International Journal of Engineering &Technology, 7 (4.24) (2018) 157-162

International Journal of Engineering & Technology

Website: www.sciencepubco.com/index.php/IJET

SPC

Research paper

Performance and Emission Characteristics of Homogeneous
Charge Compression Ignition Engine with Different Bio Diesel
Fuels

P Moulali**, T H Prasad® and B D Prasad®

“! Research Scholar, Department of ME, INTUA, Ananthapuramu-515002, AP, India.
2 Department of ME, Sree Vidyanikethan Engineering College, Tirupati-517102, AP, India.
% Department of ME, JNTUA College of engineering, Ananthapuramu-515002,AP, India
*Corresponding author E-mail:moulalip20@gmail.com

Abstract

In this paper the emission characteristics and performance of various bio diesel fuels (Tyre pyrolysis oil (TPO), Micro algae oil and Pig
animal fat oil) were experimented. A single cylinder, water cooled diesel engine was modified in to homogeneous charge compression
ignition engine (HCCI) with adopted port fuel injection (PFI) technique. The effects of air fuel ratio, intake temperature, injection pres-
sure and EGR rate exhaust emissions were explained in a broad manner. The analysis of the exhaust emissions are integrated to oxides of
Nitrogen (NOx), Carbon Monoxide (CO), unburned hydro carbons (UHC), smoke and soot. The performance analysis was also included
on specific fuel consumption and break thermal efficiency. The basic requirements for HCCI engine is the homogeneous mixture prepa-
ration of air and fuel. This mixture formation was done by adopting port fuel injection technique and external devices were also used for
bio diesel vaporization and mixture preparation. The combustion processes were measured with different EGR system. The experimental
results of different bio diesel fuels with HCCI engine mode were recorded and evaluated. A small increase in CO and HC emissions were
observed with increasing bio diesel content due to slow evaporation rate of bio diesel. A significant reduction in NOx emission was also
observed with respect to difference in bio diesel blends. Micro algae oil was found more stable compared with other bio diesel fuels due
to the property of fuel vaporization and low heat releasing.

Keywords: Performance characteristics; emission characteristics; homogeneous charge compression ignition engine; micro algae oil; tyre pyrolysis oil;

pig animal fat oil.

1. Introduction

Now a day’s many automobile industries are looking for alterna-
tive technology in Internal Combustion (IC) Engine. A promising
alternative is Homogeneous Charge Compression Ignition (HCCI)
engines as it produces low emissions of NOx and particulate Mat-
ter (PM). In an IC engine, HCCI combustion can be achieved by
premixing the air-fuel mixture and compressing it until the tem-
perature is high enough for auto ignition (just like in the CI en-
gine). The main challenges of HCCI engine are to control the
combustion and to prepare the homogeneous mixture. In HCCI
engine, a homogeneous charge is prepared by port fuel injector
technique that injects the fuel on the inlet air stream to form pre-
mixed charge. The external mixture formation has the major prob-
lem of higher UHC emissions.

In 1997, Gray and Ryan used an electronic port fuel injector
mounted 15 mm diameter upstream of the inlet valve; this was
used for injecting fuel into the intake air for HCCI mode engine
operation U In 2000, Christensen and Johansson has been noted
that with the variation in the equivalence ratio the CO and HC
emissions also increases, as the combustion becomes highly in-
complete due to lack of time for fuel mixing with air or by lack of
oxygen?. In 2002, Zhao H, Li J, Ma T, Ladommatos N conducted
experiment on the 4 stroke multi cylinder gasoline engine with the

CAI combustion and analysed the Performance and analysis®’. In
2003, Tsolakis et al., to performed on The HCCI engine has at

tracted a lot of attention in the combustion process for its low NOx
emissions, low fuel consumption and high thermal efficiency
characteristics®!. In 2005, Odaka et al., was used earliest pre-
mixed/ direct injected system for HCCI operation. In this system,
most of the fuel was injected into the intake manifold to form a
homogeneous charge. The premixed charge was injected with
small amount of fuel directly to the cylinder. The system achieved
a reduction in both NOx and smoke emissions better than conven-
tional diesel engine.

The major problem of modifying conventional diesel engine to
HCCI mode engine is the controllin[g of the combustion and pos-
sible high emission of CO and HC 51 In 2007, Chisti,Y al., In
Bio diesel fuels consider an alternative fuels; bio diesel extracted
from the crops, they concluded that the waste cooking oil and
animal fat oil cannot realistically satisfy even a small fraction of
the existing demand for transport fuels® and L. Xingcai et al., was
conducted the experiment on HCCI engine and studded on the
cycle-by-cycle variations of combustion by using primary refer-
ence fuels and their mixtures™ . In 2008, Himabindu et al has
performed on the HCCI combustion of diesel fuel with external
mixture formation technique revealed that NOx emissions reduced
by 45-95% with 0-30% EGR at 75% load compared to conven-
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tional diesel combustion. In similar fashion, the smoke emissions
reduced by 40-83% for the same load (75%) with 0-30% EGR
compared to that of conventional diesel operation. Furthermore
the recent studies on HCCI combustion characteristics using pre-
mixed charge disclosed significant reductions in both NOx and
smoke emissions [8, 11, and 17]. In 2010, Ramesh, S et al., and
2012 singh AP were used HCCI engine and studied the perfor-
mance of the engine using various bio diesel fuels [9, 12-14]. In
2015 A.Avinash, et al., conducted experiment on Lean homogene-
ous combustion using external mixture formation technique used
as an E-diesel fuel and performed emission analysis [15]. In 2017,
Akhilendra pratap singh Partially used low volatility fuel and per-
formed Homogeneous charge compression Ignition Engine[®.
The bio diesel produced from vegetable oil and animal fat using
alcohol such as methanal, ethanol or butanol along with catalyst.
The researcher focused on the production of bio diesel by using
high oil content crops. Selected bio diesel micro algae oil is uni-
cellular, photosynthetic micro organisms. They also grow ex-

tremely fast. Major problems in homogeneous mixture preparation:

it required high intake temperature of air for external mixture
preparation, this paper proposed preparation of the homogeneous
mixture with the external mixture formation to control the com-
bustion and ignition by using the ECU. The air heaters were used
for heating the intake air based on the performance of the fuels.
This research investigated different bio diesel fuels like TPO,
Micro algae oil and Pig animal fat oil at constant speed of 1500
rpm. Exhaust gas recirculation was used up to 30 % to reduce the
HC and CO of HCCI mode engine.

2. Experimental setup

The single cylinder, four strokes, water cooled, Direct Injection
engine with eddy current load engine to modify into HCCI mode
engine. It is adopted with external mixture formation technique as
shown in Figl. The engine specification details are listed in the
Table 1. The amount for fuel injection and injection timing were
controlled by ECU depending on engine speed and load. Eddy
current dynamometer was controlled manually and the load ap-
plied was displayed in the digital meter on control panel. Experi-
ment conducted at a speed of 1500 rpm, the conditions of engine
running, speed and temperature (inlet air temperature, outlet air
temperature, and combustion temperature) were displayed in the
digital meter. The quantity of exhaust gases form the exhaust man-
ifold was maintained and the fresh air temperature was measured
through the temperature sensors and connected to the control
unit. Exhaust gases were controlled by manual control valve. In-
crease in EGR increases inlet temperature and slows down the
combustion processes. It resulted decrease in peak pressure and
heat release and therefore longer combustion rate was achieved
and efficiency increased along with EGR.

The transesterification process was conducted to extract the bio
diesel fuels. The extracted bio diesel fuels were blended with the
pure diesel fuel in the ratio of 20 % bio diesel and 80% diesel
(B20) and 40% bio diesel fuel and 60 % Diesel fuel (B40). The
properties of the bio diesel fuel were maintained as per the ASTM
standard.

The properties of the diesel fuel, bio diesel fuel are listed in the
Table 2, properties of the blended bio diesel fuels for B20 and B40
are presented in the Table 3, 4 and 5. The better combustion was
achieved by Exhaust gas recirculation process. Before to the man-
ifold inlet, fresh air was mixed with 10 % of EGR. The experi-
ment was conducted for different blends of the bio diesel
fuels at constant operation of EGR with variation in the inlet tem-
perature based on the performance of the bio diesel fuels. The
performance and emission characteristics are compared between
the unmodified direct injection diesel engine and modified HCCI
engine with pure diesel fuels. The optimum operating conditions

was also observed for the blended bio diesel fuels. Table 1 shows
the exhaust emission ranges of Gas analyser and smoke analyser,
it was used to measure the emission of HCCI-mode engine, such
as NOx, PM, HC, CO, and CO. AVL smoke meter measure the
exhaust smoke of the engine.

® ke

Fig1: Schematic diagram for experimental work

Table 1: Engine

S.No Specification Ranges
1 Make Kirlosker
2 Type 4S1C
3 Type of cooling Water-Cooled
4 Stroke 110 mm
5 Compression ration 17.5:1
6 Bore 87.5
7 Rated Speed 1500 rpm
8 Rated power 4 KW
9 Orifice diameter 13.6 mm
10 Co efficient of discharge 0.64
11 Type of sensors K-type
12 Fuel injection pressure 2.5-3 bars
g Fuel injectors 4
14 AVL Di-Gas Analyzer Nox — 0-500 ppm
HC- 0-1000ppm
CO-0-10%
C0O2-0-20%
15 AVL Smoke meter 0-100
16 Engine water flow 120Iph
17 Inlet temperature measurement RTD
Table 2: Fuel properties
. Micro Tyre Pyroly- pig
S.No Pror;ﬁrtlles el Diesel algae sis Qil animal
els oil (TPO) fat oil
L | By 823 868 903 920
(Kg/m®)
2 Calorific
valve (MJ/Kg) 42.6 40.23 39.8 38.85
3 Kinematic
viscosity  at 3.01 4.52 35 33
40°C
4 Cetane  Num- 52 47 46 42
ber
5 Flash point °C 51 113 46 44
6 Fire Point °C 57 120 52 51
7| Boilingpoint 1180~ | 575430 | 100360 | 70-360
360
Table 3: Main Properties of the Blended Fuels: Micro Algae oil
Properties of Fuels B20 B40
Density (Kg/m®) 837 843
Calorific valve (MJ/Kg) 44.3 43.6
Kinematic viscosity at 40°C 2.67 2.93
Cetane Number 50 49
Specific Gravity 0.837 0.843

Table 4: Main Properties of the Blended Fuels: TPO

Properties of Fuels B20 B40

Density (Kg/m®) 887 894
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Calorific valve (MJ/Kg)

37.75 35.12

Kinematic viscosity at 40°C 56 5.82

Specific Gravity 0.887 0.894
Table 5: Main Properties of the Blended Fuels: Animal Fat Oil
Properties of Fuels B20 B40
Density (Kg/m®) 874 889
Calorific valve (MJ/Kg) 37.68 34.92
Kinematic viscosity at 40°C 4.8 4.98
Specific Gravity of the fuel 0.874 0.889

3. Results and discussion

Single cylinder four stroke water cooled diesel engine was mod-
ified in to HCCI engine with port fuel injection system. This
research was experimented with different bio diesel fuels likely
TPO, micro algae oil, pig animal fat oil. The results were ana-
lysed for different operating conditions at the constant speed of
1500 rpm. The intake air temperature was selected based on the
air- fuel ratio. At higher intake air temperature, richer mixture
of fuel-air has advanced ignition timing and rate of pressure rise
is also very high, which leads to knocking combustion. To avoid
the knocking combustion, engine is operated at leaner mixture
thus the IMEP is lower.

3.1 Break Thermal Efficiency

As shown in Fig 2 variation of the break thermal efficiency with
three different bio diesel fuels on conventional engine and modi-
fied HCCI engine with variation of intake temperature based on
the performance of the air- fuel ratio were recorded. Bio diesel
fuel were blended for the ratio of B20 (diesel fuel 80 % and bio
diesel 20%) and B40 (diesel fuel 60 % and bio diesel 40%). The
increase in the break power resulted further increase in the break
thermal efficiency of the fuel. The observed break thermal effi-
ciency of the conventional diesel engine is 34.15 % and HCCI
engine running with diesel fuels is 32.13 %.

Variation in BTE with the variation of the three different bio die-
sel fuels with blends B20 and B40 are shown in the Fig 2 and 3
respectively. All the four cases break thermal efficiency of the
engine was increased with increase in break power. The BTE is
observed all the blends of three different bio diesel fuels and the
optimum level was achieved at B20. The BTE among three differ-
ent bio diesel fuels, the algae oil is more compared to Pig animal
fat oil and TPO at B20. Micro algae oil is 15.68%, 22.58%, 29.1%
and 32.4% at different load conditions. Similarly the animal fat oil
BTE at B20 is 22.56 % and for TPO at max load conditions re-
ported 22.52 %.

Fig 3 shows the performance of three different bio diesel fuels
blended with B40. The increase in the break power also increased
the BTE, compared with B20 it is slightly decreases, because of
viscosity of the fuel is higher than B20. Viscosity increases than
BTE decreases, increases blends always decreases the BTE. Break
thermal efficiency of algae oil is more than the remaining two
different fuels as shown in the Fig 3.
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3.2 Specific fuel consumption

In Fig. 4 and 5 shows the variation of the specific fuel consump-
tion with variation of the break power on HCCI engine. In general
HCCI engine have been consumed less amount of fuel than the
conventional unmodified diesel engine. The Fig. 4 and 5 indicates
that the bio diesel fuelled HCCI engine has higher specific fuel
consumption compared to diesel fuelled HCCI engine, as the calo-
rific valve of bio diesel fuel is lower than diesel fuels. The Bio-
diesel blends and it continuously increases with increasing bio-
diesel content in the test fuel were clearly observed. At higher
blend (B40), SFC showed a different behaviour due to relatively
dominant EGR than biodiesel content. Inlet temperature also ef-
fected the SFC consumption. Inlet temperature increases as the air
molecules are extended and reduce the volumetric efficiency of
the air. Minimum specific fuel consumption was achieved at part
load condition. The experimental results in the graph indicated
that among three different fuels the micro algae oil is encountered
with less specific fuel consumption than other two fuels, as the
calorific value of micro algae oil is more than other diesel fuels.
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3.3 Oxides of Nitrogen

The main advantage of HCCI engine is to reduce the oxides of the
nitrogen. The figure 6 and 7 shows the variation of the oxides of
nitrogen for different bio diesel fuels with B20 and B40 blends.
The unmodified diesel engine is produced more oxides of nitrogen
than HCCI mode engine. In bio diesel fuels the diesel engine pro-
duced high amount of oxides of nitrogen because of high cetane-
number. Also it reduced the ignition delay and ignition duration
which produced high knocking and combustion temperature. Bio
diesel fuels running with the HCCI engine mode produced less
amount of NOx because of lean mixture proposition. It is observed
from the figure 6, the oxides of the nitrogen were 200 ppm, 742
ppm, 948 ppm, and 1098 ppm in the diesel engine reduced to 84
ppm, 233 ppm, 459 ppm, 629 ppm at HCCI engine with diesel
fuel. At HCCI engine mode the micro algae oil is produced less
NOx compared to other fuels. Fig. 6 and 7 shows the oxides of
nitrogen; the B20 produced less amount of NOx than B40.
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3.4 Carbon Monoxide (CO)

The emission of carbon monoxide has favoured the incom-
plete combustion and high temperature. The figure 8 and 9
shows the variation of CO with different bio diesel fuels with
different inlet temperature of unmodified engine and HCCI
mode engine. One of the major disadvantages observed on

unmodified diesel engine was less CO than compared to HCCI
Diesel engine because of air fuel mixture created before start
of combustion processes in HCCI engine. To prevent the rich
mixture in the combustion chamber, fuel was spared in to the
entire cylinder to make the lean mixture. The Fig. 9 shows the
bio diesel fuel running with the HCCI mode TPO produced
less CO than other bio diesel fuels and also less than the fossil
fuel. The reduction of CO in the emission influences the pres-
ence of rich mixture in the combustion chamber. The presence
of oxygen is more in bio diesel fuels; engine with bio diesel
fuels CO is converted to carbon monoxide. The Fig. 9 shows
that the CO was reduced than other fuels. The blend B20 was
optimal because of inside the combustion is prepared in rich
mixture.
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Fig.9: Carbon monoxide in B40
3.5 Smoke Density

The variation of the smoke density with the break power is shown
in the Fig. 10 and 11. The smoke density produced in the unmodi-
fied engine was more than HCCI mode engine. Among three dif-
ferent bio diesel fuels the micro algae oil produced less smoke
density because of more oxygen content in micro algae oil induced
complete combustion in the engine cylinder. The Fig. 10 repre-
sents the smoke densities of different fuels with a blend of B20.
The micro algae oil was reported with 8.4 HSU, 12.6 HSU, 19.5
HSU and 26.2 HSU for different load conditions. Similarly the
animal fat oil was recorded with 7.6 HSU, 14.5 HSU, 19.6 HSU,
31.2 HSU and TPO was recorded with 9.2 HSU, 17.5 HSU, 22.3
HSU, and 28.7 HSU for different load conditions. The perfor-
mance of fuel property induced the variation in the temperature;
temperature increases/ decreases influenced to decrease the smoke
density up to 140 °C based on fuel property. The Fig. 10 shows the
smoke density of the various bio diesels blend. The observed re-
sult indicates the smoke density was increased than B20 fuels, as
because the viscosity of the fuels increased and therefore inside
the combustion attained rich mixture.
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3.6 Hydro Carbon (HC)

Hydro Carbon is having disadvantage in the HCCI engine, be-
cause of HCCI engine all the operating condition is lean mixture
preparation. Air/ fuel mixture has reduced the combustion temper-
ature and pressure in HCCI engine mode. Low combustion tem-
perature produced high amount of the Hydro carbons as shown in
the Fig. 12. The variations of the hydro carbons of different bio
diesel fuels with HCCI mode engine, at minimum load condition
produced less amount of the HC at minimum load condition.
However, the hydro carbons were increased along with the in-
crease in load. The amount of HC can be controlled in the HCCI
engine through recirculation of exhaust gas and increasing the
inlet temperature; it causes to increases the combustion tempera-
ture to control HC in HCCI engine mode. The Fig. 12 and 13 indi-
cates the variation of HC of different bio diesel fuels with blends
of 20 % and 40 % of the bio diesel fuels. The 40 % of bio diesel
fuels were produced less amount of the hydro carbons than the 20 %
of the bio diesel fuels by circulating the EGR and inlet air temper-
ature reduced 15 % ppm.

90

80 —

70

H

a 60 - ‘
= M DI+Diese

5 50 -

=2

5 a0 - W HCCl+Diesel
_g 30 - HCCl+Algae
S

I

20 - W HCCl+Animal fat

10 - = HCCI+TPO

[

1 2 3 4

Break power in KW

Fig.12: Hydro Carbon with B20

90
80
70 4

H

2 60

e m Dl+Diesel

s 50 4

§ a0 - M HCCl+Diesel

o

2 30 HCCl+Algae

z 20 W HCCl+Animal fat
10 4 = HCCI+TPO

1 2 3 4

Break power in KW

Fig.13: Hydro Carbon with B40

4. Conclusion

The performance and emissions of HCCI engine with different bio
diesel fuels at constant speed 1500 rpm was experimented. Change
of the inlet temperature based on the performance of the fuels and
blended bio diesel fuels are 20% and 40 % with pure diesel.

The achieved break thermal efficiency of the HCCI —mode engine
was less than the unmodified diesel engine. The optimum break
power observed at temperature between 120 - 140°C operated
under HCCI mode with micro algae oil for blends of 20 %. The
performance of algae oil was nearly equal to the diesel fuel.

The specific fuel consumption of HCCI mode engine running with
diesel fuels were less than bio diesel fuels. The fuel consumption
of bio diesel fuels was continuously increased along with increase
in their blends. Fuel consumption is optimum at B20 with varia-
tion of the temperature between 110 °C to 130°C based on the fuels
properties.

The HCCI engine has very low NOx emissions compared to con-
ventional diesel engine due to lean air/fuel complete combustion
inside the engine operated low temperature. Less amount of the
oxide nitrogen was produced in HCCI mode engine. Micro algae
oil produced less amount of NOx than other two bio diesel fuels.
Increases in loads produced high NOx in the HCCI mode engine.

The HCCI engine produced more CO than the unmodified diesel
engine. CO was increased when the engine was running with lean
mixture and produced low temperature. As the HCCI engine was
completely operated under lean mixture condition, high amount of
CO was produced. The excess of oxygen present in the bio diesel
fuels reacted with carbon dioxide and resulted to more carbon
monoxide. The results indicate that the TPO was produced less
amount CO than other two fuels. Micro algae oil consists of more
amount of oxygen.

The HCCI produced very less amount of the smoke density than
conventional diesel engine, the HCCI mode engine with micro
algae oil produced less smoke density at all load conditions.

The HCCI engine was also produced more amount of HC than
conventional diesel engine. HCCI engine was attained 83.5 ppm
and conventional diesel engine attained 51.2 ppm. The HC was
reduced in HCCI engine under the bio diesel fuels operating con-
ditions with minimum at 40 % of the blends.
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