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Marine diesel engines have the following excellent

o)

performances: wide power range, low power consumption,
strong endurance, good maneuverability, easy maintenance,
etc. Currently, marine diesel have absolute predominance in
marine power plants. Marine diesel engines include low-
speed, medium-speed and high-speed engines.
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Low-speed marine diesel engines (400r/min), mostly two-

stroke, single power up to 75,000KW, oil consumption

155g/kWh-165g/kWh,

the main engine equipment of three

major vessels: oil tankers, dry and bulk carriers, and container

vessels.
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Medium-speed marine diesel engines (400r/min-1,200r/min) are mostly
four-stroke, single power up to 26,S00KW, oil consumption 171g/kWh-
180g/kWh, generally serving as the auxiliary engine of three major
vessels to drive generators, air compressors, pumps, etc. 1,000KW and
above medium-speed engines (800r/min-1,200r/min) can also serve as
the main engine of KT-class passenger liners, operation vessels, ro-ro
vessels, etc.
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High-speed marine diesel engines (1,200r/min-1,800r/min),

four-stroke, single power up to 6,500KW, oil consumption
about 198g/kWh-210g/kWh, generally used as the generator
set of ocean-going vessels and coastal vessels, can also be
used as the main engine of high-speed vessels.
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 The development of marine diesel engines

R Lot ) BUR SR A B EBOART 2 H ™ I HEBUE L E R ;
R P 4R 1R R TR W 5 P 77 5
REESLR I T REENLR G L

Control of operating conditions, exhaust after-treatment and other
technologies are adopted to meet the increasingly stringent requirements of
emission laws and regulations;

Significantly increasing fuel injection pressure;

— Improving the reliability, and comprehensive economy of continuous service.
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 Domestic medium-speed diesel engines: low power, mainly used for fishing vessels

and inland waterway vessels.
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Fuel Treatment System of Diesel

Engines for Ocean-going Vessels
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The fuel treatment systems of diesel engines for ocean-going vessels are all equipped

with fuel-treatment equipment, e.g. oil separators, filters and heaters.
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Usually, commodity fuel oils of different sources are separately stored in completely
drained fuel oil sedimentation tanks. Residue and water are separated from sedimented
fuel oil by the centrifugal oil separator. Then fuel oil is transmitted into daily service
tanks. Fuel oil in daily service tanks passes prior to entering the precision filters prior to
entering precision equipment. In order to ensure the regular flow of fuel and separation,

automatic controlling heaters are installed in many parts of the fuel system.
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Fuel Oils in Marine Diesel Engines
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Generally, two types of fuel oils are used in the low-speed diesel engines of ocean-going
vessels: distillate and residual. Distillate fuel oil is used when the vessel is departing from
or reaching the port and on the seas subject to environmental laws and regulations. After
the vessel departs from the port for certain distance, valves may be switched for residual
fuel oil.
— TEDRORIH S B, RGBT I S DO MR ORVE B PR T 2 . SR
HGB 252
— The selection of the designation of distillate fuel oils is based on the seas and laws
and regulations for port areas. Ordinary diesel GB 252

— BREREIWES H AR E, ZHITHARRE. GB/T 17411 (HERZAENHDY /1SO
8217-2005 {HEFBEIHH)

— The designation of residual fuel oil is determined by the owner and subject to vessel
design. GB/T 17411 Marine Fuel Oils / ISO 8217-2005 Specifications of Marine
Fuels
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Inland waterway vessels: ordinary diesel oils, residual oils, etc.
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Use of Fuel Oils in Marine Diesel Engines
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Generally, two types of fuel oils are used in the low-speed diesel engines of ocean-going
vessels: distillate and residual. Distillate fuel oil is used when the vessel is departing from
or reaching the port and on the seas subject to environmental laws and regulations. After
the vessel departs from the port for certain distance, valves may be switched for residual

fuel oil.
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HGB 252

— The selection of the designation of distillate fuel oils is based on the seas and laws

and regulations for port areas. Ordinary diesel GB 252

— BRERENHEES B RTE, 2 TR GB/T 17411 (FEAZRENHY /1SO

8217-2005 {HEFBEIHH)

— The designation of residual fuel oil is determined by the owner and subject to vessel
design. GB/T 17411 Marine Fuel Oils / ISO 8217-2005 Specifications of Marine

Fuels
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Inland waterway vessels: ordinary diesel oils, residual oils, etc.
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Requirements for the Main Properties of Marine Fuel Oils
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231 E Kinematic Viscosity
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Low-speed marine diesel engines are designed to use fuel oils with the viscosity
grade up to 700cSt, mainly 180 and 380 residual fuel oil with low ash content and
low density.
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Generally, distillate fuel oil is used in medium-speed diesel engines. However, to cut
costs, residual fuel oil with the viscosity grade lower than 180cSt can be used in
technologically transformed medium-speed diesel engines.
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Fuel viscosity is adjusted for the heating system. Usually, the injection viscosity
required by fuel oils is about 12¢St. If 50°C fuel oil with the viscosity of 380cSt is
used, the corresponding injection temperature is approximately 137°C. If 50°C fuel

oil with the viscosity of 420cSt is used, the injection temperature is approximately
139°C.
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High-density fuel oil contains a large amount of residual carbon and
asphaltene, with poor combustion performance.
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The capability of the oil separator in water separation is subject to the
density of oil products. The density of fuel oil separated by ordinary oil

separators is 991kg/m?>. New oil separators can separate fuel oil with the
density of up to 1,013kg/m>.
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The ISO 8217-2005 standard stipulates the maximum limit values of
density for all designations of oil products. The limit values of density of
designations of residual fuel oil with low viscosity is lower than that of
the previous version.
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Marine fuel oils u are usually the mixture of residual oil and light distillate oil. In
contrast with products mixed with straight-run residual oil, those mixed with
reprocessed residual oil contain residual catalyst particles, with a large amount of
vanadium, nickel, aluminum, sodium, silicon and other compounds. Such
products may aggravate the particle wear and corrosion wear of cylinder liners
and piston ring and damage the tightness of exhaust valves.
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The ash content of residual fuel oils in the market differs a lot with each other.
Some fuel oils with high ash content cannot be used as marine fuels. Such fuel oils
can only be used in industrial furnaces. According to ISO 8217-200S, The
indicator of ash content in residual fuel oils is modified from not higher than 0.2%
to not higher than 0.15% in GB/T 17411.
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Carbon residue and 10% leavings of carbon residue are an indicator which implies
that coking and carbon buildup during the the combustion of fuels in the
combustion chamber. Generally, the indicator of 10% leavings of carbon residue is
used for light diesel oil. All samples of carbon residue are used for heavy fuel oil. If
fuel oils with high content of carbon residue are used, the equipment overhaul
interval is likely to be shortened due to the quick accumulation of carbon buildup in
the combustion chamber.
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The percentage of 10% leavings of carbon residue in light diesel oil for high-speed
diesel engines shall not exceed 0.3%. Low- and medium-speed diesel engines feature
low speed of rotation. After fuel oils are injected into the combustion chamber, there
is a long time for evaporation and mixing, allowing fuel oils to be mixed with air for
gasification and basically complete combustion. Therefore, the maximum percentage
of carbon residue in fuel oils for large low-speed two-stroke diesel engines may be
22%.
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After fuel oils are treated in the sedimentation tank, oil separator and daily
service tank in the marine fuel oil system, water can be reduced to the level
within the allowable scope (0.2%). However, excessive water may affect the
stability and heat value of oil products and cause system corrosion. In ISO
8217-2005, the water content in residual fuel oil with high viscosity is
modified from not higher than 1.0 in 1996 to not higher than 0.5.

T BEHE RMRRSETED AR & REME. ISOfrHEF X
“EERUTIEY” M “EBEETTIEY” 73R LT 73 OB A AR o
Excessive asphalt, impurity and other sediments may cause the failure of
equipment for treatment. According to the ISO standard, 'total sediment
existent" and "total sediment potential" are used for distillate fuels and

residual fuels respectively.
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High content of sulfur in fuel oil is very likely to cause serious metal
corrosion and wear of storage systems, filter systems and combustion
system. Its combustion products SOx have a serious influence on
humans and the environment. Since ocean-going vessels are basically at
sea, no strict limitations have been defined on the content of sulfur in
international marine fuel oil standards. But with the implementation of
MARPOL of the International Maritime Organization (IMO), the

content of sulfur in marine fuel oils will decrease gradually.
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A new test item regarding the existence of waste lubricating oil in marine
fuel oils is included in the new edition of ISO 8217 Standard indicators:
max limit of calcium 30mg/kg, max limit of zinc 15mg/kg, max limit of
phosphorus 15mg/kg. The basement of judgment is that if one or more
items of the content of calcium, zinc and phosphorus is lower than the
max limit, it may be assumed that there isn't waste lubricating oil in the
marine fuel oil. If all the 3 indicators exceed the max limit, it's assumed

that the marine fuel oil contains waste lubricating oil.
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Foreign Classification of Diesel Oils
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Uy Type of diesel Category of diesel SR
andards
5% 4 2 ] S5 ASTM D 975-04a
USA Automotive diesel fuels
RB (a2 ASTM D396-02
Fuel oils (distillate)
PR AL R ASTMD 2880-00
Gas turbine fuel oils
Fi FH AL ASTMD2069-91 (1998)
Marine fuels
e 3 7 FH SE BS EN590:2004
UK Automotive fuels, diesel
A TV FH 280 BS 2869:1998
Agricultural and industrial
diesel
SRR (o ) BS MA 100:1996

Marine fuel oils (distillate)
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Foreign Classification of Diesel Oils

hyEd| 2 YRS DIN EN 590:2004
German Automotive diesel fuels
y B R DIN 51603-1:2003
Light fuel oils
%% B 2 R S AT 5E T'OCT 305-82
Russia Diesel fuels for hlgh-speed (YETT5 1990410 A 1 H 5Lt )
diesel engines (S5th revised version implemented as
from October 1, 1990)
I S AL 5 F'OCT 1667-68

Diesel fuels for medlum- (IEZTT5M 1998411 H12H A ) Sth
and low-speed diesel enginesrevised version issued on November

12, 1998)
HZA 2 ZEFSEm (B2 JIS K2204:1997
Japan Automotive diesels (light
oils)
A JIS K2205:1991

A heavy oils
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Breakdown of Domestic Diesel Consumption in 2007

ZEVH Diesel
FeH 22
. Passenger
1. % vehicle
Diesel-engined
vehicle [HEES
Commercial
vehicle
2. RALHMH
Qils for agricultural machinery

3. RA%E

Agricultural vehicle
4. ¥V Fishery

5. 7KB%iz%) Water transportation

6. LH ik

Industrial and mining enterprises

HERE (I EEBil, %
Consumption (10,000 tons) Percentage, %

pr: 0.20
4,348 35.75
2,537 20.86
1,147 9.43

663 5.45

833 6.85

663 5.45
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Breakdown of Domestic Diesel Consumption in 2007

7o A . 534 4.39
Railway transportation

8. HJj Power 394 3.24
9. PEEIHAT

Halls and buildings S S
10. EHET

Building construction S S
11. HAif Others 240 1.97

41t Total 12,162 100
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A Comparison of Main Indicators for
Automotive Diesels and Regular Diesels at Different Stages

DiH Item GB 252-2000 GB252-2011 GB/T 19147- GB 19147-2009
2003
JE5#E Designation 10/5/0/-10/-  10/5/0/-10/- 10/5/0/-10/-  5/0/-10/-20/-35/-
20/-35/-50 20/-35/-50 20/-35/-50 50

&K Ignitability
TNEEE AT 45 45 49/46/45 49/46/45
Cetane number not lower than - 43 46/43/43 46/43/43
TR E AT

Cetane index not lower than

RER, % ART 0.2 0.2/0.035 0.05 0.035
Sulfur content, % not higher

than

SHERER, % KT 1"

Polycyclic aromatic hydrocarbon
content, % not higher than

JEEME, um ARF 460 460
Lubricity, um not higher than
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A Comparison of Main Indicators for
Automotive Diesels and Regular Diesels at Different Stages

2R, mgKOH/100mL AKF 7 7
Acidity, mgKOH/100mL not

higher than

g, 5 ARTF 3.5 3.5
Chroma, number not higher

than

FE (20C) , kgm® AKTF S SE 820-860/800-  810-850/790-
Density (20°C), kg/m> not higher Actual Actual 840 840

than measurement measuremen
t



ZER%H (

V) BEE

RANEEK

Main Technical Requirements for Automotive

Diesel (

(GB 19147-2013)

Item

FRE, mgKOH/100mL AKRT
Acidity, mgKOH/100mL not hither than

REE, %(RESH AKT

Sulfur content,% (mass fraction) not higher than

¥ (HFRR) Lubricity (HFRR)& IE R E A
(60C) pm A KFCorrected diameter of
grinding track (60°C) pg/m not higher than

ZHTGR, % (RESB KT

Polycyclic aromatic hydrocarbon,% (mass fraction)

not higher than
% KHE: Ignitability:
AVAY SR AN /51

Cetane number not lower than

EE20C), kg/ m?
Density (20°C), kg/m3
FEWTBR I BE, % (BEBRFHO AKXT

Fatty acid methyl esters,% (volume fraction) not
higher than

IV)

20 -35 -50

/0.0010

149 147
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SCEiHTE
Automotive Diesel Fuel (V) GB 19147

Implementation Process

- SLHEHHEE: 20134F6H8H

Date of implementation: June 8, 2013

T VE R Period of transition
. F1 BREE: 350ppm) : 20114FE7H1E
. 2 (MiSE: S50ppm) : 20144E12H31H
- R3 (BEHE: 10ppm) : 2017F12H31H
 Table 1 (sulfur content: 350ppm): July 1, 2011
e Table 2 (sulfur content: SOppm): December 31, 2014
 Table 3 (sulfur content: 10ppm): December 31, 2017
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Marine fuel oils need to be planned and distributed in
accordance with the demand for marine engines;

B SETH TTR 7 IR E
The upgrade of ordinary diesel oils need detailed
demonstration;

EZHAM R TR, REERRRAEETE.

More components will be used in marine fuel oils. Quality
control will be the principal contradiction.
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