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ABSTRACT

Our present fuel resources are not going to benar
forever and with the ever increasing consump
their extinction is nearly unavoidable. Also ouelf
resources which are mostly made up of fossil faed
not renewable in nature. In the presenty hydrogen
at a constant flow rate of 4lpm was inducted in
suction, at some distance away from the in
manifold, along with air. Two different fuels ¢
volume basis were tested as main fuels in a s
cylinder, 4stroke, air cooled, direct injeon diesel
engine developing a power of 4.4 kW, at a rate@¢d
of 1500 rpm. One fuel was the sole used transfo
oil (UTO/UTO100) and the other one was the UT(
40% blended with 60% diesel fuel (UTO40). 1
results indicated increase in brake theriefficiency
for both the main fuels when hydrogen is inducted
also high reduction in smoke levels.
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INTRODUCTION

The present energgituation has stimulated acti
research interest in ngeetroleum, renewable and n
polluting fuels. Much of the present world’'s ene
demand may still be supplied by exhaustible fc
fuels (natural gas, oil and coal), which are alse
material bag for the chemical industry. It is w
known that combustion of fossil fuel causes
pollution in cities and acid rains that damagegsts,
and also leads to produce more carbon dio
resulting environmental degradation. In recent y
the concerrfor cleaner air, due to strict air polluti
regulation and the desire to reduce the dependam
fossil fuels. Many attempts are made to find vas!
new and renewable energy sources to replace
existing petroleum fuels. Alternative fuels

availabke in the form of solid, liquid, and ge
Biomass, biodiesel from different vegetable oilsl
LPG are some of the examples for solid, liquid
gaseous alternative fuels respectively which
commonly used to run the internal combus
engines. Althouglithese fuels are used, they gene
considerable pollutants from the internal combun
engines. Hydrogen is found to be cleaner fuel an
all other alternative fuels. Hydrogen is larg
available and renewable in natt

Transformer oils are an imgtant class of insulating
oils. It acts as heat transfer medium so that
operating temperature of a transformer does
exceed the specific acceptable limits. Transforailst
are produced from waftee naphthenic oils. Althouc
these types of crudes rmit production of
exceptionally low pour point insulating oils withic
the need for dew axing or special attention to
degree of fractionation or distillate cut width,eyt
also contain high percentages of sulphur and retm
which must be removed irorder to satisfy the
stringent stability requirements of insulating oildt
has been found that a highly aromatic, low parafi
content naphthenic crude oil is a suitable raw nt
to prepare good transformer

Mineral oil is the base materifor transformer oil that
is used as coolant in transformers in electl
substations and welding transformers. After proéaf
use, the transformer oil becomes deteoriated

becomes waste. However, the waste or |
transformer oil (UTO) posses a corerable heating
value and some of the properties similar to tha
diesel fuel. Therefore, it can be used as an altem
fuel in compression ignition engines. But the us:
UTO in compression ignition engine gives h
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vibration. Therefore attempts havbeen made |
utilize the heating value of hydrogen to reduce
viscosity of UTO.

LITERATURE REVIEW:
There are some papers which haverbstudied an
referred on my work.

L. M. Das studied that the mixture formation metr
plays a important role for th@ractical application of
hydrogen fuelled specific engine. The use
cryogenic hydrogen supplied from the ligl
hydrogen tank, method of late fuel injection

studied and evaluated. It was suggested that
integrated fuel induction and storagiethod must b
designed for an hydrogen specific ent

N. Saravanan et al. did experiments on DI dies
engine supplemented witthydrogen fuel. Twc
techniques were adopted to inject hydrogen ingiek
engine cylinder ;( 1) Carburetion technique and
TPl -Timed Manifol d Injection technique ai
compared their performance, emission
combustion parameter with sole diesel by ding
both the techniques. It was concluded that
technique gives better performance comparec
carburetion technique. The knock can occur at
flow rate of hydrogen. They concluded the optir
hydrogen enrichment with diesel was 30% by volt

N. Saravanan et al. inducted hydrogen in a [
diesel engine adopted EGRchnique to reduce N
emission. The arrangement was provided in su
way that, some part of exhaust gases is sent e
the engine intake manifold. This arrangement iked:
as Baust Gas Recirculation (EGR). Minimt
Concentration of NQis 464 ppm with 25 % EG

N. Saravanan and G. Nagarajan conducted
experiment were on a DI Diesshgine with hydroge
in the dual fuel mode The optimized injection tigp
was found to be 5CA befe gas exchange top de
centre (BGTDC) with injection duration of 30 CA 1
hydrogen diesel dual fuel operation in hydrogert
injection. The optimum hydrogen flow rate is fouhoc
be 7.5 Ipm based on the performance, combustiot
emissions behaviowf the engine. The brake thern
efficiency for hydrogen diesel dual fuel operat
increases by 17% compared to diesel at optir
timings. The NQ emission is found to be similar
75% load and full load for both hydrogen and di
operation. Howeverthe concentration is lower

lower loads in hydrogen dual fuel operation due
lean mixture operation. Themoke emission reduc
by 44% in hydrogen diesel dual operation comp:
to diesel operation. The CO and HC for hydro
operation at optimized aalitions are same as that
diesel emissions. It was concluded that the en
operated smoothly with hydrogen except at full |
that resulted in knocking especially at high hydno
flow rates.

N. Saravanan et al. investigated the combusti
analysison a direct injection [ diesel engine using
hydrogen with diesel and hydrogen with diethyl e
as ignition source. Hydrogen was inducted hydrc
through intake port and diethyl ether through iet
manifold and diesel was injected directly inside
combustion chamber. The optimized timing for
injection of hydrogen was’ CA before gas exchan
top dead centre and %DA after gas exchange t
dead centre for diethyl ether. They concluded tha
hydrogen with diesel results in increased bi
themal efficiency by 20% and oxides of nitrog
showed an increase of 13% compared to d
whereas hydrogen diethyl ether showed a high
brake thermal efficiency of 30% with a signific:
reduction in oxides of nitrogen compared to di

Li Jing Ding et al. experiment by using hydrogen a
sole fuel and therfnydrogen mixed with petrol ar
hydrogen diesel oil mixed fuel. The main aim wa:
improve the combustion properties of hydro:
fuelled engine. It was concluded that increast
compression rai is the best technique to make pe
engine or diesel engine free from back fire.

increase in compression ratio brings about a w
back fire free range of engine output and an irsg
in thermal efficiency and a reduction in exhauss
temperatue. Smoke can be reduced by using diese
— hydrogen mixed fuels (rather than oil alone).Ur
low speed and in high load conditions the result
be better.

J. M. Gomes Antunes et al. described the
development of an experimental se for the testing
of a diesel engine in the direct injection hydro
fuelled mode. The use of hydrogen direct injeciio

a diesel engine gave a higher power output to vir
ratio when compared to conventional diesel fue
operation with approximate 14% high peak pr.

The direct injection of hydrogen allows much be
control of engine operation compared to port ingat
in HCCI mode. Comparison of direct injection
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hydrogen with HCCI mode of operation was done
concluded that the direct injection of hydrocoffers
the possibility to control and limit excessi
mechanical loads while this is virtue uncontrolled
in the HCCI mode of operation. They also obsel
the reduction of NQemission level.

L. M. Das studied the phenomenon such as back
pre ignition, knocking andapid rate of pressure ri:
and presented in his review paper on the develop
of hydrogen fuelled internal combustion engir
According to him,” Hydrogen is the only one st
fuel which can meets the twin challenges of
energycrisis and the environmental pollutio

METHOD USED

The engine used for the present investigation
single cylinder four stroke air coolediesel engine.
Initially the engine was operated with neat diesad
the performance, emission and combus parameters
were evaluated. Then the engine was allowed tc
with UTO40 and UTO100/UTO respectively withc
hydrogen. Again the performance, emission
combustion parameters were evaluated. Now foi
third test, hydrogen gas is introduced by coning
first UTO40 as a main fuel and then UTO100 ¢
main fuel respectively.

Hydrogen fuel from a high pressure cylinder \
inducted through an intake pipe. A double st
diffusion pressure regulator was employed over
high pressure cylinder. The rdgtor is used tt
control the outlet pressure. Hydrogen fuel, a
pressure of 2 bars and a constant flow rate oh#ig
then supplied to the flame arrester and flame @raqgt
finally to the intake pipe (a distance of 40 cmsag
from the intake manifoldyvhere it mixes with air an
finally, this hydrogen-air mixture get inducted int
the engine cylinder. Used transformer oil of 4
blended with 60% diesel fuel (UTO40) on volu
basis is introduced from the fuel tank into theira
cylinder by direct ingction. Then engine is allowed
run for different loads. The same procedure is tatt
by considering sole used transformer

(UTO/UTO100) as a main fuel with hydrogen fl
rate of 4 Ipm. The performance and combus
parameter is obtained by compupeovided into dat:
acquisition system. AVL exhaust gas analyser isl
to calculate the emission parameter whereas si
meter is used to get smoke values. Combu:
diagnosis was carried out by means of a Kistleren
quartz piezoelectric pressure tsdncer (Model Typr

5395A) mounted on the cylinder head in the stan
position. The air flow rate is calculated according
the difference in the level of water in the- tube
manometer mounted into the air suction line.
engine specification is givan the Table . The test is
also carried out by considering diesel as a magh
without using hydrogen. All the test results of i
using UTO40 and UTO as a main fuel with hydro
induction were compared with neat diesel fuel
other two main fue without hydrogel

CONCLUSIONS

A single cylinder, four stoke, air cooled dire
injection compression ignition engine was oper:
successfully using hydrogen gas, supplying at &
rate of 4 LPM and inducting at a distance of 40
from the intake manifold. The performance, emis:
and combustion parameters of the engine u
UTO40 and UTO100 as a main fuel, with and witr
hydrogen induction were obtained in the investma
are compared with the diesel fuel. The follow
conclusions are drawn Experimental results st
UTO40 asthe optimum blending compared to
other  blending proportion with diesel. T
performance, emission and combustion charactes
of UTO40 can be improved further by hydroc
induction. along with air. Also with UTO100, tl
engine was able to run but gine gives high
vibration. So by inducting hydrogen on UTO100,
engine was able to run smootl The brake thermal
efficiency for both the main fuel inducted w
hydrogen was found to be high, UTO40 w
hydrogen is 42.14% and UTO100 with hydrog
addiion was 38.91 %, because of proper combus
and high burning velocity.
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