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ABSTRACT - Biodiesel fuel is considered as one of the most competence sustainable ARTICLE HISTORY
replacement for fossil fuel due to their superior combustion characteristics and possesses higher Revised: 15! Apr 2020
oxygen content. Thus, many researchers recently investigated to improve biodiesel capability by Accepted: 25" May 2020
adding additives whether by blending with dual-fuel or ftri-fuel. However, the combustion KEYWORDS
characteristics for biodiesel and biodiesel-additives blends are not thoroughly examined and need Cveli e
" o . . \ yclic pressure variations;
additional research works to study how the biodiesel behaviour and characterise. Thus, this Diesel engine;
research main objective is to study a single-cylinder diesel engine cyclic cylinder pressure Antioxidant: Palm oil
variations running with biodiesel with antioxidant (B2HA1.0 and B2HT1.0) blends with palm oil methyl ester (POME)

methyl ester (POME). While The baseline fuels used for this study were biodiesel (B20) and pure
diesel (B0). The entire test fuels were examined at a constant engine speed 1800 rpm with 100%
engine load condition. The engine combustion characteristics were studied by utilising the indicated
mean effective pressure (IMEP) and cyclic variations of combustion pressure at 200 consecutive
cycles. Combustion characteristics of engine diesel have been studied by using statistical analysis.
The results revealed that the engine running with biodiesel-antioxidants have higher cyclic
variations of combustion from B20 and BO, which B2HA1.0 possessed the highest cyclic variations.
It can be summarised from the study that biodiesel-antioxidants fuels produce a substantial
influence on the engine cyclical variation, which linked to the characteristics of the engine
combustion.

INTRODUCTION

Biodiesel has been discovered as one of the reliable replacements for mineral fuels, which comparable to pure diesel
in term of combustion characteristics. Various literary works have studied and defined the abilities of the biodiesel
involving the effects on engine performances, their properties, combustion characteristic and emissions [1-4]. Biodiesel
fuels have numerous advantages comprising of higher oxygen content, higher Cetane Number (CN) with lower sulfur
which leads to reduce harmful emission during combustion [5-9]. However, biodiesel fuel produced higher NOx emission
due to better combustion with the availability of oxygen in the biodiesel fuel [10-12]. One of the conventional methods
to reduce NOx emission from biodiesel combustion is by addition of antioxidants as phenolic hydroxyl groups in the
antioxidants inhibit with the prompt of NOx mechanism [13]. Another advantage of adding antioxidant into biodiesel led
to producing a slightly higher power with lower calorific value with a similar quantity of fuel consumption [14]. The
internal combustion engine characteristics are influenced by numerous parameters that exaggerated the combustion
properties such as rate of heat release, in-cylinder pressure and temperature which lead to changes in engine power. The
previous study has revealed that the diffusion in the portion of the burning rate and combustion existed from the start of
combustion and the cyclic variations occurred [15]. Thus, the investigation on cyclic variations of a diesel engine is vital
to know the performance of the engine when an alternative fuel and new technologies are used. Nowadays, diesel engines
experiment were done to examine the in cyclic variation because of different fuels are being tested with diesel engine
such as biodiesel [5, 16-18]. This study aims to evaluate and measure a small diesel engine cyclic variations of in-cylinder
pressure operated with pure diesel (B0), palm oil methyl ester 20% + pure diesel 80% (B20) and biodiesel with
antioxidants addition at 1000 ppm (B2HA1.0 and B2HT1.0) blends. Effects on the diesel engine with a constant engine
speed of 1800 rpm at 100% engine loads with 200 consecutive cycles on IMEP and cyclic variations of the in-cylinder
pressure as well as COVIMEDP for are evaluated and elaborated comprehensively.

*CORRESPONDING AUTHOR | Abdullah Adam | D<I adam@ump.edu.my 7851
© The Authors 2020. Published by Penerbit UMP. This is an open access article under the CC BY license.



Mohd Hafiz Ali et al. | International Journal of Automotive and Mechanical Engineering | Vol. 17, Issue 2 (2020)

METHODOLOGY
Cyclic variation analysis

Coefficient of variance (COV) is determined as the ratio between the standard deviation (o) in the indicated mean
effective pressure (IMEP) over consecutive cycles divided by its mean value [19]:

_ O1MEP

where IMEP is the mean value of the IMEP and oIMEDP is the standard deviation of the IMEP

1 a )
oIMEP= J;Z (IMEP;-IMEP) (2)

i=1

The mean value of IMEP is given by:

1
IMEP= N z IMEP; ?3)

where IMEP; is indicated mean effective pressure in individual cycles and N is the number of cycles. The variation of
degree among two-time series even their mean values are different from each other was evaluated using the coefficient
of variation (COV) [20].

Error Analysis

An uncertainty analysis or errors of an experimental is required to reveal the accuracy of the experiments. The analysis
will be converted as uncertainties and error through the instruments utilized in data collections recorded from the test can
affect the result [21]. The experimental uncertainty can be affected by various reasons such as the type of the instrument
devices, measurement methods selected, surrounding conditions, and the arrangement of the experimental setup. An
uncertainty analysis is required to verify the exactness of the experiment. The instrument’s uncertainties for the calculate
parameters such as Brake thermal efficiency (BTE) and Brake specific fuel consumption (BSFC) were obtained using
propagation of the uncertainties of the relevant, computable parameters in Eq. (2).

Propagation of general uncertainty formula:

If,
Y = X1 XX XX3.000. Xp “4)
n 5 2
[Ay])*= Z [—y. XAX] (5)
C Oxi

i=

where: y= parameter, Ay= uncertainty of parameter, X;xxX,xX3... X,= variables of y and Ax;, Ax,, Axs,...Ax = accuracy
or uncertainty of variables. The uncertainty of a certain operational condition is defined using Eq. (2). The calculated
uncertainties from the experiment are BSFC: =1 %, BTE: +1 %. The instruments measurement range and accuracy are
shown in Table 1.

Table 1. Instruments measurement range and accuracy.

Instruments Parameter Sensor type Range Accuracy

Speed sensor Engine speed Proximity sensor 0 - 15,000 rpm +1

Load sensor Brake torque S type 0-500 kg +0.1

Pressure pickup Cylinder pressure Piezo type 0 - 3,000 psi +0.1

Crank angle encoder Crank position Proximity sensor 0-360 °CA +0.1
Engine Test

In this experimental work, pure diesel, palm oil methyl ester (POME) biodiesel and antioxidant additives butylated
hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) were bought from a local supplier company. The fuels were
mixed at 20% by volume of POME which is designated as B20 (80% mineral diesel + 20% POME). While the antioxidant
additives were blended at 1000 ppm for each antioxidant with 1 kg of B20 designated as B2ZHA1.0 and B2HT1.0,
respectively. ASTM standards were used to verify the thermal physical properties of the fuel blends such as viscosity,
density and calorific value. In this study, fuel samples density was measured at 15 °C using a KEM Portable Density
Meter (model DA-130N), whereas a digital constant temperature kinematic viscosity bath (model K23376 KV1000) at a
temperature of 40+0.1 °C was used to test the viscosity for each fuel. Consequently, the determination of fuel
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heating/calorific value is by using an Oxygen Bomb Calorimeter, model 6772 (Parr instrument company, USA). A
UP400S Ultrasonic processor at 5 minutes with 500 ml each running time was utilized to perform the blending process.
All the test fuel properties used in the experiment are listed in Table 2. This study used a Yanmar TF120-M small diesel
engine with 7.8 kW at 2400 rpm of maximum output power. Therefore, a controller model DC5 was used to adjust the
torque and engine speed from a 15 kW eddy current dynamometer that was attached to the test engine. A fuel valve
system was used with two individual fuel tanks with thermocouples, one for diesel fuel and one for the blends. A weight
scale model CAS TCS-6 was used to measure the weight of each test fuels and recorded against time to each test fuels to
measure the fuel intake. Figure 1 depicted the engine testing setup and Table 3 indicates the specification of the test

engine. Table 4 shows the test condition for

this experiment.

Table 2. Test fuel properties.

Properties B0 B20 B2HA1.0 B2HT1.0
Density (kg/m?) 826 843 845 845
Viscosity (mPa-s) 3.60 4.05 4.06 4.06
Calorific value (MJ/Kg) 45.89 45.01 44.88 4491
Table 3. Specification of test engine.
Specification
Engine type YANMAR TF120M
Number of cylinders 1
Bore x stroke 92 x 96 mm
Displacement 0.638 L
Compression ratio 17.7
Injection timing 17° BTDC
Continuous output 10.5 HP at 2400 rpm
Rated output 12 HP at 2400 rpm
Cooling system Water cooled
Table 4. Test condition.
Parameters Test condition
Type of fuel B0, B20, B2ZHA1.0, B2HT1.0
Speed (rpm) 1800
Load 100%
Fuel temperature 27+ 1°C
Air temperature 30+ 1°C
Diesel Fuel
— E fuel blends
= tank tank
e .
Charge amplifier
of pressure sensor
e
Fuel injector
Pressure sensor
Test engine
Exhaust gas
analyzer
Eddy current
Charge amplifier of dynamometer
crank angle D
encoder Crank angle :
encoder
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Figure 1. Engine testing set-up.
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An Optrand AutoPSI-S model C82294-Q pressure transducer was used to measure and log the cylinder pressure with
1.55 mV/psi and measurement range from 0-5000 psi due to the experiment focuses on the deviations of cyclic engine
variation on the peak by peak cylinder changes. A magnetic crank encoder was attached to acquire the signal of the crank
angle degree. These crank angle and in-cylinder pressure signal measurement were logged and examined with a TFX
combustion analyzer as shown in Table 3 with specific test condition Whereas, 200 consecutive cycles in-cylinder
pressure data were set and recorded to be analysed. In this experimental work, the coefficient of variation of the IMEP
(COVIMEP) was utilized to evaluate the cyclic variations of the IMEP time series.

RESULT AND DISCUSSION

The effects the engine running with the test fuels at 100% engine load with a constant speed of 1800 rpm referring to
cyclic pressure variations are discussed in this section. The assessment of the engine cyclic pressure variations of test
fuels as the foundation for comparison to assess the other test fuels is further elaborated.

o
[=]
o
[=]

a) BO = b) B20 o
= ol Y i)
5 | /\ &l 12
e — z 2 z
© o @ o
2 & Paot 1=
¢ g z
E £3 E
= 33 9
3 = 320 i 1e
3 3
= P =

0 L L L L L 0 L L L L L

-60 40 20 0 20 40 60 -60 -40 20 0 20 40 60
Crank Angle (Deg) Crank Angle (Deg)

80 T T T T T 80 T T T T T
c) B2HA1.0 - d) B2HT1.0 =
C 3 ‘: I"".'_'_'_'__—' ﬁ
© = @ i —
D et fl | {o DOl | | {e
E P a E N3 g
Z 2 8
< I [ - 1o
o 5o 40 5
= T 5 =
5 £ 3 £
£ > £ =
3 = 520 | 1e
(1) (1]
@ @
= | =

0 L L L L L O L L L L L
-60 -40 -20 0 20 40 60 60 40 -20 0 20 40 60

Crank Angle (Deg) Crank Angle (Deg)

Figure 2. In-cylinder pressure variations and mean cylinder pressure with 100% engine load at 1800 rpm.

Figure 2 plotted a mean cylinder pressure and 200 consecutive cylinder pressure curves against the crank angle degree
with constant engine speed at 1800 rpm with 100% engine load was used for all the test fuels. From Figure 2, it depicted
that the engine produced more cyclic variations when running with B20, B2ZHA1.0 and B2HT1.0 compare to BO.
Referring to Figure 2(c), B2ZHA1.0 has greater variations of cylinder pressure curves produced from the engine. Whereas,
the mean cylinder pressure results showed that BO has the highest mean cylinder pressure at 71.2 bar when compared to
B20 at 67.7 bar, followed by B2ZHA1.0 and B2HT1.0 at 62.1 and 68.5 bar, respectively. It can be concluded that with the
addition of antioxidant of BHA and BHT, lower cylinder pressure was attained in biodiesel-antioxidant blends. Referring
to Figure 2, the antioxidant blended fuels have lower peak occurred. The reason is due to their higher CN that is resulting
in shorter ignition delay as agreed by Kivevele & Huan [22] and Rashedul et al.[23].

The indicated mean effective pressure (IMEP) describes a specific combustion cycle [24]. Thus, the IMEP time series
data were collected for 200 consecutive cycles of the cylinder pressure data at specific engine test condition (1800 rpm
engine speed with full engine load). It can be observed that BO and B20 produced a greater IMEP compared to other test
fuels at 100% engine load as shown in Figure 3. Furthermore, Figure 3 also reveals that BO is the most stable fuel during
combustion as the IMEP distribution concentrate near the mean IMEP line for 200 consecutive cycles. The highest
average IMEP logged is BO at 7.1 bar while B20 at 6.6 bar, followed by B2HT1.0 and B2HA1.0 at 6.4 and 6.3 bar,
respectively. Biodiesel-antioxidant blends tend to have lower IMEP from other test fuels (BO and B20) due to the
antioxidant additives ability that hindered the fuel transformation [25] and reduction of oxidative free radical formation
[26], which led to producing less efficient combustion.
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Figure 3. Variation of IMEP with 100% engine load at 1800 rpm.
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Figure 4. COVIMEP with 100% engine load at 1800 rpm from 200 consecutive cycles.

Another essential measure of cyclic variability is the COV in IMEP. Figure 4 shows the non-repeatability of the value
of indicated mean effective pressure (COVIMEP) for all test fuels. It can be observed that in the case of both antioxidants
treated fuels, the existent of antioxidant content in the fuel leads to an increase in the COVIMEP coefficient, which results
in reducing engine operation stability. This may occur from the antioxidant ability to inhibit the prompt of NOx formation
and the oxidation of the oxygen content during combustion and make the combustion less efficient [23]. Thus, reducing
the speed and intensification of the combustion process. B2ZHA1.0 fuel is observed has the highest COVIMEP at 0.034%.
This means that the combustion of biodiesel blends with antioxidant additions is very stable without large cycle-by-cycle
variations. It can be concluded that all the test fuels were considered to have an even and stable operation, for which the
COVIMEP was much lower than the acceptable limit for reciprocating combustion engine about 10% [27].

CONCLUSION

The properties of the test fuels including the biodiesel-antioxidant (BHA and BHT) blends cyclic variations in this
research work were studied and assessed compared to the BO and B20 as baseline fuels. COVIMEP was used to analyze
the engine cyclic variations of the test fuels. The conclusions are as follows:

i The outcomes from fuel properties examination display an increase in viscosity and density of biodiesel
blends with BHA and BHT antioxidant.
ii. The COVIMEP was evaluated and designates that the IMEP for each test fuel produces the engine stability.
The engine has poorer stability when having a higher COVIMEP value.
iil. It is discovered that the highest value of COVIMEP belongs to B2HA1.0 as compared to other test fuels.
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