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An Experimental Study of the Fuel Additive to Improve the Performance

of a 2-Stroke Large Diesel Engine
Younghyun Ryu' - Youngseo Lee® - Jeonggil Nam'
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Abstract: In an effort to reduce the onset of global warming, the International Maritime Organization Marine Environment
Protection Committee (IMO MEPC) proposed the reduction in ship speeds as a way of lowering the proportion of carbon dioxide
(CO,) in the Green House Gas emissions from ships. To minimize fuel costs, shipping companies have already been performing
slow steaming for their own fleets. Specifically, the slow steaming approach has been adopted for most ocean-going container
lines. In addition, because of the increased marine fuel cost that is required to enable increased capacity, there is an urgent need
for more advanced fuel-saving technologies. Therefore, in this present study, we propose a fuel-cost reduction method that can im-
prove the performance of diesel engines. We introduce a predetermined amount (0.025% of the amount of fuel used) of fuel addi-
tive (oil-soluble calcium-based organometallic compound). For improved experimental accuracy, as the test subjects, we utilize a
large two-stroke diesel engine installed in land plants. The loads of the test engine were classified as low, medium, and high (50,
75, and 100%, respectively). We compare the engine performance parameters (power output, fuel consumption rate, p-max, and
exhaust temperature) before and after the addition of fuel additives. Our experimental results, confirmed that we can realize
fuel-cost savings of at least 2% by adding the fuel additive in low load conditions (50%). Likewise, the maximum combustion
pressure was found to have increased. On the other hand, we observed that there was a reduction in the exhaust temperature.
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1. 4 & AREE = Rl TS 7L Slek). weEbA, Ryu et al 9]

2R 1= 234 UE O dS ALEEs ATl s FHEF 2 EHS Ad Ag TER] &
Ho| Mulzo Hulg ZAGE A}-%s]-_,’j_ 9t} AL AEE W37 feiA SR=rF w2 dils Ad Hed
AT} =] gfo] 100C o]Ao 7tAL Fx] grom el 2} Zetete] TAMF THEE WFT] 9% dATE

s
T Corresponding Author (ORCID: http://orcid.org/0000-0002-4453-3971): Division of Marine Engineering, Mokpo National Maritime
University, Haeyangdaehak-ro 91, Mokpo-si, Jeollanam-do, 530-729, Korea, E-mail: jgnam@mmu.ac.kr, Tel: 061-240-7220
1 Busan Technical Center of Automotive Parts, Korea Institute of Machinery & Materials, E-mail: yhryu@kimm.re.kr, Tel: 051-974-9241
2 Techno-bio. Co., Ltd, E-mail: yslee@technobio.co.kr, Tel: 031-352-1953

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © The Korean Society of Marine Engineering



24 0P OANY APFS A% ArAAe) 4

>,
o
o

jus}
=

b
o x
i—";
re
Al
ku
N
I
T

ATH2I3]. 1 Aol Tzl

Qe gud deHEE £

E S, tHE o
o

=
171 455 ANE 5 Aes H

SR CEAE RISTE A
g mEdrlo] 4auo] Jgolw By
o AT A% Ago] BAAALD

L

4% Z7hw Aujulgo] ZAEE EAlge] WA glr)

i, g Srhele Avke] dmulo] tlg Yae AF
o7 Amu] A7 N)%s)we] Ade] 27E L A W
A B ATelaE oz due] 47 s Fol TALY] o
RAIHEA 2EA SRS EE Aue A4

of FAgomMs AgH dE ALskgith

e
ol 1

3l
h=
100%)9] AAIZ vroiM AdE skalaL, L
£3% o= dAsHA FAetH, w7 =Hd
Ao R frAstaM sl i o
=]

2RI (F)l A A2 X3 Diesel engine
generator AW 2A] 40MW 7170t} Figures 3, 45 %
A, B A A ALGE AR Ale]=2E B 4 Qlr)
Figure 3> 2 A4 ARE-H <1219 12,000417F &7 5
QU 3h7] SlEiA Al w7 H o], Figure 45 32
A7)0l g ¥ 2Eo|th 18] 3L Table 23 ¥ 1ol A
AFEE RS AS YERaL slow, ARFTAE
Ak T FYEHI

0.025% H|&= T3t Fof FdfFo Jd5 s B
%

2
Al

1=
=)
e
£
Ry
T
9
ol
%
oty
Ry
é
w
©
=)
__)fl_,‘
(o)}
ol
Do
o
—
(@2}
~

T Am AR B4

4 A

7)ol olziske] BT,

Figure 1: Thermal power plant

Table 1: Test engine specification

Item Description
Engine type Low specla(ziKt;sE)(;v[ sct:r_(;ke cycle,
Bore x Stroke 800x2300mm
Combustion type Direct injection type
No. of cylinders 12
MCR output 41,320kW
MCR rpm 109.1rpm
Mean effective 16.4kgf/cm’
pressure
Mean piston speed 8.36m/s
Weight 1,413ton
Turbo charger rpm 11,000rpm
Firing order 1-5-12-7-2-6-10-3-8-4-11-9
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Figure 4: Piston of the test engine Figure 5: Supply valve position of the additive

Table 2: Properties of the heavy fuel oil and added fuel oil Table 3: Properties of the dosing pump and mass flowmeter
Item Heavy fuel oil | Added fuel oil Item Description
Density at 15T, g/mL 0.9384 0.9378 Dosing pump L] 2CMG Techwin, -
Ash, mass% 0.042 0.030 -12 model, 110 mL/min
Sulfur % 0.254 0.273 Mass flowmeter Endress Hauser,
Tisost ot 100 ' ' IP67/NEMA/TYPE4X_model
v : 2427 23.39
s
Water by distillation, 0.10 0.20
volume%
Nitrogen, mass% 0.33 0.32
Gross calorific value,
keal/ke 10,550 10,546
Net calorific value
’ 4 4
kcal/kg 9,940 9,93
Carbon, mass% 86.68 86.56
Hydrogen, mass% 12.04 12.07
Oxygen, mass% 0.65 0.75
A7kl =48] = Control tank 9ol Az o2 UA
FS T3 4 A= Dosing pumpE AR5 oW, I
A= A& Control tank AHZE T3 = AL T4 Figure 6: Dosing unit including dosing pump
7S AAs3) Figure 55 F7HA ¢ WEE HoF
3 2™, Figure 6> Dosing pumpS ¥ 313k A ojukolt}, .—-~~L;\<'
EH, A0ELe A (Local) AAAAIA L Ao]A SN
(Control room) ZAl7]ollA FAstolon, Agiwde A
2f FF P Zo AXNE A% Agadd 29 7
239t} Table 32 Dosing pump 9 AHFF-HA ALSS
BoEu A& L AR AHE AN, Aol vR=
7 gme AL ANG RATAN AR A ge
ALFsHSA ). Figure 72 A& 701 ™, Figure 82 %

Figure 7: Fuel flow meter
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Figure 8: A schematic diagram of experimental apparatus
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Table 4: Engine power outputs by added fuel

Added .
Load HFO . Ratio
fuel Difference
0, 0
%) | (w) ) (%)
50 21,186 20,748 -438 -2.11
75 30,521 31,016 495 1.60
100 40,460 40,605 145 0.36
50000
B Heavy fuel oil
40000 OAdded fuel oil
B
o
‘g’_ 30000
3
5 20000
=
o
o
10000
0

50 75 100
Engine load (%)
Figure 9: Engine power outputs by engine loads(50, 75, 100%)
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Table 5: Fuel consumption rate by added fuel

Added .
Load HFO . Ratio
fuel Difference
0, 0
(%) (g/kWh) (g/kWh) (*0)
50 207.430 202.833 -4.597 -2.27
75 186.395 185.103 -1.292 -0.70
100 188.422 186.913 -1.509 -0.81
= 00 W Heavy fuel oil
% 250 DO Added fuel oil
8
..2 200
-§ 150
£
2 100
s 50
i
0
50 75 100

Engine load (%)
Figure 10: Fuel consumption rates by engine loads(50, 75, 100%)
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Table 6: P-max by added fuel

Added .
]Eoo/a)d {}l}l;?) fuel Difference l?f]i/tl)o
° (Bar) 0
50 86.25 88.83 2.58 2.90
75 114.83 12291 8.08 6.57
100 139.83 141.08 1.25 0.89
200
180 W Heavy fuel oil
OAdded fuel oil
160
~ 140
@ 120
s 100
£
CL 80
60
40
20
0
50 75 100

Engine load (%)
Figure 11: P-max by engine loads(50, 75, 100%)
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Table 7: Exhaust temperature by added fuel

Load HFO Added Difference Ratio
(%) (C) fuel () (%)
50 337.08 328.08 -9.00 -2.74
75 326.42 318.83 -7.59 -2.38
100 343.08 341.17 -1.91 -0.56
500
__ 450 W Heavy fuel oi_l
8 400 O Added fuel oil
g 350
£ 300
£ 250
g 200
§ 150
@ 100
50

50 75 100
Engine load (%)
Figure 12: Exhaust temperature by engine loads(50, 75, 100%)

4. 4 =

18 32 o
o
&
=,
)

— - =
ol
~
W
X
Lo
o
o
S
=
[«
X
o,
2
4z
ol

Bafoll = Amin| o] oF 22%
, 2l sl A= 2k 0.7, 0.8% Zh2h 7+

Airell 9= A7HE FATeEA

gharutA A Yo &5t s] %] A39HW A65(2015.7)

3. HoAsgtee A Babol|A oF 3.0% AEskglon,
%, o Falol e ok 6.6, 0.9% 22t AsEitt =,
Mukg FAFo| ANAE FUTFo A A R}l A

EN gl skt

XeN
4 AN EE AZAT A el oF 27% AT

m, F HBlel A= oF 24%, 3L Fatell A= F 0.6% 7
aspglth 5, el WHE FAdge=A A 5
sl wj 7] & erk A2ehe Sl Skl oA A
ZHIZE AR el FEFE Fof, HgE dAat E
T RS Jrpa sk

i=]
B
3H50%) oAM= 2% o) de] Agn] A7t a¥9E 3 & &

References
Standard, 2012,

“Petroleum products-Fuels(class F)-Specifications of
marine fuels,” INTERNATIONAL STANDARD, ISO
8217:2012(E).

[2] Y. H. Ryu, T. Dan, and I. Asano, “Measurement of
bunker o0il/DME blended fuel viscosity for diesel en-

[1] International  Organization  for

gine application,” Journal of the Japan Institute of
Marine Engineering, vol. 47, no. 5, pp. 95-100, 2012.

[31 Y. H. Ryu and T. Dan, “Combustion and emission
characteristics of diesel engine by mixing DME and
bunker oil,” Journal of the Korean Society of Marine
Engineering, vol. 36, no. 7, pp. 117-122, 2012.

[4] A. Kadarohman, Hernani, I. Rohman, R. Kusrini, and
R. M. Astuti, “Combustion characteristics of diesel
fuel on one cylinder diesel engine using clove oil, eu-
genol, and eugenyl acetate as fuel bio-additives,” Fuel,
vol. 98, pp. 73-79, 2012.

624



24 Y UANNY APFS A% AnAAY 4PH AT

w

o

[5] W. M. Yang, H. An, S. K. Chou, S. Vedharaji, R.
Vallinagam, M. Balaji, F. E. A. Mohammad, and K.
J. E. Chua, “Emulsion fuel with novel nano-organic
additives for diesel engine application,” Fuel, vol. 104,
pp. 726-731, 2013.

[6] G. Zak, L. Ziemianski, Z. Stepien, and M. Wojtasik,
“Engine testing of novel diesel fuel detergent-dis-
persant additives,” Fuel, vol. 122, pp. 12-20, 2014.

[71 V. Arul Mozhi Selvan, R. B. Anand, and M.
Udayakumar, “Effect of cerium oxide nanoparticles
and carbon nanotubes as fuel-borne additives in die-
sterol blends on the performance, combustion and
emission characteristics of a variable compression ratio

engine,” Fuel, vol. 130, pp. 160-167, 2014.

gharutA A Yo &5t s] %] A39HW A65(2015.7) 625



	2행정 대형 디젤엔진의 성능향상을 위한 연료첨가제의 실험적 연구
	요약
	Abstract
	1. 서론
	2. 실험장치 및 방법
	3. 실험결과 및 고찰
	4. 결론
	References


