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Prediction of NOx emission for marine diesel engines of existing ship
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Abstract: Monitoring systems of informations for ship performance have become important gradually for eco-
nomical management of existing ship. Monitoring of NOx emission from marine diesel engines is one of
them. The measurement of NOx emission, however has been many difficulties due to technical and costly
problems. A monitoring by prediction method of NOx on-board ship according to sailing condition of ship
could be an useful method. In this paper, it is discussed about modified method of one-zone model which
has been utilized usually for analyzing the combustion process. The modified method is able to calculate the
temperature of burned region from the result by one-zone model. Influences which excess air ratio during
combustion process affected for the gas temperature and NOx emission were investigated. From the results
variation of excess air ratio during combustion process could be estimated inversely through the comparison
with measurement of NOx emission.

Keywords: Existing ship, Marine Diesel Engine, NOx monitoring on-board Ship, Prediction of NOx emission,
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Table 1: Specification of test engine

Item Specification
Engine type 6L42MC/ME
Number of cylinder 6
Bore x Stroke 420 mm % 1,360 mm
M.C.R. 8,123 BHP / 176rpm
N.CR. 6,908 BHP / 167rpm

1° BTDC

F.O. injection timing
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Figure 1: Variation of measured pressure in cylin-

der according to each rpm
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Table 2: Mean values of NO & NO2 concentration

measured according to engine speed.

120 150 160 167
rpm pm pm pm
NO
1,064 947 935 965
(ppm)
NO2
31 20 19 23
(ppm)
02
15.3 154 15.1 15.2
(%)
— 1100
&
& 1,050 '\
8
E 1,000
2
E 950 H,__{/.
(o]
= 900
100 120 140 160 180

Engine speed [rpm]

Figure 2: Measured results of NO Concentration ac-

cording to engine speed.
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Figure 3: Variation of ROHR with each rpm
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Figure 4: Comparison of cylinder pressure between

calculation and measurement at 167 rpm.

Table 3: ROHR data for diesel engine used fuel
Bunker-A

120 | 150 | 160 | 167 | Remark
6, | 3617 | 3620 | 3615 | 3624 | Swr

iming.
6, | 3617 | 3620 | 3615 | 362.4 ﬁsntﬁgg
6, | 110 | 15 18 20 | Comb

Comb.
00| 260 | 35 39 40 | oomb
m,| 22 | 22 | 22 | 22 | Somb
my| 14 14 14 1.4 Comb.
F, | 035 | 035 | 035 | 035 | Somb.
Fy| 065 | 065 | 065 | o065 | Somb.
subscript p : premixed combustion
subscript d : diffusive combustion
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Table 4: Comparison of calculation results of NO

concentration according to excess air ratio at 150rpm.

ol o duE TG T T A HNT G P B G r oMgy T g w B A
%ﬂo%%n«M@%%%%%H%%@Euo o A BEE T w ooy T
FaglaTyzoealolEcT Ee el gL Fywel
DR S gl R e T N EL 2B g g
Wyiﬂwr.@wﬂ%z%@% W e [ oF T Th i g
EREZer g xR Em P ey HoEBTTEE R P R
e T BB ZLE EEE N FR Tk Sfve BOER
I do % o N = = T o — "o B :
— N wN ©° e O H T ) N 0 J- = oo Ko
. ntRETgRIETOELy  WeldrrlerEiosg)
) — — —_— o o = T o 0 N

ey oo W T T E 9 g Tl M do A e A o ok W = Gh A
TSRS T - AT e L G B HICHE o T
;ﬂmpm%iMﬂﬁurweﬁﬂwﬂmﬁme%ﬁmaﬂdw Smﬂﬂﬂuﬂﬁﬂ%wﬁmﬂzﬂ mwmml
TPl AR s Mg PP el ® o TEE TR G Wk
R R N el ) REE L T T 8T ¢
Boe TR BT LPITTATRET DS oMW T oo T B
A - KRR A X 0w W T R ooh gy w7 T e o KT X gy W2 B ok
%o o PUaTFohdszr «p oK W T 2o B E =
pEPE R EE S CF SR pRENTTE TR 2
TNy MR- F E X &gy TE DNk g 2N
T TR aom i T 4w ol moer o o T T TREREP T IA G N
I PRERITTFET RN P E DT o oo R T e Z W ]
2 2 o =2 M AR W T A TR o
0 R 8|alx = B © .A/...HATmMoﬂE,_ﬁaiqq Eaﬁaeﬁ
Z g3 |2|8|8 £z & = B o T Aol s 4 e
[ P ° EE‘DI7 Nztﬂ%nﬂﬂAT ﬁaﬂﬂl
® O = .o No - T & }iﬂ
oclo|lo|o ° 2 . & < o) - O o 3 S

< 1glsislS “F D o R R o o = o
A A A B - E & £ N <o WS ) R g
o - 2 2 .ﬂ‘_JlronMo‘mO\mOmm o= RO
<l8/8|5|8|2 34 pxIxf¥wmosm® Moaw
=== - e o F Llﬂﬂm.ml N,77Lt LllL_li
.. Mrmm memLaﬂ_OIMﬂ‘uAIEOEOM ﬂE B
2l _| B B S X Ny e TR
o Bl X |&lT = uw § @ O iy Nr X
Z 8§33 8|92 g 2 8 BN L ERR L o F
R Ww — Wm MﬁﬁlﬁoﬂAsqaﬂoﬂa xegmﬂ
£e e wI®mRp £
el 2l S w XY R0 A Nl (X
A g - f TLNEFEEwmr A
N i i 2" 8 £ %iAW%%@W%WS%%
.lgelgslelsg o ~ a i mcm ERH%IMO oﬂaA]JElidﬂmaLtm
DENIEE I IR OJ1RY 4|y 55993 Wa 3 =] W o op o T om oo W T
e < WA SZzRREATIDER FT

679

HAl vebstt

1](—)]—0—

6. 0 o
E=uy

F(2014. 7)

k=)
gl

1A 6

L EREERERE e

3

_(y)_]
VERIAL gl "AA o2 a0l A Bk 2 3k

=
=

1) 31
ol d Yol g et A 38



@) FAGdgarae Ao geustE
Al AR} FASA A 22 AR
A€ NO, wiEFS A5 4 7] el 24l
A8l F83 o e

@) AN Adude] 4ES setst
FARLAIGRLE ol gsto] 0 HI

2153
[1] K. Takasaki, H. Tajima, K. Okazaki, D.

and S.

background of some measures to reduce NOx

Yamanish, Kawauchi, “Theoretical

emission from marine diesel  engines”,
International Symposium of Marine Engineering,
2009.

[2] Collin R.
Engines -
Wiley & Sons, pp. 108-133, 1986.

[3] B. Y. Bae, J. G. Nam, and J. S. Choi, “A

study on the calculation of NO formation in

Combustion
Jhon

Ferguson, Internal

Applied Thermosciences,

cylinder for diesel engines”, Journal of the
Korean Society of Marine Engineering, vol.
23, no. 4, pp. 543-551, 1999 (in Korean).

[4] John B. Combustion
Engine McGraw Book
Company, pp. 753-762, 1998.

[5] J. S, Choi, C. H. Jeong, K. H. Cho, J. K.
Lee, T. B. Ha, and H. S. Kim, “Development

of simulation program program of two-stroke

Heywood, Internal

Fundamenta,

marine diesel engines”, Journal of the Korean
Society of Marine Engineering, vol. 34, no. 1,
pp. 62-68, 2010.

[6] S. J. Jeong, T. H. Kim, and H. S. Jang, “The
prediction of performance in two-stroke large
marine  diesel

engine using double-wiebe

skt d A Yol P a3 A Al 38 Al 65(2014. 7)

combustion model”, Journal of the Korean
Society of Marine Engineering, vol. 23, no. 5,
pp. 638-640, 1999 (in Korean).

M. Ishida,

Yamaguchi,

H. Ueki, M.
“Diesel

dombustion analysis by two-zone model (Ist

N. Matsumura,
and Gui-feng Luo,

report, comparison between model analysis
and experiment)”, Transaction of the Japan
Society of Mechanical Engineers, vol. 60, no.
573, pp. 325, 1994 (in Japanese).

M. Ishida, N. Matsumura, H. Ueki, and Zhi-li
Chen,

two-zone model (2nd report, examination of

“Diesel combustion analysis by
excess air ratio in burned zone)”, Transaction
of the Japan Society of Mechanical Engineers,
vol. 60, no. 575, pp. 356, 1994 (in Japanese).
S. W. Kim, A Study on Prediction of NOx
Emission from Marine Main Diesel Engine
for Existing Ship, M.S. Theses, Depart. of
Marine System Engineering, Korea Maritime
and Ocean 2011  (in

University, Korea,

Korean).

680



	선박용 디젤엔진의 NOx배출량 예측방법에 관한 연구
	요약
	Abstract
	1. 서론
	2. 디젤주기관의 성능계측결과 및 고찰
	3. 단일영역모델의 수정
	4. NOx 생성량 예측
	5. 결론
	참고문헌


