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Characteristics of Exhaust Gas and Combustion on the Intake Condition and the Various
Fuels in a Marine Diesel Engine

Satoshi NAKAZIMA"  Takamitsu YOSHIMOTO™

ABSTRACT

The diesel engine has the high thermal efficiency and can be powered by the various fuels. However diesel, the
contents of exhaust gas from diesel engine (Soot dust, NOy, SOy and other toxic substances) cause to the air pollution.
The objectives of this study is to investigate experimentally the influence on combustion in the diesel engine by
mixing various gas (N,, CO,, CH, and such low-calorie gas as renewable biofuels) and using various fuel (Light oil,
Heavy oil). The thermal efficiency, the fuel consumption rate, the species of chemical concentrations and the pressure
in the cylinder are measured. The results obtained are as follows. (1) The pressure is raising and the fuel consumption
rate can be reduced by mixing air with methane. (2)NOy concentration of the exhaust gas is decreasing by mixing the

air with nitrogen or with carbon dioxide.
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Table 1 Specification of diesel engine

Form Yanmer2TL
Borexstroke[mm] 95x115
Cylinder 2
Compression ratio 18.6
Max power[kW/rpm] 13.2/1800
The length of connecting rod[mm] 230
The length of crank arm[mm] 575
Fuel jet timing 10~12°before TDC
Fuel jet pressure[MPa] 16
Valve lift in no compression[mm] 1.1
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Fig. 1 Flow diagram of engine
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Table 2 Intake condition
Light oil, A heavy oil,
Methane

Fuel

Number of revolutions From 800 to 1800[rpm]

Quantity of forced supply

air 800[L/min]

Methane (CH,)
Nitrogen (Ny)
Carbon dioxide (CO,)

Species of gas added into
the combustion air

Quantity of N,/CO, mixed
into air
Mixture ratio of methane From 0% to 4% of
(CH,) combustion air
Measured components of
exhaust gas

From 25 to 100[L/min]

NOyx and O,

S BT, ENENORKRSEMEIZEB W CTEHERHE800,
1000, 1200, 1400, 1600, 1800[rpm] 67E%H T Kb %
1TV, BREHIHR M & ABEMZ ] L7-. Table 3i2/%%
DR I Nt % 7R 9.

Table 3 Fuel property

A-heavy oil Light oil
Sulfur content [%] 0.09 0.05 or less
Carbon content [%)] (86.0) (85.5)
Nitrogen content [%] (0.020) (0.005)
Specific gravity 15/4°C 0.85 0.83
Lower calorific value [kcal/kg] 10200 10300

(kd/kg) (42700) (43100)
JIS K2205 JIS K2204
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R R +

®; Converter Y — L ‘
5 =
- — ]

G
j
+
Amplifier
Earth
e

Pressure
Pressure
gauge

Fig.2 Flow diagram of pressure gauge
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Fig.3 Thermal efficiency of light oil
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Fig.4 Thermal efficiency of heavy oil
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Fig.6 Pressure diagram in case of light oil for 2000[rpm]
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Fig.7 Pressure diagram in case of heavy oil for 1000[rpm]



HE R FEACE 495 (CFAK234F)

3.22 AR URAEICKHEE

Fig.8iZ A &# v DIRAEIG DZEAGIZ L DRBEEN D
ENZERT. £z, BENIEMZFHEH L, 1000[rpm]
—EETDH. A DORAEIGIZL > TEBHML
TWTZ ERbnD. LinL, A X v ORNEIE 4%
TOYMPAT IZJENDB ER - TNBZ Enn, Ty
TSI ) DEHEB NS TWDHENDND.

o

Methane 0%
Methane 1%
Methane 2%
Methane 3%
Methane 4%|

~

(=2}

o

Ny

Pressure [MPa]

w

o
[a]
e

-50 100

0
Crank angle [deg]

Fig.8 Pressure diagram with increasing mixture ratio
of methane for 1000[rpm]
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Fig.9 Pressure diagram in case of light oil for each
revolution
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Fig.11 P-V diagram in case of light oil for 2000[rpm]
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Fig.12 P-V diagram in case of heavy oil for 1000[rpm]
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Fig.14 NOy concentration for flow quantity ratio

3.4.2 H,SEE

Fig.15/21000[rpm] — & T, AT ADFEEIEIC
KD H,SUREE & WA S L VKRBTl L 72 b
DOTHDH. PO LIFEH, HIZEHZRLTWD.
R LI FEOIRANEIGIZ L0 HSIEE TR <
WD LT, LavL, A X DORANEIRICE D 1Y
MLUTWBEDRbMND., 2k, A X OBREEZLD,
TBRELTH DML E I OBRBEN T4 TR W=, |k
HLl-oEEEZLND.

10
= e NA L —N2 L
‘_,& 8 —=-C02 L —® Methanel | |
s 6 2 & NA  H —-N2 H||
s Py -8-C02 H —@—Methane H
[}
° N
[%2)
S 2 N
>

SSo-
0 e ek
0 5 10 15
F

low quantity ratio[%]

Fig.15 H,S concentration for flow quantity ratio

3.4.3 RERBERLS

Fig.16/31000[rpm]— & T 2 L 72 Re DR S
H A DR EEIE T 2 THCIRFE 2 A& Sk The
BL7ZbDTHD. eIz, ER L O
JRFE DIBAFFICTHCIR E I XIZIERIZ W 2Dz xf L, A
AR NERIR L2 TNl TWE, 3% aix/-L 2
ATEMIC EA L, RERBRBEIZR>TWd. ZhlZ
L0, AXUDOREBRFIIZINTH DL Z ERbhoT-.



P i BT IEAC S 5495 (FRk234F)

4000
3500 r
3000
2500 r
2000
1500
1000
500 r

0

¢ NA L - N2 L[]

£+C02 L -® Methane L| |

THC[ppm]

0 5 10
Flow quanity ratio[%]

Fig.16 THC concentration for flow quantity ratio
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Fig.17 NOy concentration for brake horsepower
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Fig.18 H,S concentration for brake horsepower
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