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Abstract. In the present research work, experiments were conducted on four cylinder water-cooled
DI compression ignition diesel engine with diesel as base fuel , LPG and hydrogen gas as substitute
fuel. For the experimental work diesel engine was modified to run on base fuel diesel and
secondary fuel gas. The experiments were conducted to measure the variation of pressure, ID period
at varied conditions of load and different substitution of diesel with LPG and hydrogen fuel with
and without EGR at rated speed. For the comparative study, the experimental result of ID were
compared and contrasted with Hadenberge-Hase equation for the diesel engine and DFD diesel.
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1.Introduction

In conventional diesel engines, overall just around 82% fuel burns completely. When gaseous fuel like
H2 or LPG inducted in the dual fuel diesel engine by intake manifold, 98% of fuel can be burnt. It is starting at
now comprehended that emissions issues like are PM,CO and NOX are, as it were, associated with the diesel
engine. By using gaseous fuel like H2,LPG or mixture of H2 and LPG, pollution can be reduced [1].

Saket verma et al. [2] experimented on dual-fuel diesel engine using jatropha as a biodiesel and
hydrogen gas as secondary fuel. They were used up to 80.7% and 24.5% of hydrogen (by energy basis) in the
DFD engine at high and low loads conditions.Brarake thermal efficiency was increased and exhaust emissions
like CO,NOx smoke were decreases as compared to parent diesel engine.Exhaust emission NOx was reduced
with addition of EGR in the DF with bio-diesel as primary source of fuel and hydrogen as substitute
fuel.Utilisation of hydrogen improves at the comparable brake thermal efficieny and NOx emissions [2].

S.K Karthica et al. [3] have experimented on DFD single cylinder diesel engine at constant speed to
study the effective utilization of madhuca longifolia oil (ML) in a diesel engine.Experimental work were done
by utilising primary fuel hydrogen.Hydrogen was inducted in the engine with air by the help of intake
manifold where as ML was injected directly into the engine cylinder for ignition source. They were claimed
that the performance of DFD engine increased from 25% to 28% with ML used as pilot fuel and hydrogen as
base fuel for diesel engine. However,they were facing the knocking in the DFD engine when hydrogen used as
base fuel and as a result brake thermal efiiciency decreases.In their expriment, they used water injection to
increase the knocking limit so that more percentage of ML can be replaced. Further they claimed that BTE
exhuast gas emissions were increases upto 18% to 76% with 5% of water addition along with hydrogen fuel.

Pavlos Dimitriou et al.[4] were tested hydrogen gas under different conditions of load on a HD DFD
engine.They used different hydrogen energy share ration to substitute diesel fuel under different conditions
such as diesel injection pressure,EGR and injection pattern to compared the performance and exhaust
emissions of dual fuel diesel engine with parent diesel engine.Engine operation was smooth over 98% use of
hydrogen on the energy basis.Further it was observed that 90% reduction in NOx and carbon monoxide while
soot emissions was reduced upto 85% compared to the base diesel engine.

Appeared differently concerning natural gas LPG has the advantage of low-pressure storage,
straightforwardness of transportation and more secure managing. Natural gas liquids (NGL), available in
different gas fields in India, are a potential wellspring of hydrocarbons from which LPG can be conveyed
locally. LPG can be use as the substitute fuel for diesel fuel in the DFD engines and a choice fuel with diesel
for CI engines in DF operation [5-7]. The usage of liquid petroleum gas (LPG), as an alternative fuel, is a
promising course of action. The higher auto-ignition temperature, higher calorific value, and likewise, easy
mobility make LPG a good alternative fuel for diesel replacement [8-9]. The reasonably high auto-ignition
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temperature of LPG is used, allowing the compression extent of conventional diesel engines to be kept up and
making minimum engine adjustments. It has the capacity of significant diesel save supports and extended
vitality to the system [9]. Engine response is smoother and snappier when gas is incorporated, and substitution
is high [11].

Modifying timetable can be connected in view of fumigation of gaseous fuel, lessened injector updating, and
longer oil change between times in light of less contamination of engine oil. Furthermore, the engine can
continue running on diesel as it did before change, paying little heed to the likelihood that it misses the mark on
LPG [12].

The present work introducing LPG using gas fumigation technique is a way for thinking the distinct
parts of using LPG as a DF with diesel in a conventional ClI ignition engine [13].

From the above literature, it was conclude that LPG and hydrogen gas can be used as base fuel with
some modification in the diesel engine. Use of LPG and hydrogen in the diesel engine not only increases the
performance but also reduces the exhaust emissions .The objective of this paper is to study the ID of DFD
diesel engine using base fuel diesel with LPG and hydrogen gas with and without EGR.

2. Methodology
2.1 Experimental Setup

The experimental work were done on four-cylinder turbocharged, intercooler with 62.5 Kilo Watt
diesel engine with generator, which was modified to work on DFD mode. The system was fitted with
arrangements for measurements of air-flow, fuel flow (diesel LPG & hydrogen), various temperatures, engine
speed and torque etc.

2.2 Testing

The trial were performed under three cases.

(i) Casel: DFD engine runs on diesel only.

(if) Case Il: DFD engine runs on blend of diesel and hydrogen gas.
(iii) Case 11l: DFD engine runs on blend of diesel and LPG gas.

~
'@

Fig.1. Diagramof experiment

3. Experimental Results

The experimentals work were performed on four-cylinder turbocharged diesel engine at speed with
different load conditions. The experimental results of ID were comparing and contrasting with Hadenberge —
Hase equation. The consequences are talked about beneath.
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Load (%) | LPG Hydrogen Diesel(CA)
(CA) (CA)

2 14 13 10

20 12 11

40 9 8

Table 1.- Ignition delay at various fuel substitutions

It is found that at light load ignition delay is less as compared to heavy load. When the load increases on the
engine, the mean temperature of the charge also increases. At higher load vapor pressure increases, which
increase the temperature and reducing the ID period, This might be the reason of decreasing ID with increasing
load. When the hydrogen gas used in the diesel engine, the ID increases. With utilisation of hydrogen in diesl
engine the partial pressure of O2 decreases and specific heat of charge increases as a result ID increases. Also,
it is found that pre-ignition is responsible for ID.

LPG has higher ID as compared to other cases of the experiment. This may be because of the low specific heat
of LPG; hence, the ID is more. We had also found that as the EGR% increases ,the ID increase, this is because

In the case with EGR the space covered by the combustion phenomena in the cylinder of the engine is smaller
than in the case without recirculation.
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Fig. 2. Mean pressure vs. crank angle
The experimental results of ignition delay has been compared with Hadenberge —Hase equation for diesel
engine [14-15].
Ea

Tig = Ap_ne(RT]

The linear regression has been done to find the empirical constant A,n & Ea by putting the experimental value
of 7z, p, R & T. By doing this we get the value as follow:
A =0.072309
n=-0.46347
Ea=15741.75

Hence the formula with an empirical constant of ignition delay will be [16-17]
15741.75]

7, =0.072309 p‘°'46347e[ RT
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Fig. 3 Ignition Delay (°CA) vs. Hydrogen Substitution (%)
The ignition delay with respect to hydrogen substitution at various load condition is depicted in Fig. 3. It
is observed that ignition delay get increased by the addition of hydrogen this might be due to less ignition
centre.
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Fig. 4 Ignition delay (°CA) vs. LPG substitution (%)
Similarly, the ignition delay by submission of LPG (Fig. 4) also get increased by the substitution as
compared to pure diesel engine.

4. Conclusions

From this research work, a few conclusions can be drawn that the ID of DFD engine depends on the
nature and type of the fuel used in the engine. The ID of DFD dual-fuel is the function of mean temperature,
mean pressure and oxygen concentration of the changes. The ID of DFD engine running on hydrogen & LPG
decreases with the increase in loads and gaseous fuel substitution. The ID of DFD engine increases with
increase in the percentage EGR.The presence of hydrogen or LPG before combustion might be influences
energy release rate, pre-ignition reaction rate and as a results the ID increases.

Nomenclature

DFD Dual fuel diesel
DF Duel fuel
ID Ignition delay
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CNG Compressed natural gas
NG- Natural gas

NGL Natural gas-liquid
MMCFD Million cubic sustain everyday
Cl Compression ignition
PM Particulate matter

DPF Diesel particulate filter
CN Cetane number

HRR Heat release rate

BTDC Before top dead centre
EGR Exhaust gas recirculation
Ea Activation energy
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