6)

The modeling of the injection and the evolution is that
described by Sombatwong et al. [18] and Huang et al. [19] and
Li et al. [20]. This mass flow rate is a function of the discharge
coefficient ¢; injector diameter diy;, the injection pressure pin
and the pressure inside the cylinder p.

2.3 Auto-ignition

It has been shown by Ahmad et al. [16] have shown that the

methane richness strongly conditions the dual fuel combustion.

This hypothesis conditions the choice of the ignition model of
the fuels. Indeed, the author shows that dual fuel combustion
takes place in three main stages [21]. The auto-ignition delays
as a function of the fuel richness are the following according
to the correlations of Assanis and Rodriguez respectively for
D100 and B100 [4, 16, 21].

71, (D100) = 2.4p %202 exp(@) ™
£ (BLOO) = p°%6 % exp(*2) ®)

Dual fuel modeling incorporates the methane auto-ignition
delay expressed in Ahmed et al. [16] by:

5000

75(CH,) =4.310°% p % ** exp(?) 9)

The richness ¢ being given as a function of the calorific
value LHV of each fuel and the masses injected by:

LHV e +17.1M,, LHV,,.

pilote pilote

m

14.5m
p= (10)

air
2.4 Heat loss model

The heat loss model is given by the following equation [21-
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28]:

dQ

1
qg _ AONT =Te)—

(11

where, /. is the heat exchange coefficient modeled by the
Woschni correlation and 4(8) the exchange area all given
respectively by the expressions:

hc — 3.26D70.2 p0.8T 70,55W0.8 (12)

2
A(Q):ﬂ%+ﬂD%(ﬂ+l—COS@—\/lz—Sin29 (13)

T, the temperature of the wall, T the temperature of the
gases inside the cylinder, p the cylinder pressure, D the
cylinder bore, L the piston stroke, A the crank ratio. The term
W is given by:

w= 2.28& + 0.00324@
30 p.VvV

a‘a

(P—-p,) (14)

2.5 Evolution of the fuel mass fraction

The mass fraction of the fuel was modeled according to the
double phase of Wiebe and the conditions are those derived
from the work of Ahmad et al. [16], giving the evolution of
fuels in the combustion chamber.

)m+l:|

X, =1—exp{—a(9 %
A6
In this expression, a characterizes the Efficiency Parameter
m the Form Parameter. These two parameters must be adjusted
experimentally, depending on the engine and operating
conditions (richness, load, injection advance...).

a(m+1)(%j exp{—a(gggoj } (16)

And consequently the total release of heat:

(15)

dx,

dQcomb _ dQcombp " dQcombd

= 17
do do do {17
dQ,,,, 0-0,, )"
th = M yeiina LHVa, (m, +1) (Fjdj
6 9 my +1 (18)
exp{—ad [ A_HOd j }
d

For the realization of the dual fuel, the value of the LHV
varies according to the fuel that burns. In the first phase of
combustion diesel or biodiesel dominates over methane and
the LHV of the fuel is reduced to that of D100 or B100
depending on the pilot fuel. In the other combustion stages, the
LHYV of the pilot fuels and methane are taken into account. The
total amount of heat released during dual fuel combustion is
then expressed by Hossain et al. [17-24]:



Q = mpilote LRV, + rnCH4 LHVCH4

(19)

pilote

2.6 Model of the formation of nitrogen oxides

NOx emissions are modeled according to the Zeldovich
mechanism [13, 27-32]. It is abstracted by a set of chemical
equations depending on the amount of oxygen present in the
cylinder. The O, molecules dissociate under the effect of
temperature and react with the nitrogen in the air to form nitric
oxide.

O+N, &> NO+N

- 2
k;, =1.810° exp[ 38370) (20)
N+0O, <> NO+O
k,, =1.810°T exp(—_4680) @0
T
N+OH <> NO+H
—450 (22)

K5 = (1.8)(20")T exp (T]

The calculation of NO is done according to a given
composition of the mixture at equilibrium. The determination
of the equilibrium species involved in the combustion was
done assuming that all fuels are reduced to the C-H-O system
at equilibrium. The Zeldovich mechanism describes the
formation of nitrogen oxides according to the equation:

dNO _ 1 (6.6)10° 69090
do

P \/[OT]E[NZ]eexp(—Tj (23)

[O2]c and [N»]. being respectively the concentrations of
oxygen and nitrogen at equilibrium. This equation is then
strongly dependent on the temperature of the mixture inside
the cylinder and the numerical resolution at each temperature
step allows to obtain the evolution of NO formed.

3. EXPERIMENTAL SETUP
3.1 Experimental device

The experimental device consists of a single-cylinder
engine with ambient air as cooling system. It is known under
the name Lister Peter 0100529-TS1 [10]. It is composed of two
tanks which can contain different fuels and are controlled to
be injected. In the framework of the dual fuel modeling, we
impose numerically that the quantity of air that enters is
premixed with methane at a richness of 0.57 for the methane
[16, 21] (Figure 1).

3.2 Geometric characteristics of the engine and fuels

Table 1 represents the geometrical characteristics of the
engine. Table 2 represents the characteristics of the fuels
useful in the numerical and experimental simulations of the
D100 and B100.
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Figure 1. Expérimental set up legend (1. Diesel
monocylindric motor, 2. Diesel fuel tank, 3. Alternative
diesel fuel tank, 4. Exhaust gase analyser, 5. Brake drumb
dynamometer, 6. Matter particles analyser, 7. Low frequence
aquisition system, 8. Debimeter and air flow direct, 9. High
frequence aquisition system, 10. Angle encoder, 11. Injection
pressure signal, 12. Cylinder pressure signal)

Table 1. Engine characteristics [9]

Lister-petter-01005299-TS1 serial

Injection pressure Bar 250
Piston diameter/stroke ~ Mm 95.3/88.9
Connecting rod length | Mm 165.3
Engine capacity m? 630
Compression ratio | - 18
Injection timing degree 15° before TDC
Engine power kW 4.5 41,500 trs/min

Table 2. Fuel characteristics [3]

Fuel Biofuel Diesel 100

properties (B100) (D100) Methane
Density 883.3 (L) 830 (L) 0.72 (2)
Cetane
Noane 513 48 /
LHV (MJ/kg) 39.7 425 50
% C 0.771 0.87 0.777
% H 0.118 0.126 0.223
%0 0.109 0.004 /

4. RESULTS AND DISCUSSION
4.1 Cylinder pressure

Figures 2 and 3 present the evolution of the numerical and
experimental cylinder pressures in simple combustion of
biodiesel and diesel fuels. They allow to validate our
numerical model from the point of view of the cylinder
pressure of the two fuels compared to the experimental one.

The premixing phases are dominated by the numerical
pressures compared to those measured. Indeed, at -10°V the
numerical pressures of biodiesel and diesel are respectively
43.60 bars and 42.32 bars, on the other hand the respective
measured values of the same fuels at -10°V have for value
42.74 bars and 41.70 bars. In this first phase of combustion,



the pressure of the biodiesel remains dominant on that of the
diesel; this shows that the speed of combustion of the biodiesel
as well from the experimental point of view as numerical is
higher in phase of premixing compared to that of the diesel.
This aspect is due to the high oxygenation of biodiesel
compared to conventional diesel. The peak pressures are
74.725 bar, 72.421 bar, 73.269 bar and 71.811 bar for
simulated biodiesel, simulated diesel, measured biodiesel and
measured diesel respectively. That is to say an accuracy of
1.98% for biodiesel and 0.84% in the case of diesel. This
discrepancy between the accuracies may be due to the ignition
delay models of the two fuels. Our numerical model is in good
agreement with the experimental one with a better accuracy in
two zones compared to the one zone model of Kamta Legue et
al. [10] which presented an accuracy of 5% under the same
conditions. The numerical simulation of the two fuels can be
shown in Figure 4.
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20 1 —— B100experimentation
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=20 -10 0 10 20 30

crank angle (deg)

Figure 2. Comparison of simulated and experimental
cylinder pressures of B100

p (bar)

D100experimentation
—— D100simulation
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Figure 3. Comparison of simulated and experimental D100
cylinder pressures
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Figure 4. Comparison of simulated cylinder pressures of
biodiesel with diesel
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Figure 5. Comparison of fuel pressures in dual fuel mode

The comparative pressure curve shows better that during the
premix combustion phase, biodiesel has a cylinder pressure
difference of about 3.02% higher than diesel around -10°V
before top dead center. Around top dead center, this deviation
increases to about 3.17%. During the phase of the diffusion
combustion in particular at 20°V we have a cylinder pressure
of 47.18 bars for the combustion of biodiesel and 45.80 bars
in the combustion of diesel for a difference of 3.01%. This
difference is in agreement with the results of several
researches such as Hossain et al. [17] and other scholars [30-
36], who made the same observation on the study of the
combustion and the emissions with biofuels. The difference in
premix phase would reflect a relatively short auto-ignition
time for biodiesel increasing the cylinder pressure because of
its oxygenated character and high cetane number. Methane
was added to the diesel and biodiesel fuels to observe the
impact on the pressure and Figure 5 compares the cylinder
pressures of the different combustion modes.

It presents a comparative evolution of the cylinder pressures
of the fuels in simple mode and in dual fuel mode. The premix
combustion at -10°V in dual fuel mode is marked by a
similarity in simple mode because at this moment the methane
present has not yet triggered its combustion, hence the
similarity. On the other hand the dual fuel mode presents
respectively the pressure peaks of 71.11 bars reached at 4.8°V
for the diesel methane against 69.18 bars at 5.8°V for the
biodiesel methane. The difference between the peak cylinder
pressures in dual fuel mode and in single mode is 5.54 bars,
i.e., areduction of 8% for biodiesel and a difference of 1.4 bars,
i.e., 1.84% bars for diesel. During the premix and diffusion
phases the curves are closer together but around the top dead
center they diverge more, this would mean that the dual fuel
mode is dominant [34-37]. During the premixing phase, the
dual fuel biodiesel methane presents after -10°V a deviation of
3% higher than the diesel methane.

4.2 Comparison of the mass fractions of D100 with B100

Figure 6 represents the evolution of the burned mass
fractions of B100 and D100 fuels at medium load. The choice
of the load being explained by Ahmed et al. [16] as the best
NOx emission reduction range in dual fuel.

It can be seen that biodiesel starts to burn at 12°V before top
dead center while conventional diesel will start 4°V after top
dead center or 8°V before top dead center. This can be
explained by the fact that the oxygenation of biodiesel leads to
a better premix combustion compared to diesel. The
comparison of the curves of the cylinder pressures of the two
fuels showed the same observation in phase of premixing. It is



also noted that the maximums of the two curves are 0.9088 and
0.9107 respectively for diesel and biodiesel. On this difference,
diesel would have more unburned hydrocarbons than biodiesel.
Between -10°V and 20°V biodiesel has a large dominance of
about 33.33% on the combustion process of diesel. This would
also be justified by the strong oxygenated character of
biodiesel leading to a dominance of the pressures and heat
release of this fuel on that of diesel. This aspect gives a better
energy yield but unfortunately a consequence on the higher
nitrogen emissions for biodiesel according to the Zeldovich
mechanism and also a lower durability of engines running on
biodiesel.

10

0.8

06

Xb

0.4

02
- X:B100

—_— X:D100

0.0 4

0 10 20

crank angle (deg)

-10

Figure 6. Evolution of the burned mass fractions B100 and
D100

4.3 Heat release from fuels

The heat release curve in Figure 7 shows that, the two fuels
show the same evolution and are almost confused throughout
the simple combustion phase in the premix phase, but around
the top dead center, biodiesel overtakes diesel. This would be
due to a higher pressure rise for biodiesel than for diesel as
shown in Figure 4. The peak heat release rate of biodiesel is
evaluated at 36.96 J/°V against 35.89 J/°V for diesel, a
difference of 1.07J/°V. We also studied the heat release with
methane as primary fuel. Figure 8 presents the heat release
produced respectively by the combustion in dual-fuel mode
with methane as primary fuel.

—— Biodiesel
—— Diesel

35

25

20

15

10

Heat release rate (J/°V)

0 10 20

crank angle (deg)

10

Figure 7. Biodiesel and diesel heat release

This figure shows a similarity between the combustion of
diesel, biodiesel and dual-fuel. It can be seen that, during the
premix combustion, the curves for dual fuel and those for
diesel and biodiesel are almost identical. This can be justified
by the relatively long ignition time of methane compared to
biodiesel and diesel. In such a condition, the premixing phase
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behaves almost like that of biodiesel and diesel fuels in single
mode. On the other hand, around the top dead center and up to
7°V, diesel and biodiesel fuels supplant the dual fuel mode.
Indeed, diesel methane presents a peak of 33.95J/°V, ie., a
difference of 1.94J/°V compared to simple diesel. On the other
hand, the biodiesel methane presents a peak of 32.98J/°V for
a difference of 3.98J/°V compared to the simple diesel. This
can be explained by the fact that methane combustion is
relatively slower than that of diesel and biodiesel [14, 16-23]
and that a good quantity of the diesel/biodiesel is compensated
by methane. Nevertheless, it is noted that in dual fuel mode,
the diesel/methane mixture dominates the biodiesel/methane
mixture in terms of heat release with a difference of about
2.94% around the top dead center. We also note after 15°V a
dominance of the diesel methane blend over all other fuels
showing a late fueling of one part. This could explain the fact
of the previous dominance certainly due to a dominance
around the top dead center in diesel on a biodiesel mixture
caused by a reduction of the calorific value of the mixture.

Biodiesel
- Biodiesel — Methane
Diesel

Diesel— Methane

35

30

25

20

15

Heat release rate ()/°V)

10

10 20

crank angle (deg)

Figure 8. Comparison of the heat release rate of fuels in dual
fuel mode

4.4 Nitrogen oxide emissions

The evolution of NOx in Figure 9 shows in agreement with
the Zeldovich mechanism and the previous curves a
dominance of nitrogen oxides during the combustion of
biodiesel with a difference of 171 or about 25.71% compared
to diesel emissions. This character would be justified by the
high concentration of oxygen in biodiesel which favors the
good progress of the combustion but also the high availability
of oxygen to react with the molecules of nitrogen of the air at
high temperature. Less oxygenated biodiesels will certainly
make it possible to find a compromise between the energy
yield and the ecological capacity factor. The modelling in dual
fuel mode allowed us to present the impact of methane on NOx
emissions in the presence of diesel and biodiesel as pilot fuel.

Figure 10 presents a comparative analysis of the evolution
of nitrogen oxides in dual fuel mode and in single fuel mode.
It shows an accentuated reduction of nitrogen oxides in the
diesel methane mixture of about 48% compared to the diesel
methane. This can be clearly seen on the pressure curve in dual
fuel mode where the cylinder pressure of the biodiesel
methane mixture shows a dominance during the premixing
phase before falling back below that of the diesel methane. In
general, the combustion in dual fuel mode reduces by 48.32%
and 26.65% respectively in biodiesel and diesel operation.
This finding has also been the subject of several studies such
as that of Papagiannakis et al. [36-39]. The author reports that
this decrease in NOx and state variables is due to the reduction



in the amount of oxygen intake compensated by the primary
fuel input during the intake phase. The strong reduction of the
biodiesel-methane dual fuel mode compared to the diesel-
methane mode could be explained by the chemical properties
of the biodiesel which are more important from the point of
view of the cetane number and its oxygenation [40-42].

] —— DieselD100
= BiodieselB100

NOX (ppm)

T T T T
-10 0 10 20

crank angle (deg)

Figure 9. Comparison of nitrogen emissions from biodiesel
with diesel

800 - BiodieselB100 + Methane —
—— DieselD100
---- DieselD100 + Methane
600 1 —— BiodieseiB100
£ / _______________
Q -
= s ESSUERES L
5 400 7
<) 7

200

10 20

crank angle (deg)

-10

Figure 10. Comparison of nitrogen emissions of fuels in dual
fuel mode

Table 3. Comparison of the different fuels

Pic heat

Pic Pic NOx
Fuel pressure release (ppm)
rate

Diesel 72.421 35.89 665

Diesel-Methane 70.9 33.95 487

Ecart diesel/diesel- 1521 1.94 178
methane

Biodiesel 74.725 36.96 836

Biodiesel-Methane 69.18 32.98 432

Ecart

biodiesel/biodiesel- 5.545 3.98 404
methane

Ecart diesel-biodiesel 2.304 1.07 299

Table 3 shows that biodiesel is an even better fuel when
combined with methane and this can be generalized to biogas
which is mostly concentrated in methane.

5. CONCLUSION

The experimentation and the simulation of the combustion
of biodiesel B100 and diesel D100 have furnished the first part
of this work. The numerical simulation of the dual fuel
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combustion biodiesel methane and diesel methane has
focused the attention of the second part. It was found that the
combustion of biodiesel presents a faster combustion speed
than that of diesel due to the high concentration of oxygen in
biodiesel and its high cetane number. It shows that our two-
zone 0D model has a better agreement with the diesel
experimental compared to the diesel. It was also found that the
addition of methane decreases the concentration of nitrogen
oxides during combustion of both fuels by 26.76% for diesel
and 48.32% for biodiesel as well as reducing the cylinder
pressure. The reduction is more important during the
combustion of diesel D100 compared to biodiesel B100. Our
next work will focus on the evaluation of the 3D simulation of
the dual-fuel model with methane characterization for
particulate matter reduction.
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NOMENCLATURE

A(6) area exposed to heat transfer (m?)
B100 biodiesel

BDC bottom Dead Center (degree)
BTDC  before TDC (degree)

D cylinder bore (m)

D100 conventional diesel

HRR heat Release Rate

L stroke (m)

LHV lower Heating Value

N rotational speed of the engine
Q heat transfer (kJ)

T temperature (K)

TDC top Dead Center (degree)

U internal energy

\Y volume (m3)

W work done (kJ)

Greek symbols

& compression ratio

6o start of combustion (degree)

AO total combustion duration (degree)
0 cranck angle (degree)

y) ratio of the rod length

10) angular velocity (rad/s)
Subscripts

Cv specific heat at constant volume
he heat transfer coefficient (W. m=2. K1)
m masse (kg)

p pressure (bar)

Iy gas constant

Tid ignition delai

Xb burnt mass fraction





