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A Study on the Characteristic of NOx Emissions by IMO Operating
Modes in a Four Stroke Marine Power Generation Diesel Engine

Young-Jun Chang? - Hyun-Kyu Kim#* * Gyu-Bo Kim#* - Chung-Hwan Jeon*#*

Abstract : Environmental protection on the ocean has been interested and nowadays the
International Maritime Organization(IMO) has advanced on the prevention of air
pollution from ships. This study presents the performance and the emission
characteristics of 4 stroke marine diesel engines for generation application in D2
cycle(IMO mode). The effects of important operating parameters, such as intake air
pressure, intake air temperature and maximum combustion pressure on NOx emissions
were also described. Emissions measurement and calculation are processed according to
IMO Technical Code.

The results show that the maximum combustion pressure by fuel injection timing
control and intake air temperature has strong influence on NOx emission production.
But NOx emission is not affected by intake air pressure and exhaust gas back pressure.

Key words : Exhaust Emissions(¥]7] ®#1&E&%2), Marine Diesel Engine(3H4 t™Ax),
Maximum Combustion Pressure(9421%4%), Injection Timing(EAH17]),
Intake Air Pressure(F4¥71¢%), Intake Air Temperature(F943712%),
NOx("daAkshE).
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) 17.0 g/kWh when n is less than 130 rpm
45.0'n“" g/kWh when n is 130 or more but less than 2000 rpm
9.8 g/kWh when n Is 2000 rpm or more

IMO NOx Limit Curve (g/kWh)
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Fig. 1 The IMO NOx emission regulation limits
for marine diesel enginez)
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Table 1 Specification of the test diesel engines

Item Unit | A Engine | B Engine
Power/cyl.
at MCR kW 130 210
Engine speed | rpm 720 720
Number of _
cylinders 6 9
Bore mm 230 280
Stroke mm 300 320
Compression _
ratio 13.0 13.3
Max. comb.
pressure bar 130 130
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Table 2 Specification of exhaust gas analyzer Z39 W7 B2 IMO #FAZIEd A&
Meas. item| Instrument type | Meas. range 9 WE&(g/kWh)E #EAS7] dsise AH2H
NOx | CLA-150M (CLD) | 0~2000 ppm dae FAg HEE4e] o3tk Table 30
co ATA-120 (NDIR) | 0~1000 ppm T ASE AR FagLd B FMNEA%E v
CO2 AIA-120 (NDIR) | 0~10 % el 2t
Oz MPA-120 (PMD) | 0~25 %
THC | FIA-126D (HFID) |0~500 ppmC; 22 &8 &% 5 =4
IMO® NOx 71€3 ZTox= v ™4 o
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Rol A7 EYo] RFHE WA/NE AEHAL,  Table 4= D2 oA wEe SAEA 2 AEA
AxHIYHE A7 A% PmaxAelA, @ 22 Yehdth 2718 D2 $AECEE dze 3
B2EY S A% A¥ %%*741 A Hﬁﬂ AEEE 100%2 A& A HA 38 W
= @ A

Zd A4 NOx, CO, COz, O2 ¥ THCH =
Z(ppm, Volume %)°l 7}%—{ H7]§_'—éj7] ]1:}.
Table 2= £ A ALEH WZI1EA471¢ #2  Table 4 IMO test mode and weighting factors

spAIZIT

A vebdth 2EAAS FEAA, U794 Test cycle D2 CYCLE

AE ol&dte] 2A4H NOx W& ¥ tiy] & Load, % | 100 | 75 50 25 10
ot Fxo ds] By on, 1 9 A7 7 5 Speed, % | 100 | 100 | 100 | 100 | 100
9o exo ¢HE AZFHAT. Fig 28 w7 Weighting | 505 | 095 | 03 | 03 | 01
5% 242 A% SEEE verdT Tactor ' '

Table 5 Experimental conditions

Flow
R R
Hot Hose Controfler Experlmental

(1910) condition A Engine|B Engine

(191 THC Analyzer Hot Hose Laboratory
A u] - | | -
f +— 0 condition oAl - Bl
€O Analyzer (C %’Le')
S e Exhaust o, A2 . B2

back pressure up

NOx Converter

NOx Analyzer

CO, Analyzer

0, Analyzer

Charge air pressure
down

Gooler
(512}

s, A3 4, B3

Charge air temperature
up

Maximum combustion
<o - * -
pressure up AD - B5

v, A4 --

Fig. 2 Flow diagram of emission measurement

Table 3 The specification of fuel oil

Physical property Units Value °
o =z 3 o

Specific gravity @15C — 0.8296 Table 5& 4% vehd Zes NOx 7]
Viscosity @407C 2.70 7 Iz AFHUNE FHTV 2xe &
LHV kecal/kg | 10266 2 HiX7] WHEE 29 AXH 7Y w3 )
Hydrogen fmass | 1917 7l WETel s Wsle d9usE 48
Carbon %mass 86.62 MEEN T aRAE Wl 5 8o
Nitrogen %mass 0.022 NOx & AR wgel W dd<s
Sulfur %mass 0.038 FapstATE. 4 w7 &) RS X3S
Oxygen %mass - HigtS &4 EHAA AsAAL(o,e) FY F
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Fig. 6 NOx emission characteristics

Fig. 6(a)& NOx9 HWE54L AHFE=E
gt

e AR F AN BT R8sk F7ha
g MEERst Frles AN BEE 4 9
3. 499 7 o B2 B A8 A9} A
08 ¥& ¥E ¢ Ushiy gom, % A0
A 53 Z7te) e WEFEY FHES b
S Ae BAY & Atk oYW ARE Fig. 7
o e el o] 3 ZAolN 277
Bo gadte, E¥ JHHOT AR gol ¥

Aol Axd Wie] FRAHOE BET T
ERSE g

€ 45 =

17 A Engine B Engine
—{— -- & -- Lab. Cendition
—O— -- @ -Exh, Back Pressure Up
16k —0O— - &-- Charge air Press. Down
—— Charge air Temp. Up
- - Max. Combustion Press. Up
= 15
|
i
<
°
sl
S
13 -
12 |
1 2 1 \
0 4 8 12 16 20
Brake Mean Effective Pressure, bar
(a) Volume concentration
A Engine B Engine
4000 - —O— --@--Lab. Condition
—O— - @ - Exh. Back Pressure Up
—O— - A&-- Charge air Press. Down
= 3200 —— Charge air Temp. Up
ES —O— - - #-- Max. Combustion Press. Up
o
=
2400
=}
o
=
E
a 1600 |-
17}
800 |-
i s 1 I
0 4 8 12 16 20

Brake Mean Effective Pressure, bar
(b) Corrected specific emission

Fig. 7 O, emission characteristics

T3 7 AEHSo tigt NOxd #l&F=g
2L 5 Jed dLATLGe] FHY A5
o)

Q
Q
j]
joN
Y=
=]
2
4 1o
ox
= ‘io
[
2

ES 4
(thermal NOx)¢ A4< &7 Rotp?¥,
olglgt 9 4

3% wE YUz §
g 3RS ASE 449 A2l YReE

(462)



£ 7eUE fA5e NOxe MESErt 271 A4 UE 2de TeAHE 44T F UEE
9 Holgt AWy 4 low, 7EEA(Lab. sl AgHom B %o NOx7t MizH:E A
Condition)® Z$HT AT 17% AL 27tk o2 ARdD 187 MG 274 ASelA
Ath? . F9T7ILE S 242N ASE MEF £ NOx Wigs: 23e iz 71&22d%
w7 A, BARGIA 7Exze) A9HT o 8%, A L= ABRE YIS ¢ 4 ok
12% Ax =7tehe AL B3 & % gk ol:
HFRAG YT/ BN S ALESE A
A AEFE B LR FYRISo] NEEAY
AR AUAoR A FUH] A2A YR £
z
Z2AL TSAHE AAT F A= s WEE %
w7 2748 A0 AREN. 10 axw e 2
JHNALS ASE NOx wWas=el 2 Hojg i
HolA 8 3k AL ¥ T+ AY s,
NOxel MZ3e AQEsoly dFg2 88
H9e Aol ARsmAaste vE A 7) 1l
2717 A e AL #AF F Qe ok MR R LT e
. ] ol (e
i-o: o‘g;ij; —;'—6;%%?2&&0‘?;12_;}2;1?2; Fig. 8 NOx cycle value at each test condition
F ez AEEE ol A Wl £471R Fig. 8& A, BAZd t& 2+ A¥ZANA
44 S44% T=(ppm) FHAUE BALMEE yoro WEe 44)9) AolZ WEeE AN
(g/kWh)9 &7+& g3 Adsixi s dd= ste] vbebd Aotk A B BT ALY
A ofmsts Reld gol 27199 AS(A-5, B-5)ol 71ExA)
ZF AR th3t APTHNA BAANE A Aert 747+ 1.17 g/kWh, 1.42 g/kWh =7}
AA ALFIAHE =9 AL FYT7Y & 9T, e ANzAd vE A2y e o
g EE At NOxo #MlEa $ERZE go] NOx WEd A 9EL AXE AS 39
JEIRS A9 BYa 2 MEES U gag
W glow 71F249 ARt A BAKA
20%. 19%4% o WE=E 202 e, 1 47 =
HY EYF IS wEe ASE 23y )
RS KA B @ HEWD A e 4gm: 20e 49y 9y gRARE
clEd A RUTTIGHE WEAS BF F oy spejz(ge ez edsd NOx9 W
e F71HFY ZAZ wEFIs 7H2e AU 2EXRS 2AegTH
A el FaHY vdels AAE Fig. 74 vE w3 w7 GEd Ty Ty g8, EY 27
W ALY Wi EEA Ao #EE £ Ak F ex ALHTYH] WIS Fo] 7 AWLHA
#3537 2=E EAE A MEFEAAN et g Walel NOx @Ae] mx= 93 2AsS
Assk ol wA dEhbe AL BFE F AT gag pe Ase wgd
HIE2AS AREG 5 16%HRE FEWE py Ao NOxS) WEFE(ppm)S F
wE HolL AT olAE AWASE TV qno e Ave zddd FRe 2AAAE
ERE FYOM SRt Fhs ARAR gag s} Fe 2RAAE FAF
FUAT F7Il S AL AL ADA D o) pasiel, B8 (g/kWh) S Parzel A

(463)



glol 7 Z7ol A7 Yervet
o QxaARel o 2 B%XJ-J
FENTE]
o A e

FUBgE B a}m ghe o)

N
]
2}
N
>
gy
(o
fil
X r
N
A
e, ol
i
=
g =
> oM
u:'r’
)
o e
ox
o>

+ A
o #ZA vhehue A Nstet v F F
dARe] FAEA Vel F91F7 HEE Ah
ANZ Ae T Az glolA =
PF71EY dalied, A
= & H3E ‘/}E‘r‘vﬂx] %E

e

11 IMO, “Consideration and adoption of
the protocol of 1977 to amend the
the
prevention of pollution from ships,
1973, as modified by the protocol of
1978,” MP/CONF. 3/34, 1997.
IMO, "The Technical Code on Control
of Emission of Nitrogen Oxides from
Marine Diesel Engines,” MP/CONF.
3/35, 1997.
HEYWOOD, J. B.,
Engine Fundamental,”
pp. 491~566, 1988.

international convention for

{2l

"Internal Combustion
McGraw-Hill,

(3]

(4]

(5]

(6]

(7

[8]

(91

[10]

(464)

it - AR - A5

T. Tsukamoto, K. Ohe,
"Effect of Intake
NOx
Marine  Diesel  Engine,”
Yokohama, pp.76-79, 1995.
H. KUSHIYAMA, &S.
Araki,
Deviation Depend on Conditions,”
ISME Yokohama, pp.389-393, 1995.
O. Schnohr, P. Frederiksen, "NOx
Optimizing of Auxiliary Engines.”
21st CIMAC Congress., Paper D64,
1995.

H. Kondoh, T. Kawano, K. Masuda,
"Influences of Fluctuation Factors on

H. Okada,
Air Condition on

Two-stroke
ISME,

Emission  from

Yanase, K.
"Study of Engine Performance

NOx Emission From Medium Speed
Diesel Engine.,”  22nd CIMAC
Congress, pp. 803~812, 1999.

O. Nishida, H. Fujita and W. Harano,

"Actual Exhaust of NOx, SOx &
Dusts from Training Ship Fukae-
marus ,” Journal of the Marine

Engineering Society in Japan, Vol.32,
No.12, pp.915-922, 1997.

Stephen R. Turns,
to Combustion: Concepts and
Applications,” 2nd ed., McGraw-Hill,
pp. 168~171, 2000.

S. K. Woo, K. S. Yoom, Y. H. Yoon,
"A Study on  the
Characteristics of NOx
Journal of the Korean

“An Introduction

Emission
in Medium
Speed Engine.”
Society of Marine Engineers, Vol.24,
No.4, pp.526-534, 2000.



SHE (RER)
1947:4 584, 197501 RCHStT
JIABER By, 19779 SUHEY
Z|AIZ et EA(MAD, 1986 Y=
Sd3gie JASs EGH

[ =R
AB, BA BACET | HBEE D
+ets| ZAlslg

Ao (fEH)

19484 324, 1990 F&oistn F
LI A St £, 19924 SCHEH
HUT|IASS Z(MAD, 19984
S FUTIAS= 2ty
&, 19929 ~3x FAEAL STX

Zlgvhud =25, gba chlEd

(465)

2540 B3 A7 7

e (&FRK)

1973 9B M, 20000 FHEtE 7|
HBBDE EU(SHAN, 2000 ~ FH A
Potchstm 7| A2kt chatel K3t

Forarsl syse

FHEE (2HRIB)

1962 109 M, 1985 SMoistw
JIASER &Y, 1987 ok
JIAZET EA(MAD, 1944 Sof
el J|AIS st E(2kAD, 1995
14 ~1906d HAH| Lo} FEich FX
S ME!  Post/Doc, 19966 ~
2002 Satistm J{AZ e Fel
SEMfetm | HBER JIAHI|IEHT

Buls



