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Effect of nozzle diameter on the reduction of smoke emission

from naval ship diesel engines
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Abstract: Legislative and regulatory actions regarding the exhaust gas from ships are being strengthened by both international organ-
izations and national governments, to protect human health and the environment. Exhaust gas traps are excluded from exhaust gas regu-
lation applications, but, recently, the United States, Britain, and other developed countries have examined a variety of ways to improve
the system, including the introduction of electric propulsion systems to prevent air pollution generated by naval ships. This study inves-
tigates a large number of smoke problems of naval diesel engines to verify the effect of improving the nozzle characteristics. An exhaust
gas emission measurement method to determine the quality of pollutant exhaust gas generated during low-load operation is proposed
through the research methodology of the smoke problem. It was confirmed that the emissions value is improved by decreasing the noz-
zle hole diameter and increasing the injection pressure. At the same time, the flow rate decrease equation and setting up a test memo
based on the nozzle diameter confirmed that the fuel consumption, to which the nozzle diameter in the flow path is related, is reduced.
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Table 1: Specifications for the selected engine and properties

of diesel fuel

Y o g o % T N < o
e ol O =
o o ~ ) 0
K iiihoumﬁ ﬁli
ol o R XK -l T b
,1% oo T 7
0 e T RN N
Gl utmﬂﬁmﬂmiﬂlo ~ M
=) _SL ﬂ.l1 ‘lﬂ
3 REEZpEE T
- MR o M " Py
ot o o) op T oy 7B
ol o =
TR oo Bom WL o
L,m.,_]ﬂi]dw N R
= w O I TN
N Latmoima7@1 .
NI 0 ._ﬁ
Ko ° 3 g S
AR 2 - o~ B ™
wox DRI - - < =
To ob oy o— B X m S
o B A T MN = L W g
B3 i T oo ad D 21 T Wy =
—_ — N = EEE
Doy e SN B
T Lo G g g
th —_— N (i \@-‘._ ﬂAI MO OE ,m-f ‘B.H ﬂ
q 7 o= Koo a2 o
B X 1 = oo ol ol N M H Ny
i 9 TR E A oA o
T B o FTo@ZzZzW®N T 0N
£~
= Sl < )
=8| 85|22 | o) Slx|2| 2| FBS| |2
M.WW@XT%\WCCCCNOMMW
S IR EEEEIME RS
= 8|%|E|EIZal=g |82 E| &2 |§
= b S e - S B A T S
A ol@als|o =) ~
%OO
[SYIeIR®]
S
& m|m N
.meg o 2 m .ﬂm
SISE 1B |5 E s £ 2l 8
o| 28l el 2| x| B|E ° gl <| | E|.2
Sl gl 8l E|2|F| Y & s ~ |Z|&lE| &~
SOh.|O.XHC B 9 Mtl o
HR=1-1RS) Sl = |Z o | 3| ElE|elE
2(8| 20| 2R |5 & 2 2 §|35|°”| 5§
glzg g |gF =< Zls £l 5
3| = | M ) > O £ B Ol g
© w § & M
g ©
=
T

Aol A2}

1513
=4

o] viel

Ton

ﬁﬂg%%%ﬁ
0 I
TR
wmmﬂim%aﬂﬁ
_,THLH_AI,,LIMHWF_
zaiﬂw moR
M oﬁ1A7Lﬂpd7
LR R o Ne
RETE
w RS
X T - E
oWWLt%ml %
=3 g 2
Wowwe#eﬂriﬂl
o I
) qﬂﬂﬂtog oy
oEﬁer.,_%Mﬁﬁﬂ
TN T N o2y
%}a:wmawu .
o X o O "
Mﬁ%a = W g
a B R ”_/u.*.\ HH A %o
[Ho - O = e
CETEITRE
ARy o
oo N N wy o
N N H of M =
TN E RN WP TR X
PO T TR
R o
u...%@ﬂﬁﬁawﬁmx
Mkjloﬂﬂt.ﬂd]_kl‘dllwkl
Fl=rE T RN
— g BB N T
N T o) A o= X~ PP
= T+ °" o E Calen
}ouﬂ%@.ﬂﬂ%
\qumMﬂoﬂﬂlaL_l‘_ﬁlL
B TS T A
_ &ﬁﬁoorﬂrﬂ
oo W oo = BB gL B
iﬁ%@%%%&%
%wpm%oﬁ% Mﬁﬂ%
1o QAI o )
otﬁoﬂlﬂu.ﬁﬂlﬁlw%,@dﬂ
J.‘W.Lﬂbo‘lﬁxl.
< ERIC o 7o) Jo i
o o = oNE RO
ST
= I N T 0|
&) .l
W T T R R R
RTORBE AT ONR OH ORE Mo -

A7 ) Golxl #a}

alok sk,

=
o

4% 5% 989 3

s

al

o
R

7} B} v 5o} NOx 5 %&

181

(2016.3)

32 A408 A3Z

%t

Soh el ¢l A U o]

—(:5_}



3 =7

107}

L

-
o1 g3te] 7o) FEE 0-

Figure 1: BSN (Bosch Smoke Number) measurement posi-
tion and measurement instrument.
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Figure 2: Ringelmann chart
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Figure 3: Soot parameter at each mode
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Table 2: Specification of nozzle

Before \ After
the same as before

Properties
Nozzle length

Hole angle the same as before

Hole number the same as before

Nozzle diameter 100 % 94.7 %

Spray pressure 100 % 1273 %
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Equations
0.23 + BSFC x 7 x 0.02247
(fuel sulfur fraction - 0.0024)
=S

il

PX LFX AX EF
A

(P MCR power, LF: Load

&t

(e}
Factor, A:Activity)

4.25g/kWh x P11/p
(P _engine power in kW)

P, ]Mi(]
NOy

Item
H(15%)°1 4

EF
(Emission
factors)

3]

Table 3: Emission estimation under low load (15%) condition
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Figure 4: Change of smoke parameter at each mode
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