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Abstract : Water soluble oil was obtained from the pyrolysis of coconut waste as a biomass at
600C. It was studied that the combustion characteristics of bio—emulsion fuel by mixing and
emulsifying 15~20% of water soluble oil which obtained from pyrolysis of coconut waste as a
biomass and MDO(marine diesel o0il) as a marine fuel. Engine dynamometer was used for detecting
emissions, temperature, and power. The temperature of combustion chamber was decreased because
the moisture in bio—emulsion fuel deprived of heat of evaporation in combustion chamber. While
combustion, micro—explosion took place in the combustion chamber by water in the bio—emulsion
fuel, MDO fuel scattered to micro particles and it caused to smoke reduction. The temperature
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reduction of combustion chamber by using bio—emulsion fuel reduced the NOx emission. The

increasing of bio—oil content caused increasing water content in bio—emulsion fuel so total calorific

value was reduced. So the characteristics of power was decreased in proportion to using the

increasing amount of bio—emulsion fuel. Heavy oil as a marine fuel exhausts a lot of smoke and

NOx. We expect that we can reduce the exhaust gas of marine engine such as smoke and NOx

by using of bio—emulsion fuel as a marine fuel.

Keywords + MDO, emulsion, bio—emulsion fuel, NOx, smoke
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Fig. 1. Biomass pyrolysis system.

2.2 Rtz M=

fretdae] Azgyor Z A=
A gy fetAlE ARSRE shehA %2 AF
gste] feldes Axstdrt. Al MDO

Table 1. Property of marine diesel oil(MDO)
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of fF2HAIE Hrtste] 8oiA & HIBAEE
FHOl Hiole @ dS Hrtste], wHHY|E F5the]
3~57 B wukE AASHATE 1§ #de
¢S 95t  homogenizerE AHESIACO ™
ultrasonic generators 5&7F AE5Ee] W/0OAH2]
Hio|eodd ARE AXsHA

ez A" Ed2 o2 £tk 3600

(Sorbitan ~ monostearate, IC Chemical),

0|

SP80(Sorbitan monooleate, Dongnam Chemical
Ind. Ltd), SP85(Sorbitan trioleate, Dongnam
Chemical Ind. Ltd, IC Chemical), NP~
NP4(Polyoxyethylene nonylphenol ether, ether
derivatives, derivatives, IC Chemical)E A5}
Rom 27k7] ol e {IAE st fehAl
£ Agsttt.

et Alzel AHEH 71712 7FEA wRt
7], homogenizer(model; IKA Ultra-Turrax® T
18 basic)®}t ultrasonic generator(model;  Jeil
Ultrasonic Co. Ltd JIW-1500T)°]t}.

Az Fig. 201 yedisles, MDO <
79 BA44E-2 Table lof Yetigict. I8|x
otz &S Table 20 WeERSIT

Test item Unit Property Method
Net calorific value J/g 41,060 KS M 2057:2006
Gross calorific value J/g 43,670 KS M 2057:2006
Element analysis (H) Weight % 11.51 ASTM D 5291:2010
P KS M ISO
Water (Distillationmethod) Volume % 0.5 3733:2008
Sulfur (High temperature method) Weight % 0.15 KS M 2414:2006
. KS M ISO
Ash Weight % 0.012 6245:2003
Density(15C) Kg/m? 923.6 KS M 2002:2006
. . KS M ISO
Sediment Weight % 0.06 3755:2003
Copperplatecorrosion B .
(100C, 3h) 1 KS M 2018:2007
Flash point(Cleveland T 104 KS M ISO
Open CupTester) 2592:2007
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Shaking (3~5min)
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| Measurement of elelctrical conductivity |

\7 A4 v
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Fig. 2. Preparation process of emulsified fuel.

AR FARHE/dol WA= Tubiscan
JH S ARgol=dl, As 39 Beh2 o 1A%E
HO =2 back scatteringe A70dot g 7Y
oFe ml 6A17H5<9t back scatteringe A7 3}
o 1095¢e] 4 P84S S5 AlRY
Fol(XF)ell s ZF A7 Agte] mE back
scattering profile®] WSHYZ)E reference mode
o] ajxg yeplch oJ7]A reference modedt
A WA BS(back scattering)(%) profiles 712
2 5lo] oluf dofA BS(%) profile2 0% back
scattering® 2 Fi YWz profile5o] WIS
AdH oz olFAlA Ued ZAIE Wtk BS
= T 2ol (DA ()4l oJste] g 4

o>~1

offt 3
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Fig. 3. Destabilization phenomena.

Test item Unit MDO-15 MDO-20 Method
Net calorific value J/g 34,150 32,990 KS M 2057:2006
Gross calorific value J/g 38,5770 36,050 KS M 2057:2006
Element analysis (H) Weight % 11.62 11.66 ASTM D 5291:2010
NP KS M ISO
Water (Distillationmethod) Volume % 13.4 16.8 3733:2008
Sulfur (Hligh temperature Weight % 0.11 0.10 KS M 2414:2006
method)
. KS M ISO
Ash Weight % 0.006 0.007 6245:2003
Density(157C) Kg/m’ 927.1 929.7 KS M 2002:2006
. . KS M ISO
Sediment Weight % 0.06 0.07 3755:2003
Copperplatecorrosion 3 .
(100°C. 3h) 1 1 KS M 2018:2007
Flash point(Cleveland cC 84 86 KS M ISO
Open CupTester) 2592:2007
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M= ZIY Hr7EL RS T dojX vt
0]2 0 de MDOMarine Diesel Oil)Q} 15-20
% HE&Z SN T {EAA wEolXl Hpole
NLH ARE A4AA vloloolHE Arde]
W/O P2 o g3t A|A Hole &9 4
ol Z|gkeliA dAadue] 713tg-E wistolrt
AL s IHEoEN HAMEES A
& JEE ot

2.3 Qatdzel o4 | W EA7|7|
Aa AHZE WAg
+ upoloodz wE gidrs dzstdon,

o]z Azl AlY2 Table 3¢} 2t

A H 9] AloJF A= engine dynamometer
2 stelon, fetd=me dAa Al HiEE: HiE
7k~e] 79 FT-IR(Jasco Co.) % diaphragm
pumpE AhgSte] ®ASHGlon, FT-IRE 2ol
s 0.5~1cm, S/N Ratio= 30,000 : 1, high

Table 3. Specification of test engine
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intensity ceramic light sourceg® 7F Al&Fo|%d
of, Adkllizle] miA2 YAztERte] YA FEE
2 PMES A= Ade 99 /Ml
smokeS Z=743I2=2 diaphragm pumpZS AHE3t
O] Z|HFAFA] smoke meter (MODEL : AVL415)
E AH&stath

2 AFoMe ZZY HrlEs dEdlcty &
2 FAAEET HdukREA MDOE f8HAlE
ALgSte] {SHAIA Hpoleodd dRE THE &
o] Hpoleodd ARS] dAi EAe| thote] &
otHoItt. AXFHAE Argst &8 rpmS
ZAstHA Adstdlon, AXFHA ARIES
Fig. 49 YePHATE =S AZ oA AFEH of
U d=mol vjErtAE SYotirt dastdE
2 AVLAFS] SESAM FT-IR& ARESHEA, i<l
< diaphragm pumpE ARERF  AAX|FRALA]
smoke meter(MODEL : AVL415)E AR&35H
S5ttt wWE7ts 54 AR AZFLE Fig.

5l WER A

Fig. 4. Photograph of engine dynamo.

Fotd=e] dadede AfiveldruEz

=]

B

3, AEsE dgofA rpme 1500rpm, 2000rpm
Hotdde 10%, 25%, 50%, 15% 100%

=

17 392
oln], ND-13 REJAM| rpm ofolEd, 2

ITEMS Specification
Fuel supply system DI-injection(in—line)
Max power 240kW (340PS)
Max torque 1421N.m(145kg.m)

Fuel consumption

186g/kW.h (143g/PS.h)

Bore x Stroke

123(4.84) x 155(6.10)mm(in.)

Displacement

11.051 ¢

Cylinders

6
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Fig. 5. Schematic of experiment systems.
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Fig. 7. Stability curve of MDO-20 at 30° C.
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70 \\\
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Fig. 8. NOx reduction on each load.

Fig. 8°f 1,500rpm % 2,000rpm AFefollA H
o5 WAZ|H olo mE NOx9| sk A&
S Yebdtt. Fig. 894 RHE i ol

Journal of Oil & Applied Science

1500cpmel4] wtele.0 9l 9hiaF 15% % 20%°]
A9 AR JFl 10%, 25% HoloAs =
NOx Hl&% 488 Holi glout, 50% o4
Hat ol Fago] FolEE Aoz YE
k. oL At FA9 10%, 25% F5tolA
£ NOx &% #AE&S =A% NOx Hi&EF
Z4A| 7} Zol ND-132E AAS 1 Bu) g7
e e Aoz wodd, Iz iAo
1,500rpme o Et} 2,000rpmel H-$7F NOx]
A7AE0] =& Ao et

3.3 R3¢ =2} MDO2S| HARE
HAMSIE 222 HT

Fig. 97} Fig. 102 z} ®stded= MDO<%}
Hloleodd  dme] wiEts REE 47
1,500rpm} 2,000rpmell 4] &7 Axtolct. A
Hsot ol 10% FatddeldEs 1,500rpmellA
15%Hto] o HE Azl 20% HioloHEd <
ZollA Z7+ 28T, 11Ca} 2,000rpmoll A= 15%
Ho]l @ odd Amel 20% Hio]Qodd A=
A Z¥zb 35T, 20°C zpel7b Yy, 25% Hobd <
oA 15%HtoleoEd A=t 20% Hfo] Qo
AA dRolA zZ+z 9T, 10T 2,000rpmol A
£ 15%Hte]|eodd dA=met 20% Hpo]loHH
A=A ZH2ZF 10T, 18T HiE7tA & zpol7t
Aste] Hloleddd d=mmg AHES AF9Ut
MDO Ar&gt ¢ Hroh o @A Yegon o
AL Fig. 8oll4 Hi= A} o] =2 NOx A|A
et 281 50% Fetgd oA Y
7k20] 2Epol7t AL glolEdl, Fig. 8ollA
Hi A3 Zo] AY 32 NOx AALS Ho
Tk g 1EsE GAollA= 15%Hte] Qo
A A=t 20% HpoleoEd dAmox ZHzt 2
8T, 11T 2,000rpmolAE 15%He] Qo A
Azt 20% Htol WA dAmoA ZHzt 357,
20C #ol7b U o]Z Hioleddd dA=E
ArgstHto| Qo Bl Am W Hpole e e Jt
i 0] 100T oldelA 7IskstaA 712k
dg wstol 7] wEY Ze=m  ydhEoh
Fig. 97} Fig. 109] Hopd 2k JI1=fie} Fig 8
o] Fopd AxiskE AAE IHTE vl
HO Hlo]oHA dAnE AMgetS Fe vie
7hA 2Lt WolrBg HAAANeHES] PPk
7b dobr AxitstE HjlEk Folbe o=
e

¥

- o
filo

- 1428 -



Vol. 35, No. 4 (2018)

500

—=—MDO
—e— Emulsion 15%
Emulsion 20%

400 4
/ "

o

100

Temperature(C)

0 ——
0 20 40 60 80 100

1500rpm / Load

Fig. 9. Temperature changes on each ND-13
mode of 1,500rpm.

500

—=—MDO -
—e— Emulsion 15% /.
400 Emulsion 20% /n,/
8 /,
&~ 3004 4
v i—
b= |
®
& 2001
£
()
°
100 4
0 T T T T T T T T T T
0 20 40 60 80 100
2000rpm / Load
Fig. 10. Temperature changes on each ND-13

mode of 2,000rpm.
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