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A Experimental Study on Nitrous Oxide Formation in Direct Injection

Diesel Engine
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Abstract : It has been generally recognized that N-O(Nitrous Oxide) emission from marine diesel engines has a close correlation with SOx(Sulfur
Dioxide) emission, and diversity of fuel elements using ships affects characteristics of the N.O emission. According to recent reports, in case of
existence of an enough large NO(Nitric Oxide) generated as fuel combustion, effect of the SO: emission in exhaust gas on the N.O formation is more
vast than effect of the NO. Therefore, N.O formation due to the SO: element operates on a important factor in EGR(Exhaust Gas Recirculation)
systems for NOx reduction. An aim of this experimental study is to investigate that intake gas of the diesel engine with increasing of SO: flow rate
affects N>O emission in exhaust gas. A test engine using this experiment was a 4-stroke direct injection diesel engine with maximum output of 12 kW
at 2600rpm, and operating condition was set up at a 75% load. A standard SO, gas with ().499"0(m3/m5) was used for changing of SO
concentration in intake gas. In conclusion, the diesel fuel included out sulfur elements did mot emit the SO, emission, and the SO, emission in
exhaust gas according as increment of the SO, standard gas had almost the same ratio compared with SO, rate in mixture inlet gas. Furthermore,
the N>O element in exhaust gas was formed as SO mixture in intake gas because increment of SO, flow rate in intake gas increased N.O emission.
Hence, diesel fuels included sulfur compounds were combined into SO; in combustion, and N>O in exhaust gas should be generated to react with NO

and SO; which exist in a combustion chamber.
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Fig. 1. Reactions of nitrogen component in fossil fuel to

external combustion.
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Table 1. Test engine specification
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Test engine AVL
Stroke 4
Cylinder
Cooling type Water
Injection method Direct injection
Bore 112(mm)
Stroke 110(mm)
Output 12 kW/2400 rpm
Compression ratio 18.5
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Table 2. Fuel properties for experiment
Item Unit Light oil
Density(15°C) g/em’ 0.8359
Flash point °C 76
Viscosity mm’/sec 3.554
Pour point °C -17.5
Ash mass % -
C mass % 85.84
H mass % 13.85
N mass ppm 5 (limit)
o mass % <25 (0.7)
S mass ppm 6.8
Calorific value Ml/kg 45.84
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Fig. 2. Schematic diagram of exhaust gas sampling.
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Fig. 3. Sulfur dioxide rate in inlet gas and exhaust gas according

as increasing of the amount of standard sulfur dioxide

gas (0.499 %, dilution gas : nitrogen).
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Fig. 4. Carbon monoxide emission according as increasing of the
amount of standard sulfur dioxide gas (0.499%, dilution

gas : nitrogen).
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&2 NOHl

}

NOW|ZE9 ¥
LE% I E}(Yoo 2014c).
S 7$-9F 22,5 UminZ

Z:l]'i% NZOHH EET:

< FEYoE NOWE

)
ety

ol

—_ m]op

SN

)

el

Vﬂ“ NO &

Fig. 6°+= ?7] T«] SO &
e A=, Fig 39 8029]
S7ket frAreR al-
A 80,9k NO9| 1t
%ol AaA Yo x
2 L:L% SO= ¢
NO7} A4
0]
w2} N,OH| & E o] ﬂ }“ﬂ‘Eh % A=

AT, 4109 NOsk 80,9 gl ©J3) NoujEE©
S7FetithA 80,7k FHAated ofF shA| Rl Fig. 304 A ESIA
o] SO¢ EUEY vEEFLS WHislA] Fa Q)
A Wl NOg 0,2 AlFAITke]l 7] thoﬂ
o] SO,4to] HkSo)] A9 E9V] WjEOE AR
Qo1 FH S A= A E HkS 3R
g sofehA sfle] dastrta Ay
ZHH Yoo(Yoo et al,, 2013)7} A3 AR %ag] 3}
Z7tet oWl & & F7he] AR oY}, Fig 6
FE &7 F9 FarstEe] S B N,owlEoll A

A AL o 5 ATk £H, Fig 304 2 5

d 7t

EQ ofr
o ox

o w2 Nool| tiste] v
£ SoMi7I&

- A0yl

il

-0
Co

O{
.{
ga
X
0
&2
o
)
M o
A
2]
S
=

ol A
—_L
=

O o ¥

>~

e

A

g

o=

_,_ol

AR



>
i)
M

o] 7] %1 Fig 6°]
& F7kehgom, No
A v An o
&l or AYEIING Az
SO AFEHE the N0 AAAA HsAel ¥
o}

1o
12 oy
_1
Mo
:og
rfo
ki
N
S
)
(=]
(=}
~
jale
[o
o
2
ol
o
g:.u‘
il

2.5

Jc N,
X,
\

Sulfur dioxiqlie emission

W o s

e

A
I
=]

I
73
L

3
-‘
-

-

~

|
|
|
'
|
|
|
'
|
|
|
|
> |
|
'
|
|
|
'
|
|
|
|
|
!

[
L

'

|

|

1

|

|

|

1

|
o

r 2

-

Sulfur dioxide [g/kWh]|
=
th

P

-

\,
\

|
|
|
|
|
|
|
|
|
|
|
|
|
I
A
'
|
|
|
|
|
|
|
|
|
'

0 S 75 10 12.5 15 17.5 20 225

Flow rate of standard sulfur dioxide gas [L/min]

Fig. 6. Nitrous oxide emission according as increasing of the

amount of standard sulfur dioxide gas (0.499 %,
dilution gas : nitrogen).
4. 4 B
Aol 4RBAY 14 gaedlel glelA No
o Aol tiskel ) skel FHRE A9 A
SIS 3 s}

Q) &7 SO EFES STV ZLAFE SOHIEE T3 F
7hate] 8O0 TFET w71 &9 & Aole g
Srlod=

@) F71°l SOEHES T7/MIATE O EE £ &
7FkiEdl, NOE £719] SO0k Az Qs A+
NO¢te] whg-el ol 437 = At
5719 SO e FEN WiEEC] BRI F7] SOEH

TTMATFE NOWEES S8l

227k 1200K9 & A<ratsl s o,

e AR dae di =3

s ny daR Qls) SO= At

=

BN 7hsAel

Jo

Q)

2 oox & o

o X o @ Ml g
o Mz
tlo

e
e

AP AN olakalAse] Aol Be A AT

References

[1] IMO(2011), Guidelines for Calculation of Reference Lines for
Use with the Energy Efficiency Design Index (EEDI),
International Maritime Organization, pp. 1-11.

[2] TPCC(2007), Climate Change 2007 Synthesis Report, pp. 1-52.

[3] Ravishankara, A. R., J. S. Daniel and R. W. Portmann(2009),

Oxide (N;O): The
Substance Emitted in the 21Ist Century, Science, Vol. 326,
No. 5949, pp. 123-125.

[4] Glarborg, P., J. E. Johnsson and D. J. Kim(1994), Kinetic of
Homogeneous Nitrous Oxide Decomposition, Journal of
Combustion and Flame, Vol. 99, Issues 3-4, pp. 523-532.

[5] Yoo, D. H.(2014a), Effect of Fuel Component on Nitrous

Oxide Emission Characteristics in Diesel engine, Journal of

Nitrous Dominant Ozone-Depleting

the Korean Society of Marine Engineering, Vol. 38, No. 9,
pp. 1045-1050.

[6] Ots, A.(2005), Formation and Emission of Compounds
Affecting Environment, Oil Shale, Vol. 22, No. 4, pp.
499-535.

[7] Yoo, D. H., Y. Nitta, M. Tkame, M. Hayashi, H. Fujita and J.
K. Lim(2012), Exhaust Characteristics of Nitrous Oxide from
Marine Engine, Proceeding of OCEANS'12-Yeosu, pp. 1-6.

[8] Yoo, D. H., M. Hayashi, Y. Nitta and H. Fujita(2013), Effects
of Engine Operating Conditions on Nitrous Oxide Emission
Characteristics of Ship, The Japan Institute of Marine
Engineering, Vol. 48, No. 5, pp. 692-698.

[9] Yoo, D. H.(2014b), Investigation on Emission Characteristics
of Nitrous Oxide from Marine Diesel Engine, Journal of the
Korean Society of Marine Engineering, Vol. 38, No. 9, pp.
1051-1056.

[10] Turns, S. R.(2005),
McGRAW-HILL, pp. 160-161.

[11] Kalff, P. J. and C. Th J. Alkemade(1972), Characteristics of
Premixed Laminar CO/N,O Flames, Combustion and Flame,
Vol. 19, Issue-2, pp. 257-265.

[12] Yoo, D. H.(2014c), Effect of Fuel Injection Timing on

Nitrous Oxide Emission from Diesel Engine, Journal of the

An Introduction to Combustion,

Korea Society for Power System Engineering, Vol. 18, No. 6,
pp. 106-112.

Received : 2015. 02. 11.
Revised : 2015. 04. 01.
Accepted : 2015. 04. 27.

- 193 -



