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ABSTRACT 
Developmental practices of internal combustion engine for  hydrogen-diesel mixture fuel in compression and spark ignition 
engines  have been reviewed in this paper. 
Keywords:  hydrogen fuel, diesel engine , spark ignition  etc. 
 
Introduction: 
D K Mahadevan  et al [1] presented in their technical paper with non-petroleum renewable and non-polluting fuels. 
The performance study has been carried out for three-fuel mixture in an Internal Combustion engine. The three-fuel 
mixture consist of diesel, turpentine blend and acetylene gas. Acetylene gas is produced from lime stone (CaCO3) and 
turpentine oil is obtained from pine trees. The performance of the three-fuel mixture has been analyzed experimentally 
in a single cylinder direct injection and compression ignition engine with diesel and turpentine blend as primary fuel 
and acetylene as secondary gaseous fuel i.e., diesel and turpentine blend (40% turpentine(40T) and 60% diesel) were 
considered for the study. The results have shown that the blend and the acetylene gas flow rate of 3 liters per minute 
(through a gas flow meter) offer higher brake thermal efficiency by between 1% and 3% than the fuel of the 
baselinediesel operation. 
 
Haroun A.K. Shahad and Emad D. Aboud [2] presented in their technical paper  highlights the Hydrogen utilization in 
internal combustion engines and mainly focuses on compression ignition engines. This hydrogen utilization is either 
pure or as supplemented. Further, the paper tries to synchronize the past experience of the researchers to very recent 
efforts of the experts of this area. Mainly the paper also discusses the various undesirable phenomena and its effects on 
engine performance and emission variations and their remedies with reference to hydrogen introduction and induction 
in compression ignition engines. Also presents the importance of direct and indirect injection with reference to 
application of alternative fuels. The study is divided to include, theoretical and experimental investigations on 
hydrogen supplementation. Theoretical studies included the modeling and simulation, artificial neural network 
modeling and genetic algorithm optimization while the experimental investigations included the hydrogen direct 
injection technique, hydrogen indirect injection / induction technique, exhaust gas recirculation (EGR) with hydrogen-
diesel, diluents with hydrogen-Diesel, biodiesel with hydrogen-diesel or with diesel alone and additives with hydrogen-
diesel or with diesel alone. 
 
U. S. Jyothi, K. Vijaya Kumar Reddy [3]  presented in their technical paper to analyse the characteristics of 
compression ignition engine viz combustion, performance and emissions of CI diesel engine using hydrogen as dual 
fuel operation. In this work, the experiences of previous researchers are considered. The analysis is focused on the 
engine combustion, performance and emissions with hydrogen enriched diesel engine. Key attention paid to the 
combustion parameters such as peak pressure rate, auto ignition delay, heat release rate and mean gas temperature. 
Over the entire observations it is noticed that, the combustion efficiency is significantly improved with these parameters 
for hydrogen fuel. Further there is considerable improvement in performance parameters like brake thermal efficiency, 
brake specific fuel & energy consumption and engine power output. The only parameter i.e. volumetric efficiency 
decreases by using hydrogen due to high velocity and lower density of hydrogen where it leads to displace the air. 
Further it is observed that there is reduction of emissions like Carbon monoxide (CO), carbon dioxide (CO2), unburnt 
hydrocarbon (HC) and particulate emissions (PM), however there is increase in NOx emissions. The NOx emissions 
with addition of hydrogen are minimised by using exhaust gas recirculation (EGR) in dual fuel operation for an 
optimum rate. The overall effects of hydrogen addition on an engine fuelled with hydrogen enriched diesel oil are 
presented in this work. 
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P. K. Bose, Rahul Banerjee, Madhujit Deb [4] presented in their technical paper  remain main source of transport fuels 
at least for the next 20 to 30 years.The petroleum crude reserves however, are declining and consumption of transport 
fuels particularly in the developing countries is increasing at high rates. Severe shortage of liquid fuels derived from 
petroleum may be faced in the second half of this century. In this paper, experiments are performed in a fur stroke, 
single cylinder, compression ignition diesel engine with dual fuel mode. Diesel and hydrogen are used as pilot liquid 
and primary gaseous fuel, respectively. The objective of this study is to find out the effects on combustion and 
performance parameters observed at diesel hydrogen fuel mixture for all the different loadings (2kg,4kg,6kg,8kg,10kg 
and 12kg) in the engine.Miqdam Tariq Chaichan, Dina Saadi Muneam Al-Zubaidi[5] An experimental study was 
conducted to investigate the possibility of improving diesel engine performance by aspirating volumetric quantities of 
gaseous hydrogen in the intake of a diesel engine. A single cylinder Ricardo E6 with four stroke compression ignition 
engine and variable compression ratio, injection timing and equivalence ratios was used with hydrogen 
supplementation to diesel fuel in dual fuel concept. The test conditions used were: engine higher useful compression 
ratio and speed of 1500 rpm.  
 
The effect of a wide range of equivalence ratios and injection timing were studied. The results showed that HUCR for 
diesel fuel used in this study was (17.7:1), and it was increased for mixtures of two fuels. The results showed that 
theengine could be run with very lean equivalence ratios with supplementary hydrogen. The indicated thermal 
efficiency increased, and the brake specific fuel consumption reduced with increasing hydrogen volumetric ratio. 
 
Gandhi Pullagura[6] presented in their technical paper exhaust was series problem for environment point of view. For 
that search for alternative fuel is encouraged. The main problems with the use of neat vegetable oils in diesel engines 
are higher smoke levels and lower thermal efficiency as compared to diesel. The problem can be tackled by inducting a 
gaseous fuel in the intake manifold along with air. In this investigation, hydrogen is used as the inducted fuel. It is 
expected that, the problems associated with vegetable oil fueled engine like smoke and hydrocarbon emissions can be 
brought down bysupplying hydrogen in small quantities along with air. Experiments were conducted to evaluate the 
performance emission and combustion parameters in a compression ignition engine primarily fuelled with an emulsion 
of bio-oil produced from pyrolysis of biomass source and methyl ester of karanja with different quantities of hydrogen 
being inducted. The brake thermal efficiency was 28.64% and 32.02% with diesel and WPO-MEK oil without 
hydrogen operation respectively at full load. MEK oil has less viscosity and better volatility compared to diesel which 
causes better injection, mixing and evaporation characteristics results in a increasing in brake thermal efficiency. The 
brake thermal efficiency was 36.57%, 38.5% with 2lpm and 4lpm hydrogen enrichment at full load. The high flame 
velocity of hydrogen contributed to better mixing of methyl ester oil with air which leads to improvements in thermal 
efficiency. The maximum thermal efficiency was recorded with 4lpm hydrogen enrichment. However, the dual fuel 
operation reduces the HC and CO emissions considerably. Since hydrogen has no carbon, burning of hydrogen different 
flow rates along with wpo10 is reduced HC and CO emissions compared to wpo10 without hydrogen. 
 
M.Senthil Kumar et al.[7] presented in their technical paper  the performance while using small quantities of hydrogen 
in a compression ignition engine primarily fuelled with a vegetable oil, namely Jatropha oil. Results indicated an 
increase in the brake thermal efficiency from 27.3% to a maximum of 29.3% with 7% of hydrogen mass share at 
maximum power output. Smoke was reduced from 4.4 to 3.7 BSU at the best efficiency point. There was also a 
reduction in HC and CO emissions from 130 to 100 ppm and 0.26–0.17% by volume respectively at maximum power 
output. With hydrogen induction, due to high combustion rates, NO level was increased from 735 to 875 ppm at full 
output. Ignition delay, peak pressure and maximum rate of pressure rise were also increased in the dual fuel mode of 
operation. Comparison was made with diesel being used as the pilot fuel instead of vegetable oil. At the optimum 
hydrogen share of 5% by mass, the brake thermal efficiency went up from 30.3–32%. Hydrocarbon, carbon monoxide, 
smoke emission and ignition delay were also lower with diesel as compared to vegetable oil. Smoke level decreased 
from 3.9 to 2.7 BSU with diesel as pilot at the optimum hydrogen share. Concluded that induction of small quantities of 
hydrogen can significantly enhance the performance of a vegetable (Jatropha) oil/diesel fuelled diesel engine. 
 
G. Nagarajan, and B. Nagalingam [8] presented in their technical paper  the use of neat vegetable oils in diesel engines 
are higher smoke levels and lower thermal efficiency as compared to diesel. The problem can be tackled by inducting a 
gaseous fuel in the intake manifold along with air. In this investigation, hydrogen was used as the inducted fuel and 
rubber seed oil (RSO), rubber seed oil methyl ester (RSOME) and diesel was used as main fuels in a dual fuel engine. 
Dual fuel operation of varying hydrogen quantity with RSO and RSOME results in higher brake thermalefficiency and 
significant reduction in smoke levels at high outputs. The maximum brake thermal efficiency is 28.12%, 29.26% and 
31.62% with RSO, RSOME and diesel at hydrogen energy share of 8.39%, 8.73% and 10.1%, respectively. Smoke was 
reduced from 5.5 to 3.5 BSU with  RSOME and for RSO it was from 6.1 to 3.8 BSU at the maximum efficiency point. 
The maximum hydrogen energy share that can be tolerated with knock limit was highest with diesel (12.69%) and 
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decreases with RSOME (11.2%) and RSO (10.76%) at full load. There was a reduction in the HC and CO levels at all 
loads with the induction of hydrogen for all injected fuels. 
 
G. Sankaranarayanan and J. Jayaraj [9] presented in their technical paper to improve the performance of mahua oil 
fuelled diesel engine using hydrogen enriched air. Hydrogen enriched air was supplied at different flow rates through a 
gas carburettor. Mahua oil combustion with varying gravities of hydrogen 10lpm,20lpm,30lpm,40lpm and 50lpm 
enrichedair resulted in improvement in brake thermal efficiency and reduction in smoke density. Hydrogen enrichment 
was found to increase the combustion rate of mahua oil. The NO concentration was higher for mahua oil operation with 
hydrogen enrichment but lower than diesel. The engine produced severe knock with 50lpm hydrogen induction at full 
load operation condition. With 40lpm hydrogen enrichment the engine brake thermal efficiency reached a maximum of 
23%at 75%ful load. the noise level increased with increased in hydrogen admission, the smoke density was reduced 
significantly with the addition of hydrogen L.M.Das[10] studied that the mixture formation method plays an important 
role for the practical application of a hydrogen fuelled specific engine. The use of cryogenic hydrogen supplied from the 
liquid hydrogen tank, method of late fuel injection were studied and evaluated. It was suggested that the integrated fuel 
induction and storage method must be designed for an hydrogen specific engine N.Saravanan et al.[11] did experiments 
on DI diesel engine supplemented with hydrogen fuel. Two techniques were adopted to inject hydrogen inside the 
engine cylinder (1) Carburetion technique and (2) TPI –Timed Manifold Injection technique and compared their 
performance, emission and combustion parameter with sole diesel by adopting both the techniques. It was concluded 
that TPI technique give a better performance compared to carburetion technique. The knock can occur at high flow rate 
of hydrogen. It was concluded the optimum hydrogen enrichment with diesel was 30% by volume.    
 
N. Saravanan et al.[12] presented in their technical paper  the combustion analysis on a direct injection DI diesel 
engine using hydrogen with diesel and hydrogen with diethyl ether as ignition source. Hydrogen injected through 
intake port and diethyl ether through intake manifold and diesel was injected directly inside the combustion chamber. 
The optimized timing for the injection of hydrogen was 50 CA before gas exchange top dead centre and 400CA after 
gas exchange top dead centre for diethyl ether. They concluded that the hydrogen with diesel results in increased brake 
thermal efficiency by 20% and oxides of nitrogen showed an increase of 13% compared to diesel whereas hydrogen – 
diethyl ether showed a higher brake thermal efficiency of 30% with a significant reduction in oxides of nitrogen 
compared to diesel. Li Jing Ding et al.[13] presented in their technical paper using hydrogen as a sole fuel and then 
hydrogen mixed with petrol and hydrogen diesel oil mixed fuel. Their main aim was to improve the combustion 
properties of hydrogen fuelled engine. It was concluded that increase in compression ratio is the best technique to make 
petrol engine or diesel engine free from back fire. An increase in compression ratio brought about a wider back fire free 
range of engine output and an increase in thermal efficiency and a reduction in exhaust gas temperature.. Smoke can be 
reduced by using diesel oil – hydrogen mixed fuels (rather than oil alone).Under low speed and in high load conditions 
the result will be better. 
 
L.M. Das[14] presented in their technical paper the nature and formation mechanism of different types of pollutants 
emitted from hydrogen operated diesel engine system. It was concluded that neat hydrogen operated engines produce 
close to zero ozone, particulates, sulphur dioxide, benzenes which are usually present in a conventional engines 
exhaust. It was also concluded that the equivalence ratio play a very important role for NOx controlling parameter and 
the optimum should be 0.6. Hydrocarbons and carbon monoxide emissions which are extremely small could be 
eliminated by regular maintenance and inspection programmes and by excessive burning of oil. H.B. Mathur et al[15]. 
presented in their technical paper experimental investigation on a hydrogen fuelled diesel engine to measure the 
performance characteristics through charge diluents. The results show that the thermal efficiency of the engine of the 
hydrogen fuelled engine is better as compared to neat diesel at 10 LPM, 20LPM, 30 LPM of hydrogen flow rates. The 
thermal efficiency of engine at hydrogen flow rate of 20 LPM gives better thermal efficiency compared to 30 LPM of 
hydrogen You created this PDF from an application that is not licensed to print to novaPDF printer flow rate. It was 
found that the engine started knocking when the hydrogen flow rate was exceeding after 40 LPM. After that helium, 
nitrogen and water was inducted as diluents respectively and checked the performance of engine. Nitrogen as diluents 
also helps control engine knocking and also improves the optimum full-load hydrogen energy substitution. In addition, 
it gave the best thermal efficiency and power output when its percentage was maintained at 30% by volume of hydrogen 
substituted. Among the various proportions of water which could be inducted for charge dilution, 2460 ppm water 
concentration has been found to be the optimum level which enables the highest full-load hydrogen energy substitution 
– around 66% without undue engine knock and with only a very nominal loss of engine power and efficiency.  
 
Probir Kumar Bose, Rahul Banerjee and Madhujit Deb [16] presented in their technical paper  confronted with the twin 
crisis of fossil fuel depletion and environmental degradation. Petroleum crude is expected to remain main source of 
transport fuels at least for the next 20 to 30 years. The petroleum crude reserves however, are declining and 
consumption oftransport fuels particularly in the developing countries is increasing at high rates. Severe shortage of 
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liquid fuels derived from petroleum may be faced in the second half of this century. Energy securityis an important 
consideration for development of future transport fuels. Recently more and more stringent environmental regulations 
being enacted in the USA and Europe have led to the research and development activities on clean alternative fuels. 
Among the gaseous fuels hydrogen is considered to be one of the clean alternative fuel. Hydrogen is expected to be one 
of the most important fuels in the near future to meet the stringent emission norms. In this experimental investigation, 
the performance and combustion analysis were carried out on a Direct Injection (DI) diesel engine using hydrogen with 
diesel following the Time Manifold Injection (TMI) technique at different injection timings of 100, 450 and 800 ATDC 
using an Electronic Control Unit (ECU) and injection durations were controlled. Further, the tests have been carried 
out at a constant speed of 1500rpm at different load conditions and it can be observed that brake thermal efficiency 
increases with increase in load conditions with a maximum gain of 15%at full load conditions during all injection 
strategies of hydrogen. It was also observed that with the increase in hydrogen energy share BSEC started reducing and 
it reduced to a maximum of 9% as compared to baseline diesel at 10° ATDC injection during maximum injection 
proving the exceptional combustion properties of hydrogen. 
 
Biplab K. Debnath, Ujjwal K. Saha , Niranjan Sahoo[17] presented in their technical paper the twenty first century 
could well see the rise of hydrogen as a gaseous fuel, due to it being both environment friendly and having a huge 
energy potential. In this paper, experiments are performed in a compression ignition diesel engine with dual fuel mode. 
Diesel and hydrogen are used as pilot liquid and primary gaseous fuel, respectively. The objective of this study is to find 
out the specific composition of diesel and hydrogen for maximum brake thermal efficiency at five different loading 
conditions (20%, 40%, 60%, 80% and 100% of full load) individually on the basis of maximum diesel substitution rate. 
At the same time, the effects on brake specific fuel consumption, brake specificenergy consumption, volumetric 
efficiency and exhaust gas temperature are also observed at various liquid gaseous fuel compositions for all the five 
loadings. Furthermore, second law analysis is carried out to optimize the dual fuel engine run. It is seen that a diesel 
engine can be run efficiently in hydrogen-diesel dual fuel mode if the diesel to hydrogen ratio is kept at 40:60. 
 
 Dr. Premkartikkumar. SR  Dr. Pradeepkumar. A.R[18] presented in their technical paper the growing concern about 
depleting oil reserves, detrimental effects of greenhouse gas emissions and the need to reduce emissions from vehicles 
and power plants are some of the prime factors that increase the necessity fordevelopment of alternative energy options. 
The present paper reviews the effect of using hydrogen mixed gases as afuel in internal combustion engines. In this 
review, the investigations done by the researchers were categorized into two forms. One was using hydrogen mixed 
gases as a fuel in SI engines and the other one was using hydrogen mixed gases as a fuel in diesel engines. In all the 
categories, the data of gasoline / diesel fuel operation was taken as a base line configuration to examine the 
effectiveness of the hydrogen mixed gases as fuels in internal combustion engines.The review showed that the hydrogen 
mixed gases can be readily used in internal combustion engines without much modification in the existing 
configuration of the engines.H.H. Thanga and J. Lalnunthari [19] presented in their technical paper with the rapid 
increase in consumption of fossil fuels and its high  contribution to environmental pollution, researchers all over the 
world works to improve internal combustion engines emission characteristics and reduce the consumption of fuel.The 
application of hydrogen or hydrogen-rich gas as fuel supplement for SI and CI engines is considered to be one of the 
most desirable methods to these problems. Hydrogen has many excellent combustion properties that can be used for 
improving hydrocarbon combustion and emissions performance of both SI and CI engines. 
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