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Abstract

According to the NOx regulations of annex VI to IMO MARPOL 73/78, all diesel
engines with a power output of more than 130 kW should be delivered so as to comply
with the IMO speed dependent NOx limit. It is inevitable to adopt this regulations for
marine engines. Therefore, most of diesel engines which are being currently built should
be designed and tested in accordance with the NOx technical code. In this study, NOx
concentrations of 4 type engines were measured with portable NOx measuring system
recommended by ISO-8178.

As the results, NOx concentrations of each engine by variation of engine speed and
engine load were visualized. Also, these results can be utilized for the basic design and
developement of diesel engine for NOx reduction.
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@ Intake Manifold @ Exhaust manifold
® Probe ® NOx & O 2 Analyzer
@ Print out ® Amplifier
® A/D Convertor & Note book or PC
T Printer

@ Bottle of standard NO gas({for calibration)

Fig. 1 Schematic diagram of testing apparatus.
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Table 1 Test cycles and weighting factors to be

applied.
Test Items -
cycle
Speed(%) | 100| 100|100 | 100
Constant
B9 speed main
1 Power(%) | 100| 75 | 50 | 25 | propulsion
Mode .
engine
L (VPP)
Weighting| o 51 4 5 10.15/0.15
Factor
Speed(%) | 100| 91 | 80 | 63 Propeller
law
2| B3 ) power#) | 100] 75 | 50 | 25 | OPerated
Mode main
engine
Weighting 021051015015 (FPP)
Factor
3) NOx & 02 £47]
B o iE £33 dudiel NOx 5=
we AR 23] Astel 1SO81T8 VL
53 o]F4 NOx & O Analyzer (EXSA-

240C) 4R E AHEslR e,
2o
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Table 2 Specification of portable NOx & O, analyzer.

ltems Specification Remarks
1 Principle NOx : Hot CLD
P O2 © Galvanic cell
9 Measuring | NOx @ 0~2,500 ppm
range O :0~25%
3 Operating 5~ 45 C
temperature
4 Pesipnci‘ralse Tyo, 30 sec
51 Lincarity | NOX ' F2%FS
Y Op: +2%FS
6 Noise +1%FS
7 | Repeatability + 0.5 % FS
Less than 3% of NOx
8 | Interference reading by 10% COq
9 Calibration | Can by NO standard
gas gas (1¢. 7 atoms)
10 Dlm?ml;s)ms 300 x 311 x 200 | W.H.D
11 Weight, Approx. 11 ke/24 1b
Analog _
12 output 0~1VFS
13 Power 250 VA
consumption| (incl. Heated Line)
14 Powe 100~240 V AC+10%
wer 50/60 Hz+5%
15 Maker HORIBA
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(a) Measuring point of the testing engine
in the laboratory
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(b) Measuring point of the main engine for
training ship

[c-1) Diesel engine of fishing vessel

(c-2) Measuring point of the diesel engine
for fishing vessel
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{d-1) Measuring point of gas turbine
engine for steam power generation

(d-2) Chimney of steam power generation

Fig. 2 Photographs of 4 type engines for
measurement.
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Table 3 Specification of the testing engine in the

laboratory.
Items Specification
1 Engine Model 3D100
. 3-Cylinder 4-Stroke
2 Engine type Diesel Engine

3 Max. Output 47/2.600(PS/RPM)
4|  Bore x Stroke 100 x 110 (mm)
5 Compress. Ratio 17.6

6 Swept Volume 864 (cc)

| 7 Injection Timing | BTDC 17 £ 1°

8 |Fuel consumption rate| Max. 175 (g/ps - h)

2500
2000 i Load
NOx 1500 | 0D0%
Conc;;:;atwon 1000- \ M25%
c00 ld: 050%
095%
0 Lo

1200 1600 2000 2400 2600
Engine Speed

Fig. 3 Results of NOx concentration for the
testing engine.
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Table 4 Specification of the main engine for
training ship.

] ltems

1 | Engine Model

Specification
8526MC
2-Stroke, 8-Cylinders Single
Acting, Crosshead Type, T/C
Diesel Engine
- MCR : 3.970BHP at 250rpm

2 | Engine type
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Fig. 4 NOx concentration of the main engine for

training ship.
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Fig. 5 NOx concentration of the main engine.

pressure

3 | Engine Rating | oop". 3 573RHP at, 241 4rpm
4 | Bore x Stroke 260 x 980 (mm)
5 | Swept Volume 52,005 (cc)
6 | MEP at MCR 16.8 bar
Mean Piston
7 speed at MCR 8.17 m/sec
8 Max. Cylinder 170 bar

(377)
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Fig. 6 O; concentration of the main engine.
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Table 5 Specification of the main engine for a
fishing vessel.

Specification
8M26SR
Diesel Engine, 4-Stroke,
Direct Injection, 8 in

[tems
1 | Engine Model

2|1 Engine type

VeeCylinders, Crosshead
Type. TCI
3 | Max. output 600/1.800 (PS/rpm)
4 | Bore x Stroke 150 x 150 (mm)
5 | Swept, Volume 21,195 (cc)
6 Idle speed 650 rpm
7 Comprgssion 14/1
ratio

Table 6 Test results of NOx concentration for the
main engine.

Load (%)
Remarks
100 75 | 50 | 25
100 652 | 540 | 464 | 377
E2, E3| E2 | E2 | E2
Speed 91 704 E3 _ _ E2 & E3
(%) Mode
80 817 - E3 -
63 890 - - E3
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Table 7 Test results of NOx concentration for gas
turbine engine.

Standard 100 % 90 %
Remarks
gas load load
111,796 ppm| 176 ppm -
100 %
2 | 875 ppm | 132 ppm speed
311,910 ppm| 160 ppm | 145 ppm

Table 8 Specification of gas turbine engine for
steam power generation.

Items Specification
Engine . .
1 Model CGas turbine engine(501D5)
2 | Engine type 4 stage reaction
3 | Raeted rpm 3,600rpm
4 Power 104,000 (MW)
5|  [Inlet 14 (kg/cm®)
pressure
6 Inlet 1,182 (C)
temperature
7 Exhau?@ gas 509 (C)
temperature
8 Governor Electro-hydraulic governor
type control
9| Used fuel LSWR
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