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Abstract

Strong dependence of the humans daily life on the engine-powered vehicles, increasing environmental
pollutions, especially in urban areas, and reduction of the world oil resources have challenged the
energy researchers to make appropriate decisions at regional scale for selecting alternative fuels to
improve the engine efficiency and fuel economy. In the current work, the lean-burn idea jointed to
dual (gasoline-NG) fuel has been considered to develop the SI engines. To investigate the performance
and exhaust gas emissions, experimental tests were performed using a single-cylinder research engine
with gasoline-NG dual fuels, including four mass-based blends of the two fuels (G100, G87.5, GT75,
and G62.5 containing gasoline at 100%, 87.5%, 75%, and 62.5%, respectively, with the remaining part
being composed of NG), at 1800 rpm ES and 0.9 ER under at least seven different SAs. The result
showed that increasing the NG fraction in the fuel blend, both the and COV of imep decreased. It
was implicitly observed that, for blended fuels, non-uniform distribution of each fuel can serve as a
new source for cyclic variations. Under the considered lean burning condition at optimal safe SA, the
imep and output torque for the gas-contained fuel blends were comparable to those obtained by the
pure gasoline. Also, it was detected that an increase in the CR reduced the emitted amounts of HC
and CO pollutants.

Keywords : Dual fuel SI engine; Gasoline; Natural gas; Optimum Spark Advance; Emissions; Lean-
burn.
1 Introduction
*Corresponding author. S.K.Yekani@Quma.ac.ir,

Tel:+98(45)31500000.

TDepartment of Mechanical Engineering, Faculty of
Engineering, University of Mohaghegh Ardabili, Ardabil,
Iran.

tDepartment of Mechanical Engineering, Faculty of
Engineering, University of Mohaghegh Ardabili, Ardabil,
Iran.

$Department of Mechanical Engineering, Faculty of
Engineering, University of Mohaghegh Ardabili, Ardabil,
Iran.

259

N the recent past decades, the large depen-
I dence of the daily life of humans on the engine-
powered vehicles in the transportation, traveling,
agricultural, and industrial applications has been
abundant clear. The increased demand for such
engine-powered equipments has added to the vol-
ume of pollutant gases, especially in urban areas,

thereby contributing to environmental pollution.
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On the other hand, the decrease in the oil reserves
around the world and the need for supplying the
input energy for such engines have challenged the
energy researchers to make appropriate decisions
at regional scale for selecting alternative fuels to
improve the engine efficiency and fuel economy.
An efficient and novel approach to this challenge
is to either replace the fuel with an alternative
fuel with lower emissions or use dual fuels. Us-
ing combination of two fuels with different frac-
tions can provide a wide spectrum of dual fuels.
With vast reserves of natural gas (NG) [?] along
with the largest number of NG- fueled vehicles
in the world, Iran has large potentials for using
the NG as a fuel. This has drawn attention from
the researchers in the fields of energy and engine
design [?]. Application of NG in a spark-ignition
engine offers a number of advantages, including
lower tendency to knock compared to with the
conventional fossil fuels, potential for increasing
the compression ratio (CR), easy mixing with air,
reduced emission, and economic gain [?]. In many
cases, the NG is simply used to fuel an originally
gasoline-based engine. However, due to the lower
burning velocity and attenuated volumetric effi-
ciency of the fuel because of its gaseous nature,
the output power of the engine is affected. More-
over, appreciating the advantages offered by the
NG, bi-fuel gasoline-NG engines have been fre-
quently used in the recent past. A key feature
of a bi-fuel engine is that the user can selectively
opt for either NG or gasoline. In the meantime,
the design and control of the auxiliary systems
for such bi-fuel engines is are faced by particu-
lar complexities and problems, because most of
such engines have been originally designed for
gasoline as the base fuel [?7, ?]. Considering the
drawbacks of using either the gasoline or the NG
alone in a spark-ignition engine, the idea of us-
ing a combination of the two fuels for improving
the engine performance while reducing the emis-
sions has been emerged [?, ?]. The fuel combina-
tion can lead to lower tendency to knocking, as
compared to the gasoline. The idea of lean-burn
in engine, introduced to achieve economic sav-
ing and reduce the emissions during the last two
decades, can be accompanied by the dual fuel de-

velopment. The advantage of the lean mixture in
terms of reduced tendency to knock and the prob-
lem of increased cyclic variations can develop into
another challenge. The inappropriate combustion
limit of a lean mixture is related to the engine de-
sign, besides the fuel type. In this respect, Run
et al. [?] investigated the incomplete combustion
threshold in an engine operating at 1200 rpm for
three low-emission alternative fuels, namely NG,
alcohol, and syngas. Their results showed that,
among the conventional fuels, the NG exhibited
a lower incomplete combustion limit compared to
gasoline and alcohol.

Based on the fuel phase, the dual fuels can be
categorized under either of three primary cate-
gories, namely liquid-liquid, liquid-gas, and gas-
gas combined fuels, with different fuel- deliv-
ery requirements for different categories though
common-phase cases may end up with simple re-
quirements. In the recent research works, var-
ious dual fuels have been investigated, namely
gasoline-ethanol [?, ?], gasoline-normal butanol
[?], gasoline-LPG [?], gasoline- NG [?, 7, ?, 7, 7,
?] and methanol-hydrogen [?], for spark-ignition
engines. Several studies have considered four-
cylinder commercial engines [?, 7, ?], where the
user might occasionally fail to stabilize the ER
and undertake SA, SA, management. Moreover,
the four- cylinder nature of the engine in such
studies might question the accuracy of the re-
sults due to possible inconsistencies in the blend
quality, combustion products, and heat transfer
within different cylinders as well as the possible
slippage of the SA of different cylinders as a result
of elastic angular deformation of the crankshaft
under the mechanical load. Therefore, the au-
thors believed that accurate research works can
be done conducted on special single- cylinder en-
gines with use-adjustable parameters.

Pipiten et al. [?] evaluated the effect of simulta-
neous injection of gasoline and NG in a commer-
cial four-cylinder SI engine, as compared to the
case with gasoline as single fuel. Their results re-
vealed that the tendency to knock was lower with
the dual fuel rather than the pure gasoline, and
the SA slightly retarded. In their work, the en-
gine characteristics and operating conditions were
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in such a way that the comparisons were made
without equalizing the ER, so that the tests with
gasoline alone were performed at ER=1.11-1.19
while the experiments with dual fuel were con-
Movahed et
al. [?] performed an experimental research on

ducted at stochiometric mixtures.

a fully loaded turbo-charged engine and showed
that, with increasing the NG fraction in the dual
case, the CO and HC emissions decreased.

Performance of a dual fuel in a SI engine can
be different depending on the dominant fuel type.
In an experimental study on a gasoline-NG dual
fueled SI engine with NG as the dominance fuel,
Ramasami et al. [?] compared the exhaust emis-
sion and engine performance between the pure
fuel (NG) and dual fuel, and showed that an in-
crease in the gasoline fraction of the blend led to
increased output torque though the emitted HCs
increased for most part, as compared to the base
case (NG). DLourier et al. [?] studied a single-
cylinder SI gasoline-NG dual fuel engine with di-
rection injection and NG and gasoline manifold
and captured slow-motion videos from within the
combustion chamber. They showed that the de-
velopment of the flame front goes faster with the
dual fuel rather than pure NG, and that under
stochiometric conditions, the coefficient of vari-
ation (COV) in indicated mean effective pres-
sure (imep) decreased with increasing the NG
fraction. In a recent contribution, Behrad et al.
[?] investigated the knocking characteristics of a
single-cylinder spark-ignition engine fueled by a
few blended fuels that were dominantly composed
of gasoline by measuring the cylinder pressure
and filtering theirs knocking signals. Sarabi and
Abdi-Aghdam [?] examined the performance and
emission characteristics of a dual-fueled (gasoline-
NG) SI engine under stoichiometric conditions.
The knocking and lean burning conditions were
out of scope of their research.

Based on the review of the open-access liter-
ature, it was found that the lean-burn gasoline-
NG dual-fueled SI engines are yet to be addressed
adequately. The present research considers four
different combinations of gasoline with NG (with
the gasoline as the dominant constituent), per-
formance and emission characteristics of a single-

cylinder research engine were evaluated under
lean condition at an ER of 0.9, 1800 rpm ES,
and two CRs, namely 10 and 11. On a mass ba-
sis, the studied blends contained gasoline at 100%
(G100), 87.5% (G8T7.5), 75% (G75), and 62.5%
(G62.5), with the remaining part of the blend
been composed of NG. The study was performed
in the non-knocking region.

2 Experimental setup

The apparatus used in this work was composed of
a CT300 test stand (G.U.N.T. Gertebau GmbH,
Germany) on which a single-cylinder SI engine
was mounted. This research engine was coupled
with a speed-adjustable synchronized dynamome-
ter. Following a series of research works, the fuel
injection system was changed from a mechani-
cal carburetor system to an electronic dual fuel
(gasoline and NG) injection system with user-
adjustable injection timing and duration for dif-
ferent fuels and spark timing [?, ?, 7], making the
engine capable of operating with either gasoline
or NG alone or a combination of the both.

In this research, using the fuel delivery system,
the gasoline injection pressure was maintained
at a gauge pressure of 3.5 bar. In the NG fuel
delivery system, the gaseous fuel was depressur-
ized to 2.5 bar upon passing through a regulator
installed on a high-pressure (200-250 bar) CNG
capsule, before being dispatched through the rail
connected to the injector. In this way, indepen-
dent injection of the two fuels through the in-
jectors connected to the engine intake manifold
became possible. At each test, considering the
required injection for each injector (injection pe-
riod), injection timing and spark timing were ad-
justed by the engine management assembly. Fig-
ure 7?7 shows a flow diagram of the fuel injection
control systems. Previous research works have
measured and calibrated the effects of the injec-
tion period and the injected place pressure under
various sets of operating conditions for both gaso-
line and CNG injectors [?]. Using the obtained
correlation equation, the required injection pe-
riod for each fuel was assessed and applied.

The fast and high-precision measurement sys-
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Figure 1: Flow diagram of the fuel injection
control and spark timing systems

tems of in-cylinder and intake manifold pressures
are essential for analyzing engine combustion.
In this research, the in-cylinder pressure signal
was measured by a dynamic pressure transducer
(Kistler 6025C), with a Kistler 5011B amplifier
used to amplify the signal. The intake manifold
pressure was measured using a Keller PAA-M5
HB/3bar absolute pressure transducer coupled
with the respective amplifier. The crankshaft an-
gle signals were recorded by a Kistler 2613B shaft
encoder. A four-channel ADLINK DAQ2005 data
logger was utilized to convert analogue signal to
digital one (A/D), capable for maximum sam-
pling rate of 500 kHz; the logger was coupled with
the respective software to store the data.

Exhaust gas composition (CO, HC, CO2, 02)
and the relative air-fuel ratio () were obtained
using two gas analyzer apparatuses, namely a
Saxon Infralyt-CL and a Testo 350XL. Specifi-
cations of the utilized research engine are briefly
presented in Table ??7. Figure ?? demonstrates
the test platform, control assembly, and measure-
ment systems schematically.

In this investigation, the NG composition de-
scribed in Table 77 (based on the volumetric per-
centages of different species [?] with the aver-
age chemical formula C7 g4 H3.97 for the HC part

Figure 2: Test platform, control assem-
bly, and measurement systems 1: Engine,
2:dynamometer, 3: engine speed sensor, 4:
torque sensor, 5: shaft encoder, 6: suction
TDC sensor, 7: inlet mixture temperature
sensor,8. exhaust gas temperature sensor,
9: throttle, 10: primary air comfort cham-
ber, 11: spark plug, 12: dynamic pressure
transducer, 13: NG injector, 14: gasoline
injector, 15: absolute pressure transducer,
16:secondary air comfort chamber, 17:pri-
mary comfort tank temperature sensor, 18:
gas analyzer a, 19: gas analyzer b, 20: ampli-
fier of the absolute pressure transducer, 21:
amplifier of dynamic pressure transducer, 22:
inlet air flow sensor, 23: ignition system, 24:
NG tank,25: gasoline tank, 26: NG pressure
regulator, 27: gasoline pump, 28:engine man-
agement system, 29: AD-Logger, 30: PC, 31:
electricity input of the system

was used. About 94.91% of the total NG was
composed of HC, with the remaining part be-
ing made up of impurities in the form of COs
and Ny. Average chemical formula of the gaso-
line was assumed C7.7¢H13.1 with a density of 746
kg.m=3 [?]. Assuming that the volumetric frac-
tion is identical to the molar fraction for the NG,
the stoichiometric equation of the air-dual fuel
(gasoline-NG) mixture could be written as Equa-
tion (77):

zC776H131 + (1 — f)(0.949101.04H3.97 —|—(2.1)

0.00694C Oy + 0.045N3) + as(Oy + 3.76 N3 + w)
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Table 1: Specifications of the CT300 research engine

Specification Description
Cylinder diameter 90 mm
Piston course 74 mm
Displaced volume 470 em?®
CR 10, 11

Ignition system

Fueling system

Lubrication system

Cooling system

Number and position of valves

Intake valve opening and closing angles
Outlet value opening and closing angles
Respiration mode

Spark timing-adjustable electronic

NG- and gasoline-fueled injection
Compressive-spray

Single-flow water-cooled

2 OHV

Opening at 0° TDC and closing at 50° aBDC
Opening at 40° bBDC, closing at 8° aTDC
Natural

Table 2: Composition of the natural gas [?]

Constituent Percent
CH, 88.323%
CyHg 4.672 %
C3Hj; 1.137 %
CyHyo 0.484 %
CsHyo 0.181 %
CO, 0.694 %
Ny 4.5 %
HyS 0.849 ppm

where Z is the molar fraction of the gasoline in
the dual fuel, oy is the required number of moles
of oxygen in the stoichiometric mixture per mole
of the dual fuel, and w is the number of moles of
H50 per mole of Oy in the air. Using the molar
mass of the air (Mair) and the molecular mass
of the water (M H20), the value of w could be
obtained through Equation (77?):

4.76 X My
= W

T =

2.2
Vo (2.2)

where w is the moisture ratio (i.e. mass of water
vapor per unit mass of dry air). The average
molecular masses of gasoline (M¢) and natural
gas (My¢g) were utilized to obtain the relation
between the molar () and mass (x) fractions of
the gasoline in the dual fuel, using Equation (?7):

xMng
(1 —x)Mg + Mygx

(2.3)

T =

3 Experimental setup

In order to establish the test conditions in this re-
search, firstly, the engine was started in gasoline
mode at 1800 rpm engine speed (ES) and a CR of
10 to have it warmed up to a steady-state operat-
ing condition. The engine was then set to operate
under full-load condition in gasoline mode (G100)
at an ER of 0.9. Maintaining the operating condi-
tions in terms of the ER (0.9), the SA was varied
at a crack angle step of one or 2°CA, with 400
successive cycles recorded at each SA.

The raw recorded data was decomposed into
successive cycles using a Fortran-coded program,
so as to calculate the variations of P — 6 (the
in-cylinder pressure versus the crank angle) and
imep for each cycle and evaluate average values
over the cycles. Further measured were the inlet
mixture temperature, ES, output torque, A, and
amounts of exhaust emissions (NO,, HC, and
CO) and temperature of the exhaust gases. Next,
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using the peak output torque and imepav ob-
tained from the in-cylinder pressure, a free-knock
optimum SA within the predefined non-knocking
region was determined.

Continuing with the experiments, with the en-
gine operating under full-load condition, three
mass-based blends of the two fuels (G87.5, G75,
and G62.5 containing gasoline at 87.5%, 75%,
and 62.5%, respectively, with the remaining part
being composed of NG) were separately applied
to the engine. For each blend, different SAs
were tested and the respective data was acquired.
Similar to the case with pure gasoline as fuel,
the cases with the blended fuel had their free-
knock optimum SA determined based on the peak
imepq, and output torque in the non-knocking re-
gion.

A preliminary investigation of the results on
this engine showed that, keeping constant the fuel
injection period, a change in the SA would lead
to only subtle changes in the recoded ER based
on the analysis of the exhaust gases. Since the
present work was aimed at investigating the effi-
ciency of dual fuels at a constant ER of 0.9, at
each SA, keeping the mass ratio of the pure fuels
unchanged, the fuel injection periods were set to
maintain the ER of the exhaust gases in the range
of 0.9 + 0.01.

In order to define the no-knocking region (i.e.
the condition under which no sign of knocking
was observed on the P — # diagram), it was nec-
essary to analyze and interpret the cycle knock-
ings under various operating conditions. For this
purpose, maximum amplitude of the pressure os-
cillations (MAPO) induced by the knocking was
used as a measure of the knocking [?, ?]. In the
relevant literature, the cycle for which the MAPO
exceeds 1 bar is identified as susceptible to knock-
ing, and should the percentage of the knocking
cycles, KC, exceed 10% under a particular oper-
ating condition, the operating condition is recog-
nized as knocking [?]. In the SI engines, in order
to avoid such circumstances, the SA is retarded.
We used the MAPO to define the non-knocking
region in the present research, with the results
described in the respective section. Once finished
with data acquisition at a CR of 10, the engine

was shut down and the CR was changed to 11
before repeating the mentioned procedure.

Two ideas can be followed to adjust the dual
fuel supply: one is to find injection periods of the
two fuels for achieving the given fractions and ER
at an arbitrary SA, then preserving the injection
periods for the other SAs. Second idea is to main-
tain the given fuel fractions and ER for each SA.
The former was considered to collect data at CR
of 10, in which the supplied fuel energies for all
SAs can be identical; the later was followed to
gather data at CR of 11, where ER of all SAs are
the same.

4 Results and discussion

4.1 Diagnosis and definition of the
non-knocking region

Based on the relevant studies in the literature,
an operating condition is identified as knocking
should the number of KC exceeds 10%. Accord-
ingly, it can be implicitly inferred that a condition
for which the number of the KC is zero defines a
perfectly non-knocking condition. In this way,
one could define a region between the knocking
condition and the perfectly non- knocking condi-
tion, within which some 0-10% of the cycles ren-
der knocking. In the present work, this region is
referred to as the transitional region or a border-
line condition between the knocking and perfectly
non- knocking conditions.
strates the variations of imep and the percentage
of KC against the SA and the knocking, perfectly
non-knocking, and transitional regions for G75
condition. In this study, in order to compare the
engine performance at optimal SA for the respec-

Figure 7?7 demon-

tive fuel, tests were performed to keep the num-
ber of KC below 5%. Accordingly, for a given fuel
composition and predefined operating conditions
(CR, ES, and ER), the SA at which the imepg,
or the peak output torque was maximum was re-
ferred to as non — adverseknockingoptimum SA
(NAKOSA). Based on the studies performed in
the present research, good agreements was ob-
served between the variation trends of torque and
imepgy versus SA.

In order to clarify the adverse and non-adverse
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Figure 3: Variations of imep and percent-
age of KC against the SA and knocking, per-
fectly non-knocking and transitional regions
for G75 condition.

knocking conditions based on the mentioned defi-
nition, among the pool of experiments performed
with G75 as the fuel at a CR of 11, ES of 1800
rpm, and lean ER of 0.9, two experiments with
knocking-cycle percentages of 10.5% and 2.25%
relating to the SAs of 31 and 30°CA were se-
lected. That is, only 1°CA of change in the SA
has changed the condition from the transitional
region to knocking region. Average value of the
MAPO (M APO,,) was calculated from the cy-
cles recorded in each test followed by searching
for the cycle with the closest MAPO value to the
MAPOQO,,. Figure 7?7 shows the P — # diagram
of the representative cycles selected based on the
MAPQO,, for the two tests with G75. On this fig-
ure, it is obvious that the difference in peak pres-
sure between the two test was about 1.5 bar on
as-recorded data (in presence of knocking). Sort-
ing the data in the decreasing order of MAPO,
the position of the two cycles was found to fall in
the beginning of the second quarter of the total of
400 cycles. Knowing that the cycle representing
the SA of 30°CA showed no obvious indication of
knocking, it can be concluded that at least three-
fourth of the respective cycles were free of signifi-
cant knocking, which proves the normal combus-

tion tendency of the respective test. However,
symptoms of knocking were evident on the cy-
cle representing the SA of 31A. Based on these
reasons, it seems that the non-adverse knocking
region assumed in this study (KCj5%) or deter-
mining the optimal SA based on the peak imep

was appropriate.

cTE
CR=11 ER=0% Es=1800pm I DT
i MAPO-0.4171, SA-31
MAPO-0.2497,54-30
2 g
T T T T T T T T T T
20 100 S0 60 - 20 0 20 40 60 B 0 12

Figure 4: The P — 6 diagrams of the cycles
selected based on MAPOQOav for the two tests
with G75

4.2 Discussion on the results

The experimental tests performed in the present
work were performed using a single-cylinder re-
search engine with four gasoline-NG dual fuels at
two CRs of 10 and 11, an ES of 1800 rpm, and an
ER of 0.9 under at least seven different SAs. For
400 successive cycles, variations of the in-cylinder
pressure, output torque, exhaust emission frac-
tions (HC, CO) were measured. Upon processing
the P—6 data for each cycle, we could identify the
knocking signals and smoothed in-cylinder pres-
sure, MAPO, and nature of the knocking of each
cycle, and then proceed calculate the percentage
of KC and MAPOav for each test. Moreover, the
P- data for the 400 successive cycles, the value of
the ensemble average cycle (EAC) P — 6 (aver-
aging the in-cylinder pressure at different crank
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angles on the test cycles) was computed [?]. Fig-
ure 77 presents an example of the developed P—6
diagram for 400 successive cycles for the G75 fuel
at a CR of 11 and SA of 30°CA along with the

EAC value. Of the factors affecting the cyclic

Figure 5: The P—6 diagram for 400 succes-
sive cycles along with a hypothetical equiva-
lent cycles for the G75 fuel at a compression
ratio of 11 and ER of 0.9.

changes in the spark-ignition engines, one can re-
fer to the cyclic variations in the turbulence rate
of the cylinder chamber, air-to-fuel ratio, resid-
ual gas content, mixture heterogeneity within the
chamber, especially in the vicinity of the ignition
spark, and electrical discharge parameters of the
spark plug [?]. Another important factor that
may contribute to the present work is the non-
uniformity of the distribution of gasoline and NG
in the mixture within the cylinder. Therefore,
although the preset operating conditions of the
engine were kept unchanged, the synergetic effect
of the mentioned factors made differences among
the P — 6 diagrams for the 400 successive cycles.
These differences might impose changes into the
cycle and IMEP. Considering the importance of
the cyclic changes at lean ER, the cyclic varia-
tions of IMEP were evaluated at optimal spark
advance at non-adverse knocking region for the
respective cycles. Figure 6 reports the values of
IMEP for each cycle against the cycle number
for G100 and G75 fuels at the respective opti-
mal spark advances and a compression ratio of 11.
With the scales of the diagrams for the two fu-
els being identical, major differences in the cyclic
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Figure 6: Variations of IMEP against the cycle num-
ber at optimal non-adverse knocking region for (a)
G100 and (b) G75 fuel blends.

variations are evident. The G75 showed signifi-
cantly smaller divergence of the data points, as
compared to G100. Accordingly, the maximum
divergence from the average (absolute deviation
from average) was 6.62% for G100 and about
4.87% for G75. Performing a statistical analy-
sis on the data, it was found that the standard
deviation (o) of IMEP for the G100 and G75
fuel blends was 0.113 bar and 0.061 bar, respec-
tively, reducing the COV from 1.84% to 0.98%.
Since the aim of the present research was to eval-
uate and compare the efficiency of different fuel
blends within the non-adverse knocking region,
the safe optimal spark advance was obtained for
different blends according to the explained pro-
cedure. In other words, for each fuel blend, us-
ing given values of the revolution speed, compres-
sion ratio, and ER, the experimental data was ex-
tracted at different spark advances and the value
of IMEP,, was used to find the optimal spark
advance in the range of advances for which the
percentage of knocking cycles was less than 5%.
Figure 7?7 shows the procedure for selecting the



S. K. Yekani et al., /IJIM Vol. 14, No. 8 (2022) 259-270 267

optimal type conditions in the non-knocking re-
gion.

Figure 7?7 shows the variations of the ¢ and
COV of the IMEP for different fuel blends at the
On this fig-
ure, it is evident that an increase in the frac-
tion of the NG in the blend lowers the values
of the and COV. Accordingly, at a compression
ratio of 10, the percent decreases in the o and
COV with G62.5 rather than G100 were found
to be about 37% and 36%, respectively. A ma-
jor cause of such a significant decrease might be
the gaseous nature of the NG, which facilitates
its blending with other gases, including the air,

respective optimal spark advance.

contributing to the homogeneity of the NG dis-
tribution within the cylinder. The decreased dif-
ference in the cyclic variations with decreasing
the gasoline fraction in the blend provided an-

other proof for this fact. Figure 7?7 shows the

o -4
104 [ COV

CR=10. ES=1300rpe. §

o [bar]
COV[%]

Figure 7: Variations of the o and COV for
G100, G87.5, G75, and G62.5 at respective
optimal spark advances for compression ra-
tios of 10

variations of IMEPav as a function of the per-
centage of gasoline in the blended fuel at the re-
spective optimal spark advance at the two com-
pression ratios at identical revolution speed and
ER. Since the values over 400 successive cycles
were used to evaluate the IMEPav, the results
were of good accuracy. The results show that,
at CR=10, with decreasing the fraction of gaso-
line down to G75, the IMEPav showed no sig-

nificant change. However, upon further decreas-
ing the share of gasoline to G62.5, the value of
IMFEP,, decreased slightly due to the adverse
effects of the gas on the volumetric efficiency and
the available energy through the cycle. At CR =
11, for G = 100, due to the possible heterogeneity
of the gasoline content of the blend (as mentioned
above), some reduction in the respective IM E P,
was observed. The trend of results for G62.5 was
similar to that at CR = 10. At the studied ER,
the G75 and G87.5 exhibited desirable values of
IMFEP,,. Figure 7?7 shows the variations in the

ES=1300rpm . @=0.%
CE=11

-/'/J_——_ﬁ_.q_j__———h-

e {har
N

=73 SET S =
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Figure 8: The values of IM EP,, for G100,
G87.5, G75, and G62.5 at respective optimal
spark advances for compression ratios of 10
and 11

fractions of HC and CO in the exhaust gas for
different percent shares of gasoline in the studied
blended fuels under safe optimal spark advance
condition at two compression ratios. It is herein
observed that, under the optimal condition, both
the HC and CO fractions decrease with increas-
The
reason behind this trend can be the high temper-

ing the compression ratio from 10 to 11.

ature and pressure and hence lowered fraction of
residual gas thanks to the increased compression
at combustion, which is known to contribute to
higher burning rate and the chances of complete
combustion of contents of the cylinder. Moreover,
it was observed that nearly the same amounts of
HC and CO were found in the exhaust gas pro-
duced by both G87.5 and G75 regardless of the
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Figure 9: Variations of the percent fractions of (A)
HC and (B) CO in the exhaust gas for different percent
shares of gasoline in the studied blended fuels under
safe optimal condition at two compression ratios.

compression ratio, with the amounts decreased
by about 27% and 19% with increasing the com-
pression ratio, respectively. The emission reduc-
tion was minimal ( 10%) for HC with G100 as
fuel. With G62.5 as the fuel, the fraction of CO
was minimal at both compression ratios, with the
respective reduction of 7%.

5 Conclusion

In the present work, four different blends (G100,
G87.5, G75, and G62.5) of gasoline and natural
gas were experimentally investigated in a single-
cylinder spark-ignition engine at CRs of 10 and
11, an ER of 0.9, and a revolution speed of 1800
rpm. Upon analyzing the data from 400 succes-
sive cycles for each test, the following remarks
and conclusions were drawn:

In this study, the entire spectrum of feasible
spark advances was divided into three sub re-
gions, namely knocking region (%KC > 10), tran-
sitional or marginal region (0 < %KC<10), and
perfectly non-knocking region (% KC = 0). The
safe non-adverse knocking condition was defined
as %NKC < 5, and the knocking-safe optimal
spark advance was considered to achieve maxi-
mal IMEP or output torque.

Investigating the variations of the and COV of
the IMEP for different fuel blends, it was ob-
served that, with increasing the percent fraction
of NG in the fuel blend, both the and COV de-
creased. Accordingly, at CR = 10, the mentioned
parameters for G62.5 were some 36 It was implic-
itly observed that, for blended fuels, non-uniform
distribution of each fuel within the cylinder can
serve as a new source for cyclic variations.
Under the considered lean burning condition at
optimal safe spark advance, the IMEP and out-
put torque for the gas-contained fuel blends were
comparable to those obtained by the pure gaso-
line.

Investigating the exhaust gases, including HC,
CO, at both compression ratios (CR = 10, 11), it
was observed that an increase in the compression
ratio reduced the emitted amounts of all two pol-
lutants. The percent fractions of HC and CO for
the G87.5 and G75 fuel blends were almost equal
to one another at either of the studied compres-
sion ratios, with their values decreased by about
27% and 19%, respectively, with increasing the
compression ratio. The reduction in HC with in-
creasing the compression ratio was minimal for
G100 ( 10%) With G62.5 as the fuel, the fraction
of CO was minimal at both compression ratios,
with the respective reduction of 7% With G62.5
as the fuel, the fraction of CO was minimal at
both compression ratios, with the respective re-
duction of 7%.

Investigating the engine performance and emis-
sion characteristics, the G75 was found to be the
optimal blended fuel at a compression ratio of 11,
as compared to the other blends considered in this
work.
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