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Abstract 
In the world with the great development of the industry, manufacturing for a very long time, the use of 

diesel engines in the agricultural industry, industry, transportation is very extensive, with the capacity 

and large scale. Not only have industrialized countries applied early, but they have also improved to 

meet the growing demand in the world today. From rudimentary engines, large, bulky components over 

time have become compact, shape, design, and modern in automation and control systems. Because of 

the advantages of a diesel engine compared to a gasoline engine such as higher engine efficiency, 

cheaper fuel, use of fuel mixture and quality is not too rigorous diesel engines. It is widely used in 

many branches and fields. In the industrialization and modernization of the day, the use of small diesel 

engines has played an important role in contributing to the development of the national economy in 

such areas as manufacturing, agriculture, transportation, road, and water transport. For small-sized 

diesel engines, to operate efficiently and meet the requirements in the fields of exploitation and 

production, besides the improvement of engine structure to improve capacity, economic indicators. 

There are other research projects such as the production of new fuel, biofuel replacing a traditional and 

friendly fuel, without environmental pollution, greenhouse effect. These studies have been studied and 

applied by many countries, organizations, and scientists around the world with the aim of being 

environmentally friendly and reducing harmful emissions to the environment. 
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Introduction 

The fuel used for engines is mainly petroleum distillate, which is a complex mixture of 

different carbon hydroxide groups. Based on the nature and structure of carbon hydrogen 

molecules classified into 3 groups: straight-chain hydrocarbon (full and unsaturated); cyclic 

carbon hydrogen (naptalin); Aromatic carbon hydrogen. Straight-chain carbon hydride: 

especially hydrogen carbonate (carbon monoxide especially napraphin or alkanes) has the 

highest self-ignition ability. Aromatic carbon monoxide of benzene has the lowest self-ignition 

ability. Naphthalene carbon monoxide has the ability to spontaneously ignite between these 

two families. The content of naphthal hydrocarbon present in the composition of the fuel makes 

the fuel viscosity increase. The chemical composition of the group indicates the different 

percentages of carbon monoxide groups in the composition of the fuel. The content depends 

on the composition of the fuel. Distillate fuel contains about 30-55% hydrogen carbonate, 5-

15% hydrogen carbon naphthal, 30-50% aromatic hydrocarbon, with heavy fuel containing 5-

50%, 40-70% and 10- respectively 25%. The chemical composition of the group allows to 

assess the ability of the fuel to ignite itself compared to the ability of spontaneous combustion 

of different fuels. The higher the composition of hydrogen carbonate fuel and the less aromatic 

hydrocarbon hydrogen, the higher the probability of spontaneous combustion (assessed by the 

number of dissipation). With marine diesel engines often use 2 types of fuel produced from 

petroleum: distillate fuel and heavy fuel. The low viscosity fuel can therefore not need to be 

heated before it is fed into the diesel engine cylinder. This type of fuel is called diesel fuel and 

gas turbine fuel. Diesel fuel obtained during direct distillation of petroleum including 

distillation mainly boils at a temperature of 230-3450C. Gas turbine fuel is the fuel obtained 

by the slow cup method from the asphalt crackin of the remaining substances of sulfur oil. This 

type of fuel has a low ash content, negligible mechanical impurity content, but high sulfur and 

resin content. Heavy fuel is a   
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mixture of remaining oil products when distilling petroleum 

directly. Based on the composition and quality of the 

component, heavy fuel is classified into a high viscosity and 

medium viscosity grade. Because heavy fuel has a high 

viscosity, drying equipment is required in the fuel system 

Marine diesel engines are internal combustion engines, the 

combustion of diesel fuel occurs in the combustion chamber 

when the piston approaches the upper dead zone in the 

compression phase, fuel is injected, blended, evaporated and 

burnt under the effect of temperature and high pressure of 

compressed air [1][2]. Diesel engines were invented by a 

German engineer, Rudolf Diesel in 1892. The diesel engine 

cycle was also called the diesel cycle. 

 

 
 

Fig.1: Marine diesel engine 

 

In Vietnam, diesel engines have been used extensively in 

agriculture, industry, transportation, and waterways for a 

long time [2]. Vietnam is a war-torn country, and we are now 

a developing country with a backward, agricultural, 

industrial, transportation backwardness. Development lags 

far behind other countries in the region and in the world in 

all areas so that the application of technology and industrial 

products in the world is always in the water [3]. The State 

attaches great importance to investment, especially for 

investors who create superior products [4]. The application 

of modern machines to production is prioritized for 

development. In that small diesel engine is focused 

development and practical application in the manufacturing 

industry, as for some cars of Hyundai, Mercedes etc. 

According to the general development trend above In the 

world as well as in Vietnam, in the next few years, the use 

of new generation of small-sized diesel engines is strongly 

developed thanks to the advantages such as fuel economy, 

smooth operation, and no pollution. 

 

 
 

Fig.2: Emissions of NOx and PM based on requirements 
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In the field of agriculture, forestry, and fisheries, small diesel 

engines are used as a motive force for soil preparation, water 

pumping, animal feed suppression, milling machines etc [5]. 

Small diesel engines are also made into tractor mixes, shore-

based generators for companies, plant enterprises, etc. Most 

small diesel engines operate at stable speeds and are close to 

the design revolutions, which are suitable for industries and 

fields. Production and exploitation on shore [6]. The design 

of the engine is simple, easy to use, repairs, extracts and 

maintains maintenance. In the field of marine diesel engines 

are widely used on all surface ships and even submarines in 

the field of the military. The advantages of diesel engines 

compared to petrol engines are that the shipbuilders, diesel 

generators, investors and operators have put their trust in 

diesel engines [7]. Diesel engines are installed under the ship 

as a driving force to push ships, hybrid generators, hybrid 

pumps ... Depending on the purpose of use, the diesel engine 

installed under the ship has many different types of power 

such as dynamics. High-speed slow-motion engines, high-

speed engines, medium-speed engines, and small-capacity 

engines [8]. Along with that is the fuel used for engines as 

well as light fuel (DO), heavy fuel (FO) and fuels blend 

between fuel (DO) with vegetable oils and dynamite. object. 

Today, all advances in science and technology, 

manufacturing of diesel engines are eager to create new 

generations of engines that meet the needs and purposes of 

people, meeting the conditions of use. and especially to meet 

the problem of emissions do not pollute the environment, the 

greenhouse effect. In particular, the use of new fuels, 

traditional biofuels replacing traditional fuels, is an urgent 

need. The introduction of new fuels and biofuels into diesel 

engines is a small diesel engine. 

Characteristics of small marine diesel engines 

Diesel-powered marine engines usually function as 

powertrain main propulsion or alternator motors, or hybrid 

alternators. In addition to the general structural features, 

marine diesel engines have a number of distinct 

characteristics compared to fixed-mounted diesel engines or 

vehicles fitted on road transport vehicles. This is due to the 

special requirements for features, working conditions, 

operating and installation conditions as well as current 

regulations and regulations as required by the IMO. In 

practice, the classification of marine diesel engines is based 

on rotation and capacity into three categories (Table 1). 
 

Table1. Classification of marine diesel engines 
 

Technical parameters 
Engine types 

High-speed 4 strokes Medium-speed 4 strokes Low-speed 2 strokes 

Piston speed [m/s] > 8,5 6,5 ÷ 8,5 ≤ 6,5 

Crankshaft revolution [v/p] 960 ÷ 3000 400 ÷ 1000 50 ÷ 250 

Power [kW] to 5000 500 ÷ 30.000 1.500÷100.000 

 

Diesel engines for main propulsion engines, hybrid 

generators, hybrid auxiliary equipment, capable of stable 

operation, reliable for a long time, continuous, in the 

environment of frequent changes in physical conditions 

(temperature, humidity, etc.) and chemical (salinity in air) 

[17]. With the requirements of safety, reliability and 

economy as stated in the International Maritime 

Organization (IMO) Convention on Marine Life Safety - 

SOLAS 74, Used on marine vessels, usually designed to 

work with a rotation of 50 v / p (two-stroke engine capacity) 

to 1500 v / p (four-cycle engine generators or hybrid 

propellers in small ships), in addition to the engines mounted 

on military ships, the rotation is up to 2500v / p, while the 

higher speed engines as classified in (Table 1) can be fitted 

on small cruise ships for the purpose of tourism or in military 

vessels and other service vessels. In the design and 

manufacturing process, the working cycle of the engine 

determines the time it takes to fuel the engine and, 

accordingly, the appropriate fuel. To see the fuel 

consumption of the engine shown above, take the rotational 

value of some of the typical engines to calculate and show 

how long the fuel is fed to the engine depending on their 

working speed. it can be clearly seen that: 

 High-speed diesel engines (from 1500 to 3000 rpm), 

fuel injection times are very short and occur only within 

0.0016 to 0.0033s. For this type of engine, the fuel used 

is MGO (marine gas oil) light diesel with high quality 

and relatively expensive price. HFO (heavy fuel oil) will 

adversely affect engine performance, as heavy HFO oil 

will require longer evaporation time to mix with the 

resulting air. complete combustion mixture. 

 For medium and low speed diesel engines (from 600 to 

94 rpm), the fuel delivery time will be longer than the 

high speed motor and occurs from 0.0083 to 0.044 s. 

With this type of diesel engine, it is possible to use HFO 

with lower quality and price. 

 

With specifications such as marine diesel engines are usually 

quite easy to use in the use of different fuels, from distillate 

fuel to HFO. In fact, in order to increase the economics of 

the operation of medium speed and low speed diesel engines 

on board, HFO fuel is used mainly. Low viscosity distillate 

fuels are often used in unstable operating modes, transition 

modes to ensure operating parameters of engines. All types 

of fuel have their own characteristics, which meet the 

requirements of the engine in terms of structure, operation 

and operation of engines such as: density, heat value, 

viscosity, freezing temperature, fire temperature , ash value, 

ash content, sulfur content, water content. 

Therefore, the shipping vessels usually use two-speed motor 

(50-210 rpm) as the main engine. At the same time, auxiliary 

engines use four-stroke diesel engines with or without 

turbochargers. Specialized vessels such as tugs, ferry boats, 

ocean-going vessels, high-speed and high-speed diesel 

engines (>1500 rpm) are widely used as main engines. 

Currently, nearly 100% of river ships and marine-based 

ships are equipped with diesel power stations. The number 

of seagoing vessels also accounts for 95-97% of the total 

installed diesel power equipment. 

Fuel for marine diesel engines 

Generally, the fuel used for diesel engines will be 

determined by the specific technical characteristics of the 

engine as described in section II. The International 

Organization for Standardization (ISO) therefore sets 

standards for fuels suitable for diesel engines, including 

diesel engines. The mandatory standards for diesel engine 
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fuels are based on the properties of fuels such as: density, 

calorific value, cyanide, sulfur content [17]. This also serves 

as a basis for assessing the suitability, reliability and safety 

of a fuel when used as a substitute for marine diesel. 

According to US standards, diesel is divided into six 

different grades numbered from 1 to 6 depending on boiling 

point, chemical composition, purpose of use and viscosity 

(the higher the viscosity, the higher the index). The viscosity 

of diesel No. 6 is the highest and the number 1 is the lowest. 

Diesel grades numbered 1 to 3 are usually distilled diesel. 

Diesel No. 1 is kerosene, also called steam oil because it 

burns out completely when heated. Diesel No. 2 (also known 

as diesel oil) is a diesel fuel used primarily for road diesel 

and diesel engines with the characteristics shown in Table 2. 

Diesel No. 6 is the rest of the crude oil after all the 

components such as gasoline, kerosene and fuel oil 

component 2 evaporate, so it's also called sludge or heavy 

oil. Diesel No. 4 is the blend of Diesel No. 2 and No. 6 

Diesel. Diesel No. 5 is also a blend of the two, with a higher 

ratio of Diesel 6 in the mixture and up to 75% mass. 
 

Table 2: Technical parameters of Diesel No. 2 (DO) 
 

Parameters  Unit Value Standard 

Sulfur content  % mas 0,36 EETD 86 

Flash point  oC 91 EETD 84 

Density at 15oC  Kg/m3 846,4 EETD 84 

Pour point  oC -27 Mackay 82 b 

Kinematic viscosity at 200C  cSt 4 Mackay 82 b 

Dilution at 20oC  Kg/m3 3 Mackay 82 b 

 

Although marine diesel engines work in a variety of fuels, 

when the fuel is working on a diesel engine, it will need to 

meet rigorous requirements such as fire and explosion 

requirements. Ensure safety on board. 

 The ignition point of the fuel used for the main diesel 

engine on the ship shall not be less than 600C. 

 Fuel temperature must be lower than flash point in 100C. 

 Fuel needs high stability, ensuring that the heavy 

components in the fuel are not separated and settled to 

the bottom of the tank. As long as the ships operate on 

the sea, they must store a large amount of fuel 

(thousands of tons of oil) and work under constant 

weather and climate conditions 

 Because marine diesel engines are usually low-speed 

and mid-speed engines, the ability to use low-quality 

fuels, mechanical components, sulfur, etc. is relatively 

high. This is a major source of environmental pollution 

of water transport vehicles. 

 

The issues mentioned negatively affect the efficiency of 

vessel operation especially when fuel prices and associated 

transport costs continue to increase while freight rates 

decrease. Therefore, efficient use and management of fuel is 

of particular interest [19]. In Vietnam, the National 

Assembly approved the law on energy efficiency and 

conservation on June 17, 2010, in which Chapter IV 

specifically regulates the transportation sector. Accordingly, 

on October 2, 2012, the Government issued Decision No. 

1427 / QD-TTg approving the national target program on 

"Energy Efficiency and Conservation in 2012-2015", with a 

Among the outstanding objectives is "Development of 

transportation system to meet the demand of transport with 

higher quality, fuel saving and limited pollution. Promote the 

application of new technologies, using renewable energy to 

replace traditional fuels in transportation. " To realize this 

issue, the Government focuses on "Applying new 

technologies, renewable energy in transportation" with the 

following main contents: 

 Applying new technical innovations and technologies in 

transportation to save energy, reduce pollutant 

emissions. 

 Deploying renewable energy and alternative fuels 

(CNG, LPG, LNG, biofuel, electric energy and other 

potential energy) for means and transport equipment. to 

improve the efficiency of energy use. 

 

In 2009, the IMO's Greenhouse Gas Research Council 

aggregated seven types of fuels that could be used in the 

maritime sector: distillate oil, heavy oil, LNG, PLG, 

biodiesel fuel. biotech and original vegetable oils), synthetic 

diesel (FTD) and other recyclable fuels [20]. However, 

considering the extent of the environmental impact, 

including the emission of emissions from use and the 

emission of emissions from the production of fuels, there are 

two more highly rated fuels, LNG and diesel. Biological. 

On August 31, 1937, at the University of Brussels, G. 

Chavanne soon received a patent (Belgian patent -422,877) 

for the first time that vegetable oil reacted with ethanol, 

methanol and That's biodiesel now. 

US: It is the country that uses biodiesel in the most popular 

shipping sector and has set many regulations on the use of 

biodiesel since 1992 when applied on ships. Many US 

organizations have successfully implemented a pilot 

program for the application of biodiesel blends with B1 to 

B100 diesel, especially on reducing emissions from ships 

and protecting the marine environment such as The 

experiment was conducted by the Washington State Sea 

Ferry Association (WSF) and the Royal Caribbean Railway 

Corporation (RCCL) on both the main diesel engine and the 

gas turbine. The WSF is the leading research organization 

for biodiesel applications in the ferry system since 2003 and 

is currently using the B20 primarily on association ferries. In 

addition, biodiesel is widely used in US naval vessels as well 

as US Coast Guard ships (USCG) as an environmentally 

friendly fuel that meets the stringent requirements of the US 

Navy. organizations and associations for environmental 

protection in the country. 

A survey of the use of biodiesel on 100 cruise ships 

operating in the San Francisco Bay Area from 1994 to 1997 

showed a positive response from boat owners for this fuel. 

Most of the ships are over 20 years of age and use diesel 

engines from Mercedes, Yanma, Isuzu, Volvo ... about 75% 

of ships use biodiesel blends at rates of over 25% and nearly 

1/Number of boats using B100. 

In Denmark, in 2007, the Scandlines ferry called 

"Fanffergen" tested the use of the B100 biodiesel engine on 

a 600 watt Caterpilar 3412 engine. The result was positive 

and did not need to be. Adjust the system before use. This 
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result has a strong impact on engine manufacturers as well 

as ship owners towards the increased use of biodiesel on 

ships. 

Wartsila (Finland), one of the world's leading marine engine 

manufacturers, has begun looking for alternative energy 

sources since the 1980s, especially those that use biofuels. 

Learn on the engines manufactured by the manufacturer. In 

1995 the company succeeded in testing diesel oil as a fuel 

for diesel engines and by 2003 had installed in the Federal 

Republic of Germany the first energy system powered by 

vegetable oils used for commercial purposes. Commerce. 

Most recently, STX Finland has signed a commercial 

contract with Wartsila with three 4L 6L20 bio-fuel (Liquid 

Bio Fuel) engines with a capacity of 1,026 kW, a revolving 

750 v / p engine. electric propulsion for 2 propeller ships 

Aura II capacity of 4,700 DWT launched in 2012. 

Wartsila's main technology is to design, improve and 

manufacture new fuel systems, especially high-pressure 

pumps. According to the company's experiments, the 

phenomenon of air bubbles in the high-pressure fuel feed 

system, which leads to corrosion and damage to the surface 

of the components, is of particular concern when using 

biofuels. Air bubbles can appear in the oil reservoir chamber 

before entering the high pressure pump or in front of the 

injector, causing the engine to operate unstable at a load. 

With its biofuel engine, the company designed the optimized 

low pressure fuel cell in the high pressure pump. It also pays 

special attention to the mobility of fuel on its way through 

the low-temperature bio-fuel. Therefore, maintaining fuel 

temperature in the range of 10-150C above the freezing 

temperature is extremely necessary, in addition to paying 

attention to the slope allows easy mobility. 

MAN B & W (Germany) started research on the use of 

biodiesel fuel after 1994. Although it did not focus on ship-

to-ship studies, the company also achieved many results 

when tested. Test the compatibility of many biofuels with 

their engines to create the most suitable fuel. In 2001, the 

company tested the deployment of a bio-diesel powered 

system powered by a 750 kW engine and then tested low- 

and mid-speed engines. MAN B&W's bio-fuel research 

effort was launched in 2007, when it was commissioned in 

Mouscron, Belgium, a hybrid power generation system 

equipped with a four-stroke engine. The 18-cylinder 18V48 

/ 60 has the largest capacity (17.7 MW) of biofuel. The 

company also provides a large number of diesel engines 

using biofuels for other power plants. The company also 

confirmed the possibility of applying biofuels on ferry boats, 

but the biggest obstacle is the high cost of fuel compared to 

traditional diesel fuel. Combined with studies and 

evaluations by other diesel engine manufacturers such as 

Caterpilla or Rolls Royce / Bergen Diesel, it is concluded 

that biofuels can meet Good response to use on board. 

Actually biodiesel has many physical and chemical 

characteristics that are similar to traditional diesel, but in 

between them there are still differences so apart from having 

to improve the main details as mentioned, Other components 

of the fuel system such as: storage tank, separator, direct 

deposit, mixer. Studies have shown that the use of B100 

biodiesel fuel is possible, however, with many negative 

effects on engine specifications, engine economy, wear and 

tear of engine parts, and damage. the sealing details, ... and 

need to study further. As for the mixing of biodiesel and 

diesel for different ratios ranging from 5% to 20% biodiesel 

in the mixture, the above factors are not nearly as great. 

However, the mixture between biodiesel and diesel is not 

very stable, so it is classified and split very quickly, resulting 

in poor mixing quality, affecting the exploitation of the 

engine. Another important limiting factor of this research is 

the high cost of biodiesel due to the costs of extracting 

biodiesel from the original vegetable oil or animal fats 

through esterification to reduce the Fat contained in the 

composition. 

 

Conclusion 

When choosing a fuel, it is necessary to consider the 

specificity of the structure, the working mode of the diesel 

engine, the introduction of the factory, the cost of fuel and 

the ability to clean and heat the system. fuel as well as the 

ability to transfer engines working from diesel fuel to heavy 

fuel. Due to the diversity of diesel engines and the 

requirement for fuel, oil processing technology produces a 

number of fuels with different physicochemical properties. 

According to the type of fuel divided: Distillate fuel: diesel 

fuel; gas turbine fuel; Heavy fuel: medium viscous fuel and 

fuel oil. Diesel fuel used for medium and high-speed diesel 

engines as auxiliary engines as well as for medium and low-

speed main engines in start and mannequin modes. With 

diesel fuel with low viscosity when used, it does not need to 

pre-heat, but diesel fuel has a high price. Some diesel 

engines do not use heavy fuel but use gas turbine fuel. The 

cost of gas turbine fuel is lower than diesel fuel because it is 

the product obtained after diesel fuel when distilling oil. Gas 

turbine fuel has a lower viscosity than heavy fuel (no more 

than 21 mm2 / s at a temperature of 500C), so it can be used 

as diesel fuel without heating. However, compared to diesel 

fuel gas turbine fuel has lower self-ignition ability, higher 

freezing temperature, capable of creating soot and greater 

sulfur content. For the current Vietnam fleet, some fuels are 

used according to ISO and CIMAC. With the new medium 

and low-speed marine-diesel diesel engines using fuels with 

large viscosity and density, the specific volume reaches 

1.01T / m3. Heavy fuel is widely used for marine diesel 

engines because of cheaper distillation fuels. However, 

medium viscosity fuel and fuel oil have viscosity, high sulfur 

content, water and high mechanical impurities. To use these 

fuels in diesel engines, the fuel system requires drying 

equipment, water and impurity cleaning. To neutralize the 

harmful effects of sulfur on cylinder piston group parts, high 

alkaline cylinder lubricants are used. Commonly used 

lubricants: M-16E30, M-16E60, M-20E70. With the main 

engines and medium-speed hybrid generator generators not 

using heavy fuel, it is widely used to reduce the fuel 

consumption rate of fuel mixture (diesel fuel and heavy fuel) 

with determined rate. The mixture needs to have uniform 

viscosity to ensure quality fuel injection through nozzles, 

working reliably and economically. 
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