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Item Specifications

Engine type 2 Stroke, X-Head, T/C

Rating output [kW/rpm] 7400/129

Displacement [cc] 14,618

Cyl. Number - bore x stroke [mm] 6 - 460 x 1932

Max. fuel consumption [kg/h] 1393

Introduction Results

Future Work

MARPOL ANNEX Ⅵ 
Regulation 13 : NOx
Regulation 14 : SOx & PM

• IMO(International Maritime Organization) restricted discharging ship’s harmful 
substances to sea by 73/78 MARPOL Convention(International Convention for the 
prevention of Pollution from ship)

• The Main air pollutants emitted from ships are regulated by ANNEX Ⅵ(Reg.12 ~ 15)

Background

Objectives

• Measurement methods are different depending on the physical properties of 
the black carbon.

• This study can give an information on data of BC measurement with various 
methods for identifying the most appropriate measurement methods.

Engine specifications Experimental Conditions

* BC is Distinct type of carbonaceous material, formed only in flames during combustion of 
carbon-based fuels.

1. Strongly absorbs visible light with a mass absorption cross section of at least 5m2g-1 at a wavelength of 550 nm;

2. Is refractory; that is retains its basic from at very high temperatures, with vaporization temperature near 4,000 K;

3. Is insoluble in water, in organic solvents including methanol and acetone, and in other components of
atmospheric aerosol; and

4. Exists as an aggregate of small carbon spherules. (Refer. Bond et al. definition)

Source : 
www.dieselnet.com

Experiment
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 IMO NOx Tier I
 IMO NOx Tier II
 IMO NOx Tier III

Sulfur Cap. Emission Control Area

Route Suez NSR Saving (%)

Rotterdam-Yokohama 12,894 8,452 34.45

Rotterdam-Shanghai 12,107 9,297 23.2

Rotterdam-Vancouver 10,262 8,032 21.67

Clean Ice Reflects

Ice with BC AbsorbsNOx Cap.

Northern Route

Test cycle

Cycle E3 cycle

Power [%] 100 75 50 25

Speed [%] 100 91 80 63

Weighting Factor 0.2 0.5 0.15 0.15

6S46MC-C7

Power [kW] 7,400 5,550 3,700 1,850

Speed [rpm] 129.0 117.2 102.4 81.3

Torque [kNm] 547.8 452.2 345.0 217.3

Mode 1 2 3 4

• MEPC of IMO is progressing to adapt regulation to reduce particulate 
emission(especially BC; Black Carbon)

• IMO approved the definition of Black Carbon for international shipping
* Maritime Environment Protection Committee

Measurement methods

Fuel properties

Property Method Result

Density @ 15℃ [kg/㎥] ISO 12185 912.2

Viscosity at 40℃ [㎟/s] ISO 3104 6.802

Sulfur [%(m/m)] ISO 8754 0.28

Water content [%(v/v)] ISO 3733 < 0.05

LHV [kcal/kg] ASTM D240 9953

Black carbon characteristics of two 
stroke marine diesel engine with 
various measurement methods

(ex. PAS, Mass meas. and MAAP)

Summary

* Acknowledgements: This study has been funded by the Ministry of Oceans and Fisheries of KOREA. Also this
study is conducting in government project “Quantitative assessment for PM&BC to climate change and
development of reduction technology for PM, BC from ships.

• Analysis on characteristics of black carbon emission emitted from marine engine is different
depending on the measurement methods of black carbon. Also the unit of measurement value
vary depending on measurement methods.

• There is need to select the representative measurement method for analysis on characteristics of
black carbon emission like CLD method for measuring NOx emission by IMO. To do that IMO
gathers data of black carbon measuring results on various ships and engine test bed.

• Before seleting the representative measurement method, there is need to compare to the results
with measurement methods and measurement results on any fuels, experimental conditions and
engine characteristics(type, purpose and etc.,).

Optical particle sizer

Number concentration

Nano particle sizer  The number concentration measured 
by means of dilutor and particle 
sizer(10ηm~10μm).

 The results revealed that particle 
number concentration with particle 
size were varied with engine operating 
conditions.

 The number concentration of 
nucleation mode particles under low 
speed and load conditions higher than 
that under full load condition.

Mass & Total number concentration

Particle sensor

* Particle diameter 
23㎚ ~ 2.5㎛

 The mass and total number 
concentration measured by 
particle sensor.

 The results revealed that 
particle mass and total 
number concentration
decreased with decreasing 
engine speed and load.

Experimental setup
Cooling tower

Cooling water system

Scav. air drain system

Lubrication system

Air supply system

Fuel supply system

Low speed engine test bed

Control room

Hydraulic 
dynamometer

2-ST diesel engine
HHI-MAN B&W 6S46MC-C7

Measuring cyl. press.Engine control console Arrangement of analyzers

HORIBA

Gas analyzer

Diluter
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OPS

OpacimeterSmokemeter

PPS

Schematic diagram of experimental setup

PB: paper blackening
RS: reflectometer value of the sample
RF: reflectometer value of the reference
RR: relative brighteness of the sample
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Soot concentration & FSN
 These results revealed that the

Filter smoke number value was
highly dependent on the engine
operating conditions for low load.

 A reason for higher smoke 
formation with low loads is that it 
might be formed in the locally 
fuel-rich zone downstream the 
liquid core of fuel spray, where air 
ratio is low, and it can be therefore 
directly related to low engine load 
or low engine speed.

Filter Smoke Number
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𝑰𝑰𝟎𝟎 : L. intensity w/o smoke
𝑰𝑰 : L. Intensity with smoke
𝑵𝑵: Opacity (%)
𝒌𝒌 : Absorb. coefficient (𝒎𝒎−𝟏𝟏)
𝑳𝑳 : Measuring lengths (𝒎𝒎)

𝑰𝑰/𝑰𝑰𝟎𝟎 = 𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬 = 𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 + 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺

 Although the magnitude and
unit was different, Opacity
was nearly similar with FSN
trend.

 In case of opacity is suitable for 
measuring particulate matter, 
but there is a limitation in 
measuring only the Black 
carbon.
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