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Analysis of Exhaust Gas Characteristics according to the
Load of the 2.4 MW Class 4-stroke Main Engine
(Focusing on the Fishing Training Ship of the SAEBADA)
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Abstract : The engines used as the main engine of a ship vary depending on the fuel, size and output.
Most of the ships are currently using internal combustion engines. This study examined the exhaust gas
and air pollutants emitted by SAEBADA, the fishing training ship of Gyeongsang National University. It
has a 2,427 kW main engine of Nigatta Engineering that uses marine gas oil (MGO) as fuel oil. It was
measured in real time for each load. According to this measurement results, the engine of the ship is
operated at an optimal load to reduce the emission concentration of air pollutants in the exhaust gas. For
two days from May 13th to May 14th, 2020, a real ship emission gas measurement test was conducted
on SAEBADA, the fishing training ship of Gyeongsang National University while operating the ship in
four modes that were mainly composed of changes in output. The gas phase materials, particulate
materials, exhaust temperature, etc., were measured. As a result of the test, the nitrogen oxide (NOx)
emission of SAEBADA was Tier II level. It was found that when marine gas oil (MGO) emitted
relatively less air pollutants than heavy fuel oil (HFO). In addition, it was found that the nitrogen oxide
(NOx) emission in the high-load region was relatively less than in the low-load region regardless of the
oil type and the aging of the engine. This may be due to the combustion state. Therefore, we intend to
operate SAEBADA in an efficient and eco-friendly with the results of these real ship experiments.

Key Words : Internal combution engines, Air pollutants, Exhaust gas, Nitrogen oxide (NOx), Marine gas
oil (MGO)
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Table 1 Specification of Main Engine for T/S
SAEBADA
Engine Manufacturer Nigata Engineering
Engine model 6L34HX
Model Year 2000

Engine type

4 stoke, Pressure
charged, Water cooling
type for air cooler

- Yoz

E3 z71<9 2471 kW, 600 rpme] ofd
1,221 kW, A ASF 460 ripme 7]Fo2 2
Age F3HL, AE Ad5E= MDOS HFO

AHgsklt

=
=

=
=
=
o
=
=

Table 3 Test Condition of Exhaust Gas Emission of

Main Engine

Cylinder number 6, In-line Engine test cycle E2
Displacement (cc) 40,857 Rated speed (rpm) 460
Combustion chamber type Open chamber (kWFiiikp 2}:\; efi end) 1221
Bore x Stroke (mm) 340%450 Applicable NOx regulation limit
/KWh 13.2
Rated Max, Power (kW) 2471 @ 600 (e ) Diosel ol
Rated speed (rpm ? 1esel o1,
@ 1% (rpm) Fuel type Heavy fuel oil
Compression ratio 13.3
Valve port size (mm) and EV: 115 x2, IV: 120 L
number X2 Table 4 Result of Exhaust Gas Emission Test of
Inlet valve timing (deg. CA) Closure after BDC Main Engine
Fuel injection timing (deg. 3-18 E2 Mode 1 2 3 4
CA, BIDO) Power (%) 1221 915.75 | 610.5 | 305.25
Injector valve opening N
pressure (MPa) 34.5+1.0 Speed (%) 460 460 460 460
Fuel flow rate
(ke/h) 239.4 184.3 128.1 72.2
Table 2 Result of Engine Power for Main Engine Alr flow rate (kg/h) | 7956.5 | 64906 | 5362.1 | 4199.1
Exhaust gas flow
Load e (he/h) 81959 | 6675 | 54902 | 4271.4
ratio | 25 | 50 75 | 8 | 100 | 110 Exhaust gas
(%) emperature (C) | 460 | 420 | 370 | 285
Power NOxdconcentratlon, 998 991 902 464
output | 618 | 1236 | 1853 | 2100 | 2471 | 2718 ry (ppm)_
(kW) CO concentration, | 3761 | 1836 | 624 | 1145
o dry (ppm)
ngine CO; concentration,
speed | 378 | 476 | 545 | 568 | 600 | 619 dry (%) 6.2 1 617 | 517 | 3.69
m -
(pm) N(zgﬂf{@;gﬁc 102 | 113 | 129 | 105
Torque
(kl\?m) 156 | 248 | 325 |353 | 393 | 419 NOx emission value il
(g/kWh) ’
Exhaust
835 | 071 | 328 | 340 | 344 | 339 | 346 .
temp. Table 5 Tier Level of NOx
© Total weighted cycle emission
Fuel . . limit (g/kWh)
HFO | HFO | HFO | HFO | HFO | HFO . |Ship construction| _ _ s
type Tier date on or after| "_ cngine’s rallt;g speed (rpm)
n= B
n < 130 1999 n > 2000
Table 32 AHlTh s Hx= dAx Al AAG W& I |1 January 2000 | 17.0 45.n-0.2 9.8
72 = A" Aotk HlEVEA A= AY B I |1 January 2011 14.4 44.n-0.23 7.7
e B2 REE AESIgoH, F7] Ao Hu I |1 January 2016 34 9.n-0.2 2.0
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Table 6 Bunker Deliver Receipt of T/S SAEBADA

API Gravity @ 60/60°F 39-40.7
Density g/em® @ 15T 0.822-0.834
Acidity Total mgKOH/g 0.40 Max
Ash mass wt% 0.02 Max
Specificati- Romsl?ottom Carbon, 10% 015 Max
on residue mass% wt%
CAL. Cetane Index(D4737) | 48.0 Min
Viscos. Kin, @40C mm?*S 1.9-5.5
Flash PoinC 45-67
Sulfur wt (ppm) 3.6-6

2.2.2 H7]7tA 247
B AFA wWZ7k2 W COo, CO, NOx

2 0,
7] g8l W HEAom 24 A

s 33 o]
E3L gl do] 7P % ks AHA uoqg
2 HrtEa Je HHd ~HERE 0|83 H

B4 9] 4 -4 M (Non-Dispersive  Infrared ~ Gas

Analysis Method)< 2835 2™, NOx2} 0, &%
£ H3 AAANAE o] &T HASEE AAH
(Electrochemical Sensor Method, EcSM)E- A}-8-3} %
o %% 7h2s #4982 MRUAF NOVA prime®]
F82 AYLE Table 77 T}
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Table 7 Specifications of Exhaust Gas Analyzer

Method
Measure- Resol-
measure Range . Accuracy
ment gas ution
ment
0, - 0...25.00% | 0.01% 0.2%
+15ppm
CcO NDIR |0...3,000ppm | 1ppm or 5% reading
o o +0.3%
CO, NDIR 0...40% 0.01% or 2% reading
+20ppm
CH, NDIR |0...3,000ppm | 1ppm or 2% reading
+5ppm
NO EcSM [0...5,000ppm | 1ppm or 5% reading
+5ppm
NO, EcSM |0...1,000ppm | 1ppm or 5% reading
2.2.3 X 2 FF A
B ARAE dAE =2 WiEEFE SH5]

3l AVLAFS] Smoke Meter 415SE<} Opacimeter
& A83}9Th Smoke Meter 415SEE Filter Paper
MethodE& Ab&3te] A7 ARloA HiE=H &=
A2 EZ & Filter Smoke Number(FSN) 2 Soot
Ao P2 A3t AXE Filter Papere] ¢
A B Y AF dAE Aol SAH S
Opacimeter= T A2 vjE7} 22| OpacityS &
% SA8Y F de FHE wEvtrr 3L
Receiver A0]E AYrl= 54 S == 3 &4
20 2 HE Opacity, N(%)¥ Absorption Coefficient,
k(m")< 0.1 sec?] Rise Timel 2 =& 4 U}
7 JdAE EE 24 AAY Fa AL A7
Table 8, Table 99} 2T}

Table 8 Specifications of Smoke Meter 415SE

Measurement

principle Filter paper blackening

Measured value FSN (Filter Smoke Number),

output mg/m® (soot concentration)
Measurement 0 to 10 FSN
range

Detection limit 0.002 FSN or 0.02 mg/m?

Standard deviation
lo < £ (0.005 FSN + 3%
@ 10 seconds intake time)

Repeatability




mEA - 3
Table 9 Specifications of Opacimeter
Measurement Opacity, N [%] or
value output Absorption coefficient, k [m™]
Measurement |\ _ ) ......100% or k = 0 -+---10 m’
range
Measurement 0.01% opacity or 0.0025 m’
value resolution (10 s mean value)
Zero stability {0.1% or 0.0025 m™} for 30 min
Response time 0.1s
Sampling rate
for opacity 50 Hz
signal
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Table 10 Condition of Operation Test for T/S E Table 109 A A7 TL3A A3

SAEBADA stgout 73 AelR st AuitadAE

rower | Spead | Operation | Messwement | BAA 2 @4 Brb5T] el Axl 54

interval duration g4l F718 dx 2Ye J1EoR st oy A

L R i min dhol 44 AW Shgich A% L Table 10

mode 1 120631 0 | 19 > s gol WASEA 7 Y T vhAY 3R

mode? | 147 1 0 | 19 > g 2R Qe A A dHolHY Frge
i fm ] o b s en

A EHL Table 100 U= HZFS & FF

stgout 73 Alete] Al 4 A FAGE &
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Yol AR v 3 e HIHE B ) gl g Bk A ¢ 5 AN
stel shd A gEedel WZks SHROR gy se o wogm AgaA O Al Au
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o= x] =at A} )
3.3 Hi7|Trol = HHSE Hed Table 11 Result of Operating for T/S SAEBADA
AxelNe) Am sl B FAGE, WG
Uni mode | mode | mode mode
S Auk Wi 9 A el BAZ <) A e | LTS T
QA FHo] o] FARR Ut th4l Table 49 A Power kW | 2,063 | 1,547 | 1,031 | 516
3L 3L o] =2 3 aF
A AFH A dg AREES ix—]s‘—_} ko3 o)
dd AR A9 o= e _r‘ IMO®] Torque kNm 90 79 56 28
NOx Technical Code®] o} = g4 HPH'NS R
oom
Zg3to w7 EE MEHFS ALt Temperat T 29 29 29 29
ure
= - Ambient
4_ }él?:-ll ;Ed-J_I-I' al _Tl_?_é!- Pressure kPa 101.3 101.3 101.3 101.3
Relative o
41 HH?'?I‘ﬁ §X°-| 7E:|1|_ Humidity % 29.0 30.0 30.0 30.0
4.1.1 B717kA ¥ HI7IFSHER 55 S5 HI preoure | kefem® [ 12| 09 | 05 | o
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Table 13 Result Measurement of Exhaust Gas

Temperature and Particulate Matter Emission

Opacity | FSN | g e
Unit % - T

mode 1 1.838 0.174 437.8

mode 2 2.337 0.215 460.8

mode 3 2.365 0.210 474.9

mode 4 2.003 0.152 405.9
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Table 14 Result of Exhaust Flow Rate and
Emissions
Unit mode 1 |mode 2| mode 3 |{mode 4
Fuel low | yom | 39573 {30203 | 21437 | 11061
Exhaust
gas flow kg/h 13,241 9,753 6,729 | 4,401
rate
NO g/kWh 7.7 7.59 8.06 10.58
NO2 g/kWh 0.22 0.19 0.19 0.26
NOx g/kWh 7.96 7.83 8.29 10.89
CcO g/kWh 1.24 1.7 2.1 0.63
Smoke g/kWh 0.012 0.015 0.014 | 0.014
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