Application of Hydrogen as Fuel Supplement in Internal Combustion Engines-A Brief Review

Abstract— Faced with the ever increasing cost of conventional fossil fuels and the severe environmental pollution, researchers worldwide are working to cost effectively improve internal combustion engines fuel economy and emission characteristics. Recently, use of hydrogen or hydrogen-rich gas as fuel supplement for SI and CI engines is considered to be one of the potential solutions 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. This article presents a brief review on the recent progress in the application of hydrogen as a fuel additive to improve the efficiencies and emissions of modern IC engines. 

Introduction

Hydrocarbon fuels provide the primary source of energy used in the world. These fuels are used for applications such as electrical power generation, heating and transportation. Although hydrocarbon fuels provide energy for our world they have several very serious side effects. These negative side effects include harmful polluting emissions, increased level of greenhouse gases and catastrophic disasters such as large scale oil spills. Due to the widespread dependence on hydrocarbon fuels and the difficulty of their replacement, it is not economically feasible to completely eliminate their use in the near future. Hence, methods are needed to significantly reduce the harmful emissions and consumption of hydrocarbon fuels. With the depletion of fossil fuel and the adverse effect it has on the environment, researchers worldwide are working overtime to cost effectively improve internal combustion engine (ICE) fuel economy and emission characteristics. It is in this context that many are looking into hydrogen technologies as part of a sustainable energy solution. 
Hydrogen is the lightest chemical element with the symbol H and having molecular formula H2. Among all fuels, hydrogen is a long term renewable, recyclable and non-polluting fuel. It is carbon-free and the combustion of hydrogen gas produce water only. It is the most abundant resource in the universe. However the biggest problems in the use of hydrogen as a fuel are (i) the high cost of hydrogen gas processing from production to compression and (ii) the danger involved in carrying compressed hydrogen gas and (iii) increase emission of nitrogen oxides (NOx). 
One recent approach in tackling the above mentioned problems is the use of hydrogen as fuel supplement in fossil fuel combustion systems. Hydrogen holds significant promise as a supplemental fuel to improve the performance and emissions of spark ignition (SI) and compression ignition (CI) engines. Example of SI and CI engines are gasoline and diesel engines respectively. 
Hydrogen fuel enhancement is the process of using a mixture of hydrogen and conventional hydrocarbon fuel in an internal combustion engine, typically in a car or truck, in an attempt to improve fuel economy, power output, or both. This kind of hydrogen energy application is more feasible at our present stage than trying to use hydrogen as total replacement for fossil fuel due to the high cost of hydrogen production and safety measures. Therefore the present article is intended to give a brief review on the recent application of hydrogen as fuel supplement in modern ICEs. 
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CONCLUSION 
Hydrogen or hydrogen rich gas is a potential fuel  supplement in both SI and CI engines to enhance engine  performance and improve emission characteristics.  Generation of hydrogen in a form called Brown’s gas by  electrolysis of water on-board vehicle appears to be a  convenient and low cost method. The high burning velocity,  wide flammability range, high diffusivity and low ignition  energy are the main characteristics that make hydrogen a  potential additive for different type of hydrocarbon fuels. 
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Properties

Hydrogen | Unleaded gasoline | Diesel

‘Autoignition Temperature (K) 858 533-733 530

Minimum ignition energy (mJ) 0.02 024 -
Flammability limits (volume % in air) | _ 4-75 1476 0.7-5
‘Stoichiometric air fuel ratio (by mass) | _ 34.3 146 145
Net heating value (MI/Kg) 119.93 439 25

Flame velocity (cm/s) 265-325 37-43 30

Diffusivity (cm2/s) 063 0.08 -
Octane number 130 92-08 30
“Table 1 Properties Of Hydrogen





