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The Reduction Methods of NOx Emissison
onT. S. KOYO-MARU

Tomoaki Kirihata, Mikio Yasunari, Sumio Hikasa,
and Kazuyuki Maeda

To clarify the characteristics and reduction methods of NOx emission on ships, ship’s
speed (knot), NOx emission (ppm), relative smoke density (%), engine output (kW), fuel oil
consumption (kg/h) and indicator diagrams were examined by using a 1990GT/2795kW ship
equipped with CPP, and then the relationship between engine load and NOx emission (kg/hJ,
the effect of fuel injection timing retard and the effect of increasing wave making resistance
were discussed. The results obtained from the examinations are as follows: (1) The relation-
ship between engine load (%) and NOx emission (kg/h) can be shown as follows: NOx
emission =—0.889 X 107 3(L2)+0.377(L)—0.928. (2) NOx emission reduced 30% with 3 deg
CA fuel injection timing delay from normal timing and 50% with 6 deg. CA delay at 215 rpm.
(3) Optimum crank angle of fuel injection timing retard on experimental ship is 3 deg CA.

(4) On sailing with constant propeller revolution and CPP angle, the ship’s speed decreases and
NOx emission grows up due to the increasing wave making resistance. The quantity of NOx
emission per nautical mile increases 17% per 1 knot down.
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Table 1 Principal specifications of experimental ship. _

Length (overall) 8l.4m
Breadth 13.00 m
Depth 8.40 m
Gross Tonnage 1990.17 ton
Trial Speed 15.67 knot
Main Engine
Type 6UET 45/75C
Output 2795 kW (3800 PS)
Engine Speed 230 rpm
Pme 1.02 MPa
Bore 450 mm
Stroke 750 mm
Date of Delivery June 7, 1978

Sampling Probe
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® Exhaust Gas Analizer

® Main Engine

® Controllable Pitch Propeller
® Doppler Log

Fig. 1 Schematic diagram of exerimental apparatus.
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Table 2 Fuel properties.

Density (15C) kg/m® 858.7
Kinematic Viscosity
(50C) mm%/S 2.61

Flash Point T 72

C 85.5
Constitutent wt % H 13.2

S 0.58
Residual Carbon wt % 0.64
Lower Calorific Value

kJ/kg 42383
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Fig. 2 Relationship between engine load and NOx
emission (kg/h).
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~ Fig. 3 P-¢ diagram and heat release rate at each
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Fig. 4 Change in 0213%NO0x (ppm) with timing
retard.
Notes O : Normal timing
@ : Retarded 3 deg CA
® : Retarded 6 deg CA
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Fig. 5 Change in NOx emission (g/kW-h) with

timing retard.
Note. Symboles are shown in Fig. 4.
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Fig. 6 Change in NOx emission (kg/ hj with timing
retard.
Note. Symboles are shown in Fig. 4.
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Fig. 7 Change in SFC with timing retard.
Note. Symboles are shown in Fig. 4.
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Fig. 8 Change in exhaust gas temp with timing
retard.
Note. Symboles are shown in Fig. 4.
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Fig. 9 Change in relative smoke density with
timing retard.
Note. Symboles are shown in Fig. 4.
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Fig. 10 P-0 diagram and heat release rate at each
fuel injection timing.
Notes —— Normal timing
—-—Retarded 3 deg CA
----- Retarded 6 deg CA
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Fig. 12 Relationship between engine load and ship’s
speed.
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Fig. 13 Relationship between ship’s speed and NOx
emission (kg/h).
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Fig. 14 Relationship between ship’s speed and NOx
emission (kg/nautical mile).
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