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Comparison of removal efficiency of diesel particulate filter with different measurement methods
in a high-speed marine diesel engine
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Abstract: This study was conducted to compare the particulate removal efficiency of the developed diesel particulate filter using
various measurement methods in a high-speed marine diesel engine. A four-stroke mechanical marine diesel engine is used for
the test, which has a maximum output of 403 kW and is coupled to an AC dynamometer to control engine speed and load.
The test was conducted based on four steady-state engine operating conditions of E3 engine test cycle for the measurement of
PM and soot removal efficiency using partial dilution method considered as gravimetric method and filter smoke number meth-
od as light absorption method, respectively. As a result of the removal efficiency measurement according to the application of
diesel particulate filter, particulate matter was reduced from 76% to 91% and the soot was reduced by more than 90% while
meeting the permissible engine back pressure. From these results, the applicability of diesel particulate filter adopted in
high-speed marine diesel engines could be confirmed. In addition, based on the result that the particulate removal efficiency
varies with different measurement methods, the necessity of unification of these methods could be identified.
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Table 1: Specifications of the test engine

Items

Specifications

Engine type

V type, 4 valve, 4 cycle

Fuel injection type

Direct injection

Compression ratio

14.3 :

1

Cylinder number

Bore x Stroke [mm] 128 x 142
Displacement [cc] 14,618
Rating output [kW/rpm] 403 / 1,800
Rated speed [rpm] 1,800

Fuel consumption [L/h]

Cooling system

Indirect sea water cooling

Allowable pressure [mbar]

Figure 1: Schematic diagram of experimental setup

Table 2: Properties of test fuels

Properties Units value Method
Centane Index Rating 55.7 ISO 4264
Density(@ 157T) kg/m® 840.0 ISO 12185
Kin. vis. (@ 40°C) | mm?%s 3.591 ISO 3104
Ash Content %(m/m) 0.001 ISO 6245
Sulfur %(m/m) 0.036 ISO 8754

Pour Point T -6 ISO 3016
Water Content %(V/V) 0.00 1SO 3733
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Table 3: Specifications of the diesel particulate filter

i)

Items Specifications

Shape Quadrangle

Dimension [mm)] W140 x H140 x L305

Quantity [EA] 16 (95.6 liter)

Material Cordierite
Sort of catalyst (Pt-Pd)/AL203
Cell density [cpsi] 200
Space velocity [h] 20,000

Table 4: Specifications of the diesel oxidation catalyst

Items Specifications
Shape Circle
Dimension [mm] R266.7 x 75.2

Quantity [EA] 4
Material Cordierite

Sort of catalyst (Pt-Pd)/AL203

Cell density [cpsi] 400

Space velocity [h] 27,000
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Table 5: Experimental conditions

Mode 1 2 3 4

Power [kW] 403 302 202 101

Speed [rpm] 1,800 1,638 1,440 1,134

Torque [N'm] 2,139 1,763 1,337 849

gt ol etsl A 4417 A45(2017.5)

gl e - oq

BRAMEY WA AEeE o8 ARPEA A
2740 4% 70 mm BEA BEE AHg3te] A4
Hu) 27004 0024 A W XY F aiels 4Y AL
2 Bo) A% 54 PEghe FHAG. YYD JRE
H& 70 mm 4 (Quary) BEIE AHgatel T F vHA
HEEANE B NS THT £ YA
£9 oA9] S48 JEE ekl 2u3 e F9
QRN 59 HHtel Bitghe Farglon, PR
4ol H4AAE o) 8T Fohgel whE YAYEA 5
E(Opacity) = A7) QHAE o] F 0% F ST vl

3. Ag4d=

3.1 SHYHY ANASE HiE S4 24

Figure 20 UElW vlo} o] aAEd NZeE B
3 THE AAAEL FFe 4T 2w, A £
D )7 fe] ghad] wel Ao w QAR WE
o] gradts AFS BHAY AW, FEAA 0 S
AgA e} 2wz vHe) 24 ARt A% 43 4 4
Tho} AFolst AL ol Ao el HL). o]
=479 Qg B ZAwgle] Aol A7 A

Figure 2: Characteristics of particulate emission with meas-
urement methods under engine operating conditions

364



2144

=2 9
=

QA g el Sgugel o

Figure 3: Component ratio of particulate emissions under

Characteristics of reduction efficiency with a meas-

Figure 4

urement method(gravimetric) under engine operating con-

engine operating conditions

ditions

el

iz
=

WA, Figure 30 Uhebdl vhs) o] QAR A

2] % (Soot, SOF, Sulfate)

o] Y] Soote] T4 H]

;(E1

)
T
il
o
0

il
Al
=

<
il
]

A7} YAPFE A2 soot WRF o} oY

It

KIr

12324 7} soot

A 2

™

EER

Reduction efficiency of soot under engine operating

Figure 5

conditions

o
1H
70
i

ol
pill
10
xr
ol

It

Figure 4¢] YERASL

g Ad=

xr

o

L]
0

£ o

25 vE

o

B

o

!
o

i

Figure 6°l FERYIRATE FSNS] 79~ &

=
=

4] 23}

can g g

Z7121 3 modeoll A <F 91 % 2] =

soot2] A

0!
_

sl A

el
2ol

X
Al
1
Ho
o
Q)
)
‘mo

2l

b,

S

S} A}

5

STH11][12].

o]
A

Z o

CREERE

©]-8-3t Engine-out

LA

Figure 79 YERNSATE

=
=

o v GRS F3 Soot, SOF

Sulfate2]

AFo] sootO B 0] Fo]

SR AL 4 mode A 90 %

o] A7&EE YEFIO™, 2 modedl A 73 %2 7HE e A

A

Eloll )%k

7]
Figure 5| LtEbdl who} o] = 240 23404 90 % ©

A3}, oAn gz

§—l_

?_

=
=

B

op

o

7U

1

7 80 %< A

T

or
y=!

ﬂwﬂo

1

oy

rvie)

EE

j‘é
ARz g )

upgow TAn Y

9lgt

2}

S
=

5
T

o)
o

X
JJo

365

(2017.5)

A A41d A4z

%t

Soh el ¢l A U o]

—(:5_}



Figure 6: Characteristics of reduction efficiency with
Smoke meter

Figure 7: Characteristics of reduction efficiency with

Opacimeter

E3 cycle
Figure 8: Characteristics of gaseous emission with engine

operating conditions
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