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Abstract. As a solution to reduce the energy crisis and environmental pollution the hydrogen usage has been studied 

by various researchers. Hydrogen it is a fuel with low ignition energy, high combustion rate and wide 

inflammability limit. The focus of this paper is trying to analyze the main properties of hydrogen and the 

combustion properties by collecting experimental data from different rapports. The paper analyses form research 

rapports in-cylinder pressure, flame developing duration and combustion duration, heat release rate and effective 

thermal efficiency.  
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1. INTRODUCTION 

The use of hydrogen in internal combustion 
engines (ICEs) was proposed first time in 1970’s. 
Since then there have been numerous studies about 
the use of hydrogen as only fuel or in addition in 
engine-powered vehicles varying from passenger 
cars and buses that have been designed, built and 
tested. This trend is growing now especially to the 
strict regulations of emissions and global environ-
mental problems. Hydrogen is the most plentiful 
element in the universe and for a long time was 
recognized as a desirable fuel in diesel/gasoline 
engines. Its use not produces major pollutants COx, 
HC and PM but increase the level of NOx (oxides 
of nitrogen) due to the high temperature of com-
bustion [1,2]. The properties of hydrogen are 
different from gasoline fuelled engines; flame limit 
range in the air of hydrogen 4.1–75% by volume is 
larger than of gasoline fuel (1.5–7.6% on a volume 
basis), adiabatic flame speed of hydrogen (237 cm/s) 
versus gasoline (42 cm/s) improve engine operating 
stability, the gravimetric density and energy density 
are lower than gasoline [3-5]. Also the hydrogen use 
presents some problems such backfire which is 
caused by the reflux of flame from the hotspot in the 
intake valve during the valve overlap period [6]. 
The biggest difference between hydrogen and gaso-
line is in the flammability range and flame speed. 
Any systems used for hydrogen use must control 
these two points. According to Fig.1 the laminar 
flame speed of hydrogen and gasoline present two 
main differences; the flame speed of H2 mixture 
near the stoichiometric condition is higher than that 

of gasoline and in the lea mixture the laminar speed 

of H2 is lower than that of gasoline [7]. Ceviz et al. 

[8] analyzed in a gasoline engine the combustion 

and emissions at the addition of hydrogen. With the 

increase of hydrogen the thermal efficiency was 

improved and a reduction of HC emissions by 13% 

was obtained but the NOx emissions significantly 

increased. In a study performed by Shivaprasad et 

al. [9] on the addition of hydrogen at different 

engine speed found that the break mean effective 

pressure was improved and the emissions of HC and 

CO was reduced at the increase in percentage of 

hydrogen. Christodoulou and Megaritis [10] in-

vestigated on a 4 cylinder engine the addition of 

hydrogen by a volume basis between 2% up to 8% 

and found a reduction in CO emissions and an 

increase in NOx compared with neat diesel fuel. The 

hydrogen does not contain carbon or nitrogen 

components, the NOx produced is only as thermal 

NOx, which has a direct correlation with the com-

bustion gas temperature [11]. Yüksel et al. [12] 

analyzed on a port fuel injection (PFI) engine the 

addition of hydrogen and found a decrease of heat 

dissipation to coolant and unaccounted losses by 

36% and 30%. All the researchers reported some 

problems with hydrogen such knocking, pre-

ignition and backfire; also the problems with 

hydrogen application, production, storage, transport 

and supply are very important in the near future 

[13]. As a conclusion the performance of engines 

fueled with hydrogen are limited only at certain 

concentrations, if the mixture is in high proportions 

the abnormal combustion will take place. 
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Fig. 1. The difference of laminar flame speed between H2 and 

gasoline [7]. 

2 EXHAUST EMISSIONS ANALYSIS 

2.1. HC emission 

Renxu Niu et al [14] investigated the emission of 

HC and found a decrease and than an increase with 

the increase of excess air ratio under different 

hydrogen additional fractions. The overall reduction 

was of to 48.9% with the increase of hydrogen 

additional fraction (Fig. 2). Yaodong et al [15] has 

rapported a decrease of HC emissions with the 

increase of hydrogen addition ratio.This are reduced 

due to the increase of hydrogen volume fraction 

with the reduction of C/H ratio. Weibo Shi et al. [16] 

investigated HC emissions versus spark timing for 

different hydrogen volume fraction and found an 

increase of HC emission with the increase of spark 

advance angle.  
 

 
 

Fig. 2. HC emission versus excess air ratio (lambda) under 

different hydrogen additional Fractions [14]. 

 

Jayakrishnan Krishnan Unni et al. [17] found in 

this research a decrease of emission of HC. These 

emissions were formed due to the burning of 

lubricant oil. The flame of hydrogen travels due to 

the lowquenching distance very near to the walls 

and crevice volume resulting in burning of a small 

quantity of lubricant oil present there (Fig. 3). 

  
Fig. 3. Variation of HC emission with engine speed [17]. 

2.2. CO emission 

Tarkan Sandalcı et al. [18] investigated the 

emissions of carbon monoxide versus hydrogen 

energy fractions. The CO emission decreases with 

the increase addition of hydrogen due the high flame 

propagation speed of hydrogen, better homogeneity 

of the combustible mixture that enables more 

oxygen for combustion (Fig. 4). 
 

 
 

Fig. 4. Effect of hydrogen addition on the indicated specific 

carbon monoxide emission at a 1300 rpm constant engine 

speed and 5.1 kW constant indicated powers [18]. 

 

Yasin Karagoz et al. [19] measured the carbon 

monoxide emissions function of the hydrogen 

energy content and found a decrease of CO by 

67.2% and 69.2% by adding 22% and 53% 

hydrogen compared with neat diesel. Acording to 

the results the oxygen increases with hydrogen 

enrichment improving combustion. Yaodong Du et 

al. [15] reported a decrease in CO emission due to 

the improved combustion and higher oxygen 

content of hydrogen. 



Dan GHEORGHE, Marin BICĂ, Dragoș TUTUNEA, Alexandru DIMA 

 

 

58  TERMOTEHNICA    1/2017 

 

2.3. CO2 emission 

Tarkan Sandalcı et al. [18] studied the emission 
of dioxide of carbon with different energy contents 
of hydrogen and found a significant reduction. At a 
16%, 36% and 46% hydrogen addition the emission 
decreases to to 520.9 g/kWh, 351.5 g/kWh and 
235.4 g/kWh compared with 622.5 g/kWh specific 
to diesel fuel (Fig. 5). Hydrogen addition results in 
the increase efficiency of combustion and higher 
H/C ratio of the mixture which enables the reduction 
of CO2 emissions. 

 

 
 

Fig. 5. Effect of hydrogen addition on the indicated specific 
carbon dioxide emission at a 1300 rpm constant engine speed 

and 5.1 kW constant indicated power. 
 

Miyamoto et al. [20] insvestigated in an 11 kW 
engine the emission of CO2 and found a reduction 
from 190 g/ kWh with biodiesel to 104 g/kWh with 
hydrogen-biodiesel blend. Similarly, Korakianitis et 
al. [21] raported that CO2 emissions decrease from 
688 g/kWh with fossil diesel to 425 g/kWh with 
10% hydrogen adittion.  

2.4. NOx emission 

In engines with use hydrogen addition, the 
hydrogen combustion produces a high temperature 
and pressure which is favourable for NOx emission 
formation. At high tempeatures the nitrogen from 
the air-fuel mixture react with with oxygen and 
leads to increase in the emission. In literature are 
reported various technologies for  NOx emission 
reduction suh as injection time retarding, water 
injection and exhaust gas recirculation (EGR). 
Tarkan Sandalcı et al [18] reported an increase of 
NOx emissions with the addition of H2, comoared 
with 0% H2 content at 36% H2 and 46% H2 contents 
the NOx emissions increased with 58.8% and 
159.7% (Fig. 6). The lower lower heating value of 
hydrogen, higher in-cylinder peak pressure and 
higher temperature increases the NOx emissions. 
Yasin Karagoz et al. [19] reported at the addition of 
hydrogen (0%, 22%, and 53% on energy basis) the 

increases of NOx emissions. According to the results 
the emissions increased from 3.33 g/kWh (neat 
biodiesel) to 3.72 g/kWh (22% hydrogen) to 11.23 
g/kWh (53% hydrogen) and are dependent of 
temperature of combustion, oxygen availability and 
reaction duration (Fig. 7).  

 

 
 

Fig. 6. Effect of hydrogen addition on the indicated specific 
oxides of nitrogen emissions at a 1300 rpm constant engine 

speed and 5.1 kW constant indicated power [18]. 
 

 
 

Fig. 7. Effect of hydrogen addition (0%, 22% and 53% on 
energy basis) on the NOx emission at 1100 rpm constant 
engine speed and 3.07 kW constant engine power [19]. 

2.5. Particulate matter (PM) emissions 

The formation of PM emission is due to rich 
mixture at local points, unburnt hydrocarbons, 
lubricating oil and heterogeneous combustion. At 
the addition of hydrogen the the emission level 
decreased due to reduction in hydrocarbons, 
diffusion combustion phase and improvement in 
degree of homogeneity. Liew et al. [22] reported a 
decrease in emissions of PM from 0.26 g/kWh at 
diesel fuel to 0.06 g/kWh with 7% hydrogen 
addition at 10% load (Fig. 8). Beyond 2% hydrogen 
addition the reduction rate was relatively low. 
Renxu Niu et al. [14] investigated the particulate 
matters in an engine with the gasoline supplied in 
the intake pipe and hydrogen directly injected into 
the cylinders. The majority of PM was under 20 nm 
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of diameter under different hydrogen fractions. The 
increase in hydrogen addition improves the mixing 
process helping in reducing the diameter of PM.  

 

 
 

Fig. 8. Variation of PM emission with respect to hydrogen 

volume share [22]. 

3. CONCLUSION 

Clean-burning alternative fuels needs to be im-

plemented for operations in gasoline/diesel engines. 

In this context hydrogen is a promising fule with 

potential to provide low emissions and indepen-

dence of fossil fuel. Analyses of the results obtained 

in different studies show a decrease of HC and CO 

emissions, and increased the NOx emission. Also 

with hydrogen addition, a significant reduction is 

observed in the indicated specific CO2 emissions. 

The addition of hydrogen improves the combustion 

rate and speed up combustion process.  
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