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Abstract: The main objective of this research is to compare the
performance of diesel engine operating with diesel; biodiesel and
biodiesel enriched with hydrogen as the inducted fue to
overcome the problems created by Biodiesel. Analysis was
carried out for various parameters like Performance, Emission
and Combustion emission parameters The brake thermal
efficiency was increased with the utilization of Biodiesd
enriched with hydrogen. And brake specific energy
consumption fuel decreased as hydrogen enrichment increased.
Peak combustion temperature increases and the carbon
monoxide emission decreases with increase in hydrogen
addition. All the hydrogen enriched fuel shows less ignition
delay. The maximum thermal efficiency was recorded with
hydr ogen enrichment. Finally the compar ative study provesthat
use of Biodiesel fuel with hydrogen as inductive fuel is more
efficient than diesd fuel and Biodiesel without hydrogen
enrichment.

Index Terms— Biodiesel; Hydrogen; Emissions;, Efficiency;
Combustion; Inductive Fuel

1. INTRODUCTION

In recent years, due to reduction of finite petnobe
resources, and both environmental pollution crte
researchers give to particularly a distinctimpoctarmon the
usage of alternative fuels in internal combustiomgiees
(ICEs). Emission from engine exhaust is series lprabfor
environment point of view. For that search for raitgive fuel
is encouraged. In view of the fast depletion ofibkiel, the
search for alternative fuels has become inevitdbtEing at
huge demand of diesel for transportation sectoptiva
power generation and agricultural sector, the lgiegli is
being viewed a substitute of diesel.

The main problems with the use of Bio diesel inirag
are higher smoke levels, higher viscosity and lothermal
efficiency as compared to diesel. The problem catebkled
by inducting a gaseous fuel in the intake manifdithg with
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air. In this investigation, hydrogen is used as itiducted
fuel. It is expected that, the problems associatéti Bio
fueled engine like smoke and hydrocarbon emissaamsbe
brought down by supplying hydrogen in small quasdit
along with air. Experiments were conducted to eataluhe
performance emission and combustion parameters in a
compression ignition engine primarily fuelled witan
emulsion of bio-oil produced from pyrolysis of biass
source and with different quantities of hydrogeninge
inducted.

Compression Ignition engines have become an
indispensable part of modern life style becaudheif role in
transportation and mechanized agriculture sectohe T
dwindling sources of conventional fossil fuels, ithever
increasing demand and prices have prompted thetstge
and researchers to find alternate fuels for diesweiines.
Known crude oil reserves are estimated to be exbdus
less than 50 years at present rate of consumption.
Consequently, countries lacking such resourcesfaring
foreign exchange crisis, mainly due to the impdrthe fuels
[1]. A number of alternative fuels such as ethanwdthanol,
hydrogen, Compressed Natural Gas (CNG), liquefiatuhal
Gas (LNG), Liquefied Petroleum Gas (LPG), Dimethtter
(DME) and vegetable oils have been used as alteenfatels,
however biodiesel has received a considerabletatteto be
used as a substitute fuel for conventional petraleu

Biodiesel has already been commercialized in the
transport sector and can be used in diesel engiitedittle
or no modification [2]. Biodiesel and its blends thvi
conventional diesel are environment friendly argirtise in
diesel engine results in reduced exhaust pollutaads
compared to conventional diesel fuel [3]. It is Miehown
that biodiesel is a carbon —neutral fuel and itdhgl use will
result in diminution of green house gas emissidn Réidolf
Diesel, the inventor of diesel engine, is the findto used
peanut oil as alternative fuel for diesel enginghat 1900



I nter national Journal of Ethicsin Engineering & Management Education
Website: wwwe.ijeee.in (ISSN: 2348-4748, Volume 1, I ssue 5, May 2014)

world exhibition in Paris. Speaking to the Engiregr
Society of St. Louis, Missouri, in 1912, DieseldsdiThe use
of vegetable oils for engine fuels may seem ingicput
today, but such oils may become in course of tirass
important as petroleum and the coal tar productpresent
times” [5]. However, the undesirable injection and
combustion problems caused by the higher viscadityeat
vegetable oils were the main obstacles in their ase
alternative fuel. This issue has been resolved diygusome
suitable techniques like dilution, pyrolysis,
transesterification, preheating and emulsion to ethyl
esters of such oils [6]. These methyl esters ofmahiand
vegetable oils are called biodiesel, and are biingstigated
for use as fuel for modern diesel engines due ¢o tHeaner
burning tendency and environmental benefits.

ENERGY FROM BIO MASS

Biomass is organic matter produced by plant, bettestrial
(those grown on land) and aquatic (those grownatery and
their derivatives. It includes forest crops anddess, crops
grown especially for their energy content on ‘eyefarms’
and animal manure. Unlike coal oil, and natural, geisich
takes millions of years to form, biomass can besm®red a
renewable energy source because plant life renedsadds
to itself every year. It can also be consideredranfof solar
energy as the latter is used indirectly to grows¢hplants by

Properties Diesel Vegetable oil
Viscosity at 30 °C

3.06 69.6
Density (kg m°) 860 911
Flash point (°C) 76 230
Pour point (°C) -16 -3
Cloud point (°C) -10 0
Carbon residue (%) 0.1 0.71
Ash content (%) 0.01 0.04
Sulphur content (%) 0.05 -
Calorific value (kJ/kg) 42,490 38,416
Cetane number 50 39

photosynthesis. As the word-clearly signifies; bém® means
organic matter and photo-chemical approach to Isarselar
energy means harnessing of solar energy bi phatiosgis.
Solar energy is stored in the form of chemical gneMHence
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Solar energy
generation

Out of several sources of renewable energy like
solar, wind, ocean thermal energy, tidal wave energ
geothermal energy, nuclear energy, energy througimdss
are important feature in our country[2]. Bio massaurces
fall into to three categories:

One is Biomass in its tradition solid mass (woodd an
agriculture residue). Second one is biomass in non-
traditional form (converted into liquid- fuels). &hfirst
category is to burn the biomass directly and getethergy. In

the second category, the biomass is converted atitanol
and methanol to be used as liquid fuels in engimas. third
category is to ferment the biomass an aerobicallghtain a
gaseous fuel called bio gas.

VEGETABLE OILS AS ALTERNATIVE FUELS IN CI
ENGINES

The inventor of the diesel engine, Rudolf diesel, i
1885, used vegetable oil (peanut oil) as a diesel for
demonstration at the 1900 world exhibition in PaBjgeaking
to the engineering society of St. Louis, Missouimi,1912,
diesel said, ‘the use of vegetable oils for endungds may
seem insignificant today, but such oils may becimmurse
of time as important as petroleum and the cogbtaducts of
the present times’ [5]. The ideal diesel fuel males are
saturated non-branched hydrocarbon molecules vetbon
number ranging between 12 tol8 whereas vegetabile oi
molecules are triglycerides generally with no breettchains
of different lengths and different degrees of safan. It may
noticed that vegetable oil contain a substantiabam of
oxygen in their molecules structure. Fuel propesrfier the
combustion analysis of vegetable oil can be grouped
conveniently into physical, chemical, and thermalperties.
TRANSESTERIFICATION OF VEGETABLE OILS:

In transesterification of vegetable oils, a trigyide
reacts with three molecules of alcohol in the peese of
catalyst, producing a mixture of fatty acids alledtersand
glycerol. The overall process is a sequence of ethre
consecutive reactions, in which die- and monogigesr are
formed as intermediates. [9] Transesterification as
reversible reaction thus; excess alcohol is usedctease the
yields of the alkyl esters and to allow its phaspasation
from the glycerol formed.

Conversion of vegetable oil to biodiesel is effedy several
parameters namely

@ Time of reaction,

(i) Reactant ratio (Molar ratio of alcohol to

vegetable oil),

(iii) Type of catalyst,

(iv) Amount of catalyst, and

(v)

Temperature of reaction.
Comparative properties of Vegetable oil and Diesel
1.6.3 EXPERIMENTAL SETUP:
Reaction or transesterification was carried ougin
system in system. Reactor consisted of spheriaskflwhich
was put inside the heat jacket. Oil was used asiumredf

->Photosynthesis>Biomass>Energy
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heat transfer from heat jacket to the reactor.

]

Thermometer

Water Outlet

Water Inlet

Heat Jacket

(s ]

Fig . Experimental set up of biodiesel production

Thermostat was a part of heat jacket, which
maintained the temperature of oil and in turn gmagerature
of the reactants at a desired value. The reactas carried
out at around 65-7GC. Spherical flask consisted of four
openings. The centre one was used for puttingestirr the
reactor[10]. The motor propelled the stirrer. Themeter
was put inside the second opening to continuousiyitor
the temperature of the reaction. Alcohol being tiaa
vaporized during the reaction so the condenserpuag the
third opening. To reflux the vapors back to thecteato
prevent any reactant loss. Fourth opening was fosefdling
reactants to the reactor.

EXPERIMENTAL PROCEDURE:

A known quantity of karanja oil (100ml for each
run) was taken inside the reactor and heated attat@®’C.
This temperature was maintained throughout theticraby
the thermostat inside the heat jacket. Preheatig wged to
remove unwanted moisture present in the oil. The
transesterification was carried out in basic mediamnad to
achieve it, KOH was used as a catalyst. Catalyss wa
dissolved in alcohol (MeOH)[9]. Once the oil tenmgtere
reached 70°C, alcohol solution (containing dissolved
catalyst) was added to the reactor and an equilibri
temperature was maintained. During the reactionatbehol
gets vaporized. To prevent any reactant loss camlenas
used to condense the alcohol vapor and refluxdk lrato the
reactor. Condenser was also helpful in maintainthg
atmospheric pressure inside the reactor.

Once the reaction was over the products were taken
out through the outlet in the lower side of thecteaand put
in the separating funnel. Two phases (having differ
density) are formed as a result of transesterificat
Separation was done using a separating funnel r@tima
took around two hours) . Upper layer consistediotliesel,
alcohol, and some soap (formed as a result of rEdetion
saponification — free fatty acids get converted stwap).
Lower layer consisted of glycerin, excess alcolvakalyst,
impurities, and traces of unreacted oil.

Purification of upper layer (to obtain biodieselasvdone in
two steps.

137

() Removal of alcohol — by keeping mixture at elevated
temperature ~ 80 Celsius.

(i) Removal of saponified products — by washing
with warm water. Water is immiscible with
biodiesel, hence can be easily separated from
biodiesel.
HYDROGEN

Hydrogen is a high quality carrier which can
be used with a high efficiency and zero emissidribe
point of use. It has technically demonstrated that
hydrogen can be used for transportation, heatind, a
power generation, Hydrogen has very low density bot
as gas and as liquid. Hydrogen is also a potefit&ll
for internal combustion engines. Hydrogen is an
attractive alternative fuel due to the fact thatan be
produced from fossil fuels. Alternative fuels are
available in the form of solid, liquid, and gasoBiass,
biodiesel from different vegetable oils respectvel
which are commonly used to run the internal
combustion engine. Although these fuels are uges); t
generate considerable pollutants from the internal
combustion engines. Hydrogen is largely availaliid a
renewable in nature. Hydrogen is clean burning fuel
among all other alternative fuels. Hydrogen hashhig
auto ignition temperature and energy density. The
higher auto ignition temperature of hydrogen linitts
use as a sole fuel in diesel engines. Hydrogendes
flammaubility limits which make it to burn in an aral
combustion engine over a wide range of air-fuel
mixtures [12]. Hydrogen can burn on lean mixture an
it is possible to achieve greater fuel economy. idgen
also has higher flame speed and mass diffusivity
compared to other gaseous fuels. Hydrogen mixed in
the intake air in small quantities improves thermed
efficiency and reduce the smoke emissions of aetlies
engine.
ADVANTAGES OF HYDROGEN AS FUEL FOR I.C
ENGINES
The merits of hydrogen as a fuel are given below;

[0 Hydrogen —air mixture burns early 10 times faster
compared to gasoline air mixture. Being burning
rate considerably high it is more preferred in high
speed engine. As the burning rate are very high,
working approaches to instantaneous combustion of
an ideal Otto cycle performance.

Hydrogen ignition limits are much wider. So it can
burn easily and give considerably higher efficiency
Its clean exhaust is the most attractive featurallof
As it does not produce carbon dioxide, there is no
green house effect.

The exhaust heat can be used to extract hydrogen
from the hydride reducing the load on engine.

Less cyclic variations are encountered with
hydrogen than with other fuels even for very lean
mixture operation. This leads to a reduction in
emissions, improved efficiency, and quieter and
smoother operation.
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METHODS OF HYDROGEN IN COMPRESSION
IGNITION ENGINES
As far as the utilization of hydrogen in compreasio

ignition engine system is concerned, the techniqoés
hydrogen induction play a very important role [1Bhere are
basically five different techniques of hydrogenuntion that
were carried out in the last few decades by thearebers.
They are;

" = 7 |

B o I
| \ - i
FUELTAMNK

HYDROGEN “ =
CYLINDER I ——— -~ s
\ FLAMETRAP. FNGINF
¥

‘J SMOKEMETER [ |

[ Carburetion technique
() Continuous manifold injection (CMI) . .
[ Low pressure direct cylinder injection (LPDI) :
[0 High pressure direct cylinder injection (HPDI)
[ Timed manifold injection (TMI) o . . .
[l The above five points are the techniques to Fig : Schematic re?;ifi’;@ﬁg“sgggﬁciﬂg'ﬁe enperal set Up
optimize the basic procedure of induction of
hydrogen on diesel engines HYDROGEN ADMISSION
EXPERIMENTAL INVESTIGATION The engine was modified to operate on hydrogen.
The engine used for the present investigation is a Hydrogen is admitted into the cylinder valve is\pded at
single cylinder, four strokes, air cooled, diredfettion, a distance of 40 cm from the intake manifold. Hygno is
diesel engine. The schematic diagram of the exmetiah  allowed to pass through this valve. A high pressure
setup is shown in Fig 1 and the engine specificaBogiven  hydrogen cylinder is used having inlet pressuré®-@80

in Table 3 Initially the engine was operated with neat diesel kg/cn? approximately 280 bar.
and the performance, emission parameters were aedlu  HYDROGEN SUPPLY
Then the engine was allowed to run with a emulsitade The hydrogen gas is allowed to pass through the

with WPO10 (wood pyrolysis oil) - methyl ester odranja  intake pipe at an outlet pressure of 1bar and giessure and
oil. The compressed Hydrogen gas was introduced by at flow rate of 2lpm and 4lpm. The pressure is l&ga by a

induction technique through the intake manifold. eTh double stage diffusion pressure regulator mountedoothe
performance, combustion and emission parametere wer hydrogen cylinder.

measured and compared with that of diesel baseeings.  gSpecification of pressure regulator is given below:
The hydrogen gas was introduced in two differemvfrates a. Inlet Pressure Max 0-280 kg/eém
like 2lpm and 4lpm respectively. b. Outlet pressure Max 0-07 kg/&Zm
Hydrogen fuel, at a constant flow rate of 2lpm and  Make Kirloskar
4lpm were supplied through a flame arrester anchdlarap 4-stroke  cycle,  singl
and finally it was admitted into the intake pipe gadistance Type of Engines cylinder,
of 40 cms from the intake manifold) where it mixeih air compression ignition engine

and this hydrogen- air mixture was inducted inte émgine
cylinder. Hydrogen fuel from a high pressure cyindvas

inducted through an intake pipe. A double stagéusiifbn Speed(rpm) 1500
pressure regulator was employed over the high press
cylinder. The regulator was used to control theledut Bore 87.5

pressure. Wood pyrolysis oil 10% blended with medster
of karanja oil 90% without hydrogen on volume basiss

introduced from the fuel tank into the engine cyén by Stroke 110
direct injection. Then engine was allowed to runddferent
loads. And also the engine was run with wood pgislyil Compression ratio 175

10% blended with methyl ester of karanja oil 90%thwi
hydrogen at two different flow rates 2lpm and 4lpfhe
performance and combustion parameter is obtained by \ethod of cooling Air cooled with radial fan
computer provided into data acquisition system. AVL
exhaust gas analyser was used to calculate thesiemis
parameter whereas smoke meter was used to get smoke

Injection timi 23deg before TDC
values. Combustion diagnosis was carried out bynsieé a riection timing eg betore
Kistler make quartz piezoelectric pressure transd(ilodel
Type 5395A) mounted on the cylinder head in thedsad Nozzle opening presst 200-205

position.
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c. Inlet Connection: 5/8” BSP (M) LH
Outlet Connection: ¥ inches OD Tub
d. Gas Service: Hydrogen
FLAME TRAP
Flame traps are used in a internal combustion esgifihe
flame trap is jest a tank filled with water witléhand outlet
openings. The water doesn’t allow the flame todiénder.
Flame trap is a safety feature which is designegravent
fire from reaching a fuel supply line. This redudles risk of
explosion or fire, making the system safer to ofgera
ENERGY SHARE BETWEEN HYDROGEN AND MAIN
FUELS
In the present study, the hydrogen 2lpm flow r&@mass
flow rate of hydrogen at all the loads in termskgfhr is
calculated as 0.00984kg/hr.
Energy share of hydrogen (kW) =
mass flow rate of hydrogen (kg/sec) x Lower caionglue
of hydrogen (kJ/kg)
Energy share of hydrogen at all loads was calcdl@te
0.328kW.
Similarly energy share for main fuel was calculategd
using the formula;
Energy share (kW) = mass flow rate of main fleglfsec) x
lower calorific value (kJ/kg).
In the present study, the hydrogen 4lpm flow r&@mass
flow rate of hydrogen at all the loads in termskgfhr is
calculated as 0.01968kg/hr.
Energy share of hydrogen at all loads was calcdlate
0.656kW.
Similarly energy share for main fuel was calculategd
using the formula;
Energy share (kW) = mass flow rate of main fleg¥sec)
x lower calorific value (kJ/kg).
Energy share of hydrogen at all loads was calcdlate
0.328kW.
Similarly energy share for main fuel was calculategd
using the formula;
Energy share (kW) = mass flow rate of main fuelgkg) x
lower calorific value (kJ/kg).

Energy share between hydrogen 1bar WPO-MEK (kw)

3750 12.24 0.328 12.568 97.3 2.6

Ener gy shar e between hydrogen 2 barsand WPO-M EK

Total

Load Energy Energy shareenergy %Energy % Energy

by by share share share by

fuel hydrogen fuel hydrogen
0 2.136 0.656 2.792 76.5 23.4
1000 4.272 0.656 4.828 86.4 135
2000 5.900 0.656 6.556 89.9 10.0
3000 8.240 0.656 8.896 92.6 7.3
3750 10.786 0.656 11.442 94.2 5.7

RESULTS & DISCUSSION:
In the present work, hydrogen gas- air mixture wasd in
the compression ignition engine where WPQO10-megisybr
of karanja oil respectively was used as a main foethe
operation. The performance, emission and combustion
characteristics of WPO10 - methyl ester of karamjawith
hydrogen enrichment of different flow rate compareith
baseline diesel operation.
PERFORMANCE PARAMETERS
BRAKE THERMAL EFFICIENCY

The Variations of brake thermal efficiency with
brake power shown in Fig . The brake thermal efficy was
28.64% and 32.02% with diesel andWPO10 and mettgre
of karanja oil operation respectively at full loddethyl ester
of karanja oil has less viscosity and better vitgttompared
to diesel which causes better injection, mixing and
evaporation characteristics results in a increasmdprake
thermal efficiency.

The brake thermal efficiency was 36.7%, 38.5%
with 2Ipm and 4lpm hydrogen enrichment at full lodde
high flame velocity of hydrogen contributed to ketiixing
of methyl ester with air which leads to improvenseii

% Energy thermal efficiency [25]. Due to better mixing of dipgen
shareby with air, combustion rate gets enhanced resultdhigher

brake thermal efficiency. The maximum thermal édfcy
was recorded with 4lpm hydrogen enrichment. Theireng

Total
Energy energ %Energ

Load Energy share y y

by by share share

fuel hydrogen fuel hydrogen
0 1.475 0.328 1.803 81.8 18.19
1000 2.900 0.328 3.228 89.8 10.16
2000 6.970 0.328 7.298 955 4.0
3000 9.646 0.328 9.974 96.7 3.2
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noise was observed to be more while the enginerwasing

in dual fuel mode. The noise level increased wittréase in
hydrogen admission. This was mainly due to rapid
combustion of WPO10 and methyl ester of karanjdrothe
presence of hydrogen.
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BRAKE SPECIFIC ENERGY CONSUMPTION
It was found that brake specific energy consumption

fuel decreased as hydrogen Enrichment increasesl BBEC
decreased at high load is due to the premixingydirdgen
fuel with air. The BSEC values are 13.23 (MJ/kWimd a
13.57 (MJ/kwh) with diesel and wpol0O operation
respectively at full load [16]. The BSEC was 10.75
(MJ/kWh) and 9.35 (MJ/kWh) with 2lpm and 4lpm hydem
enrichment at full load. The diffusivity and uniformixing
of hydrogen with air leading to near complete costion of
the fuel due to this the fuel consumption gets elased.

25

=>&=WPO-MEK+H2.2LPM

=#=WPO-MEK+H2.4LPM

Brakethermal efficience(%)

20 1

=&~ DIESEL

WPO-MEK

BSEC(MJ/Kw-hr)

5 == WPO-MEK+H2.2LPM

—= WPO-MEK+H2 4LPM

0 1 2 3 4 5
Brake Power(kW)

EXHAUST GAS TEMPERATURE

The variation exhaust gas temperature with brake
power is shown in fig. The trend shows that the EGT
increases with increase in brake power. The exhgast
temperature of 310°C is reached at 2lpm hydrogen
enrichment at full load condition. The exhaust gas
temperature of 380°C is reached at 4lpm hydrogen
enrichment at full load condition. The graph shalat a
better combustion was taking place after enrichment
hydrogen in to the engine [22]. Because of highderse
time associated due to high auto ignition tempeeatof
hydrogen, more charge gets accumulated inside yireder
contributes to increase the exhaust gas temperdiure to
the increase in peak combustion temperature thaustigas
temperature of the hydrogen enriched engine isenigihan
methyl ester of karanja oil and WPO10 and diesel.
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HYDRO CARBON EMISSIONS

The HC emission of wpol0—methyl ester of karanja
oil is lower compared to diesel and wpol0-methykesf
karanja oil with hydrogen is lower compared without
hydrogen [17]. Since hydrogen has no carbon, bgrmh
hydrogen along with wpol0 and wpolO-methyl ester of
karanja oil leads to reduced hydrocarbon level. &d#C
emission is found because of carbon present incatimg oil
as well as WPO-MEK blend. And also because of high
cylinder temperature the carbon particles, present
lubricating oil and main fuel, gets oxidises anderted into
CO..

25.00

=&~ DIESEL

20.00
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—
a
=
S
'

—#— WPO-MEK+H2.

HC(ppm)

_

o
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L

500 1

0.00
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CRANK ANGLE WITH PRESSURE

The fig shows the variation of cylinder pressure
with crank angle. Inducting hydrogen compared tat tbf
while Diesel operation. The advantage in attainpepk
pressure is due to high rate of pressure rise [I%k
advancement in peak pressures while inducting Hgairo
because of instantaneous combustion the peak peefsu
diesel operation at full load is 75.7 bar at 12rdeg after
TDC. WPO at full load the peak pressure 83.4 bar
atlldegrees after TDC. Peak pressure for WPO-MEn2I
hydrogen flow rates are 84.78 bar at 11 degrees abC
and4lpm of hydrogen induction, 87.54 bar at 10 degrafter
TDC,
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IGNITION DELAY
The variation of ignition delay with brake power is

given in fig 16. It is found that the ignition dglavas
decreased with increase in hydrogen addition. Tméion
delay is the time difference between the starhgdtion and
ignition in compression ignition engines. Due tgthiauto
ignition temperature of hydrogen, all the hydrogsmiched
fuel shows more ignition delay [21]. But at fullad the
ignition delay for hydrogen enriched fuel is fourtdbe low
because high heating value of hydrogen. Once tleokygn
is burned, then there is no problem arises for ftivéher
mixture to ignite. Due to its high auto ignitionnperature,
initially at zero load and part load it takes titodgnite. So at
zero load and part load ignition delay is found&high. At
full load the ignition delay was 11.23A and 10.43CA with
diesel and wpol0-methyl ester of karanja oil. Tgeition
delay was 9.9CA and 9.52CA wpol0-methyl ester of
karanja oil bled with hydrogen enrichment of 2lpndatlpm

respectively.
18 |

16 ¢

14
12
-~ == DIESEL
éﬂ 10 -
2 8 WPO-MEK
5 —4—WPO-MEK+H2.2LPM
a1
—#—WPO-MEK+H2.4LPM
5
0
0 05 1 15 2 25 3 35 4 45 5
Brake Power(kW)

HEAT RELEASE RATE

The Variation heat release rate shows for hydrogen

induction shows a brief premixed combustion phase,
followed by slightly higher diffusion combustion sde than
diesel fuel
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The highest rate of heat release for diesel is’&2gJCA. the
heat released rate for diesel operation at fullllgais 52
Jideg CA. WPO at full load the heat released rat60.18
J/deg CA. heat released rate foe WPO-MEK WITH hgédro
flow rate at 2lpm is 54.5 J/deg CA. And also 4ldowf rate
of hydrogen the heat release rate is 62.47 J/degnGite
hydrogen inducting higher heat release rate iseaeldi in
advance due to instantaneous combustion of gaseelus

CONCLUSION

The following are the conclusion from the results
obtained after experimentations while running sngl
cylinder four stroke, air cooled DI diesel engineelfed
with diesel, biodiesel with and without hydrogen at
different flow rate. The results obtained were canspl
with diesel fuel.
1. The brake thermal efficiency was 28.64% and 3%.0
with diesel and biodiesel operation respectivelfulitioad.
The brake thermal efficiency was 36.5%, 38.5% W®&iftm
and 4lpm hydrogen enrichment at full load. The Hlgme
velocity of hydrogen contributed to better mixinigneethyl
ester oil with air which leads to improvements lermal
efficiency. The maximum thermal efficiency was netzal
with 4lpm hydrogen enrichment.
2. The exhaust gas temperature of 31® reached at 2lpm
hydrogen enrichment at full load condition. The auxst
gas temperature of 38® is reached at 4lpm hydrogen
enrichment at full load condition. The graph shavat
complete combustion was taking place after enrigtiroé
hydrogen in to the engine. Due to hydrogen enriaftritee
peak combustion temperature increases.
3. It is found that the carbon monoxide was de@®asith
increase in hydrogen addition. At all loads, thduiction of
hydrogen lowers the CO levels. The HC emission of
Biodiesel is lower compared to diesel and
4. The NO content is 318 (ppm) and 481 (ppm) wigsel
and Biodiesel operation respectively at full loile NO was
523 (ppm) and 550 (ppm) with 2lpm and 4lpm hydrogen
enrichment at full load due to the oxygen concéiumnan the
combustion chamber and high peak combustion terpera
5. Ignition delay due to high self ignition temperatuof
hydrogen, all the hydrogen enriched fuel shows igsiion
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delay. At full load the ignition delay was 11°43and
10.4Twith diesel and Biodiesel
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