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Abstract : In recent years, the issue of energy in the world is the part of most interest, and it is also a
problem that is linked to the economic growth of each country. It has been reported to several scholars
that the environmental problems of the earth are caused by the abnormal climate change all over the
world. Such disasters of climate change frequently occur outside of the predictable range as the cause of
the global ecosystem change. This study investigates the effect of the rate of biofuel mixing and the
exhaust emissions characteristics caused by changing the fuel injection timing in diesel engines. As a
result of experimets in test engines, specific fuel oil consumption is slightly increased in case of
increasing biodiesel fuel ration and the NOx was also slightly increased. The specific fuel oil

consumption is slightly decreased with leading fuel injection timing, but the NOx was increased.
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Fig. 1 Schematic diagram of experimental apparatus
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Table 1 Properties of test fuels

Item Specification
Fuel injection timing BTDC 22°CA
Borex stroke (mm) 102 x 110

Type of engine Water-cooled,

Stroke 4

Type of fuel injection Direct injection

Number of cylinder 6
Piston displacement (cc) 5,393
Compression ratio 175 : 1
Max. output 60 kW/1,800 rpm
Firing order 1-5-3-6-2-4

Table 2 Specification of test engine

Test fuels
Item : Bio fuel
Diesel fuel 100
Specific gravity (15/4C) 0.8342 0.8808
Kinematic viscosity
(cSt@40C) 2.67 4.382
Flash point (C) 75°C 134C
Sulfur (%) 0.04 0
Water (%) 0 0.1396
Lower heating value
(MI/kg) 42.8 36.79
Carbon (wt.%) 85.83 77.26
Hydrogen (wt.%) 13.82 12.96
Nitrogen (wt.%) 0.16 0.08
Oxygen (wt.%) 0 9.7
Cetane number 514 58.65

N

rH

(=]

F71de FEEHE d82EE YA FH H
A He d5eEs LA FASES 3t

sod, FFHE 98 259 o3 FE& HYE
£0.5CE FASAT 7€ vlol dxe AL
gy 93 @4 5 Cdsiden, AP Ad
£ Table 1, 4¥ AFE Table 20| TA3A.

B OAFENE S ublole dE 2% 2EAX
(FTCH-0906)2 Alg3le] ARLEE 15CE 94
sHA fAEAT 7B HEE 1,800 rpme] S
o thaled 71FHSE 0% A 100%7HA] 25% 3+
Aog 3tgoed, Hlole A7 AHRE 10%,
20%, 30%3taL, viole As #ARAZ]= BTDC
18°, BTDC 22°, BIDC 28°% A &3} t}.

e

2

3. &gz

oo

RIS UnE=,
3.1 ZAHIE
Fig. 3& A@AZ 3AF 1,800 pmollA] A
AtAI719) Hlol o AR Hlgo] mE AdRAHE

F7Vet L, A8 EARA7] Wske] meks 4

AHlE2 dASHA A FTF B A7) Fig 3
oA BodFa1 it} Hiole ASH|Ee] g 15T
Lx J]EFo =7 X3} BIDC 2200014 HolQ A&
H|&-& Z7HA71E 790l BTDC 18°0A4 Az 4
H]&o°] DF 5.1%, BDFI0 4.0%, BDF20 6.5%,
BDF30 11%% %713ttt BTDC 28°°l4] DF
-3.1%, BDF10 -4.2%, BDF20 -3.7%% Z&3l= &
AL Bt Hlo] e AR Table 20] FAH &

*
_%_
a}
AELHEL Hlo]l EH|Eo] FUletdA of
Eds
=3



C|A7|2e| Soybean—0Qil E8t8 L HZ EAIA[7| HEI} Hi7|HIEE

BI1DC
BSFC(u/kwh) g~
300 ——Load 25%
——Load 50%
— Load 75%
——-lnad 100%

BTDC/ \ BTDC

28" 22°

1800RPM, DF

BTDC
BSEFC(g/Kwh) 4 g~

300 ——Load 25%

—Load 50%

— Load 75%

=-Load 100%

BTDC
28° 22°
1800RPM, BDF 10
BIDC
BSFC(g/Kwh) 18~
330 —Load 25%
—Load 50%
— load /h%
—=-load 100%

22°
1800RPM. BDF 20

BTD
RSFC(a/Kwh) 1 g°

330 ——Load 25%

—l oad h0%

— | nad /H%

—==-Load 100%

TS RThC

22°

1800RPM, BDF 30

Fig. 3 Brake specific fuel consumption on various

of biofuel injection timing and biofuel ratio

at 1,800 rpm

32 SAARZUOIX| H253 AM5Z, 20214 108

3.2 &

1

1

NOx{ppm)

1

1

1

NOx{ppm)

1

1

1

NOx{ppm}

1

1

1

NOx (ppm)

Fig.

=4doll 0|x|

rr
>
0

X
e
1

B2 4EHE(NOX)

200
ooo | —e—Load 0%
-m -Load 25%
—a-Load 50%
800 —< Load 75%
—¥—Load 100% P
coo |
400 |
200 |
o
BTDC 18* BTDC 22° BTDC 28*
DF, BTDC
400
500 F —e—1Lcad 0%
—m-.lcad 25%
ooo F —A-Load b0%
—= Load 75%
soo | ——I nad 100%
s00 |
400 |
200 |
o
BTDC 18* BTDC 22° BTDC 28*
BDF 10, RTDC
400
200 |
000 |
800 |
600 |
400 |
200 |
o
400
200 | —e—1 0ad 0%
-m-1 0ad PK%
o000 } —a— 1 nad 0%
— Load 75% //
s00 | —+Load 100%
600 |
400 |
00 |
o

BTDC 18° BTDC 28°

BTDC 22°

BDI 30. BTDC

4 NOx emission characteristics on various of
biofuel injection timing and biofuel ratio at

1,800 rpm



slaz - mME

Fig. 4= A&MsE JgixolW, 7#3dsy o A i}
1,800 pmoll A F3lF7te] meal A3l F7hst AbA) Aaged osiA TAEE, BdHdLAE
gom, Hlolo AZnREol 2| DF 100%°A it eAE DR vo]ledg 23 4
BDF 30%7MA] vlole 2=/3}l 15Col| H3fol o  AdEo| o] ZAFA7|E Azt wEA 3t A
g Eol 3, BRI} 0%l AESE 100%2 ¥ o TS FAga Addn.
At o|AL Qzle]l o niEY B3} A
Fol BEALEo] AaddA LASts ddFel < v

AA ABHA Zgo] wyE AoZ yehlm ol |

—h-lLoad 50%

AT Fig. 4oll= 15ToA Hloje A5 EFH& B | Tieay o
o] Zrhstex B3 kgl o@ Nox= 4R} Sl
Al YJeR}T 9lem, BTDC 18°¢4 Hlole dm S T T oo =
HEe Z7A7= A9e] Bl AR BDFIO L ST = -
8.92%, BDF20 16.5%, BDF30 21.3%% &7}ttt o
foe o oo 7 e

BTDC 22°0A4] nlo]e AR HIES F7HAY& DF. BTDC
7% BDF10 629% %7}, BDF20olA] 11.44% = T —
7}, BDF30 122%% Z71st= Ade Jehja 9 I §E§§ %/5 T
T} 78T BIDC 28°0IA1E BDFI0 12% Z7h, o °[teesdessl
BDF20 3.0% Z7}, BDF30 3.65%2 Z7}st= #g & ° P e R
2 Holw Ut} vlo]e AR Wl g WA AR i L -
EAAIZ] Wt IA3HA FUMete AES 2r
& 4 A9tk =3 BTIDC 18°0)A4 Hlole Ax ° FYTrTap IR YT
Aol mE 15.6% S7FstAL, BTDC 22090 A= - mer e e
10.03% Z7}, BIDC 28°°41&= 2.61% 713kt SN (P ; —
ojZ e Hpol AR EFE iAol 2HsA -iega o
e ot mEA S das BAAAC o3 g |t
dAxrizbe] ZolA Axd £5o Z7bE NOx= O ———— - -
z7lag o, vole Am BAMAZIZE A7 B I S—— P— -
€ Agud A7t g Bagol Btk 1 ol N - —
S Hlole dAmulg 2R Aste] duawe e P e P
ol ofzh¥ ZAlstEEd, F UL WAol -

o = o 9 —=—Toad 0% I —
10% A% A2 ¥de=w AzdAr w0} __i_':té%é %%%

8 T — —

3.3 OI4HSIEL2(CO,) = -

Fig. 5% ol4sleka wl7|ujE Texoln, ul P T -
ﬂgeﬁi%Elﬂjﬂ%ﬂﬁ,MMooﬁiéﬂ- 3 =TT ottt -
ulgol tg BAL vlole ulg Age Hah W . -
ol eJste] YA FIheE AFL R T eeraelnme U
BEAAZ] HE = dASA ez Yt Fig. 5 CO, emission characteristics on various of
BTDC 28°°l4]+= BDF10 1.2% %7}, BDF20 3.0% biofuel injection timing and biofuel ratio at
%7}, BDF30 3.65%=% 3718t A&S el 1,800 rpm

SYAAEZ YK H253 H5XZ, 2021 108 33



C|A7| 22| Soybean—0Qil E&tE LU HZ EAIA|7| HEI} HH7[HHIEEE

0x
=
=
>
rr
>
0
I
e
1

= 6O
3.4 L4SIEIA(CO)
dabsteka w7 EE LW ZE Fig 62 71H =1
S0 1800 pmol A &t wsjol wepa Bawp e f
=
o H 5= = |
o2 ABH &I} EAAZ] WIE L}—E]—LH T}, S
5
g
dlele dmm gl o@ ¥ask FAIFE A |
B9 o TN 2B FoE Bade o |
° Load 0% Load 25% lLoad 50% Load 75% Load 100%
800 DI, Load(26)
L3I0 B
700
- A
L - ho
600 o ~ R
seer T~ ~ &7 ’ a0 |
éauo 3 %
8300 3 E30 |
S
200 | oo |l
100 }
10 F
Il oad 0% | oad 25% dﬁniﬁnﬁ(&s’nd 75% | oad 100%
. Oa o
N Load 0% Load 25% Load 50% Load 75% Load 100%
800 r DI 10, 1| oad(%)
GO
700 |
— ———— /‘
600 - T~ JRe 50 |
- ~. ,
500 F \\‘\~,", a0 |
Eaon | £
Qzoo §3U [
—— BTDC 18° £
200 1 -+ BTDC 22° 20 r
[Le o o BTDC 28~
10 |
o]
Load 0% Load 25% lLoad 50% Load 75% Load 100% o
BDF 10. Load(%) Load 0% Load Z5% Load b0% Load /5% Load 100%
800 HDE 20 | cad(%)
o | sor
A
soo | P R , so |
rs ~ - L
500 | ~ -,
— ~ - ‘/ 40 F
g€ a00 | =]
2 S0 |
= 300 | gjo
—e— BTDC 18" =2
2001 —A- B ILC 22¢ = r
100 F BT C 28°
10 F
o
Load 0% Load 25% Load 50% Load 75% Load 100% o
BDI™ 20. Load(%) Load 0% Load 25% Load 0% Load /5% Load 100%
800 ¢ HDE 30, | oad(%)
700 | . . . . . .
R “a Fig. 7 Soot emission characteristics on various of
soo } —— A
a~ = 4 . .. . . . .
T ~a
s00 | ~ L7 biofuel injection timing and biofuel ratio at
~
~ rd
— - —a
5400 i 1,800 rpm
Saoo |
—e— BTDC 18°
200 - BTHG 72° =
- Al A 100% Rakold Tl Bol Z7hetge
100 BTDC 28°
o B, B ol AR MEAE QReA 7
Load 0% Load 25% Load 0% Load /h% Load 100%
BDIC 30. Load(%) Sk= L}ﬂ'l’H (}i]:], BTDC lgooﬂ }\.] H]—O]_,_

2GS
Fig. 6 CO emission characteristics on various of AE HEL 7A34t BTDC 2200 A nlo] L
%7]—1\]7]{5 7d%-oll BDF10 -1.04%,
.64%, BDF30 -3.62%% 743t 7

biofuel injection timing and biofuel ratio at A=Hg

1,800 rpm BDF200]| A

X [UIO

34 SYAARIZEYX] X253 M5z, 20214 10



&S Yl 9tk 18l BTDC 28°9A=
BDF10 -2.75%, BDF20 -5.32%, BDF30 -6.68%%
ZHadtE AEgS Holx Ut} Hlole A8 EA}
A17] BTDC 22° 7]&ol 4 BTDC 18°¢] 4 H}o]Q
AzH Lo wWE DF 9.62%, BDFI0 9.26%,
BDF20 8.41%, 9.39% 37}t ™, BTDC 28°°]
e F7HAI1E 5ol uHlolR dF BDFI0
-1.36%, BDF20 -2.73%, BDF30 -3.82%% DF
-41.31%, BDF10 -42.33%, BDF20 -43.50%, BDF30
43.18% A TAHAJS ditsiebaes AR
YA E A&7t 257 ol a, EF84
Air= A5 F7] £do] EGAS Fo] &
Astm, nF3sF FHoA thA] FUheoh SFA| R
B3t 715%0 A= A8 a8]E0] 7P Yol &3
Az 93 JAFErs wjEEo] M FHAA Y
g A7

ol

3.5 Di24(Soot)

Fig. 72 " wi7lwi&Es 2z ola,
AzH o] FU/etAS A, vidmE
e A JERAT =S Hlol e
A7l A= vl AEES YER
5 BAAY] 14 & ASE
o2 Yehfa itk

BTDC 18°0|A4 Hlo]Q Ag HE&S ZJA 7=

74§l Ho]le W& BDFIO -4.42%, BDF20
-7.28%, BDF30 -12.98%% 743}ttt BIDC 22°
oA wHlele ABHIEE FUMAII= Aol
BDF10 -14.49%, BDF20°l4 -23.91%, BDF30

27.82%%2 ZFASeE AEES YR ok g
I BTDC 28°°14+= BDFI0 -4.13%, BDF20
-29.31%, BDF30 -40.52%2 Z4dl= 3¢S Ko
I 9tk Hlele AR BAMAZ] Az A
BTDC 22° 7]ZFoll4 BTDC 18°°1A Hlo]e Az
Bl g wWE DF 1.59%, BDFI0 13.56%, BDF20
23.81%, BDF30 22.49% %7}3}%21, BTDC 28°
oA DF -1594%, BDFI0 -5.76%, BDF20
-21.90%, BDF30 -30.72% =LA 7+43l4 T} vio] 2

[<]
amEEol A st

al
Aa71zke] ojn Akrztol
e M Ao Az
4.4 E
Aol A ol duHE B Holo A=
BAAANE 2] IR olES P

o] =R dATFIAeH, Hreds Eo17] A%
W7 EE #HFHo 2718 ol 7|E Azl
& 7St E 724 d7AR B8] HA
24 stk B Agdde vlo]ds A4 %
AR HTY Y 3 ALHE IA 37}
ARLH &L P37 F7lstEA A

she ZdEkolm, dAs4n]
&2 ol EFHIEo] FUkstHA ekt Frtet
A3, FEAAZ] W] mepx AsARES

BTDC 18°o dA3sAl <kt F71 2 BTDC 28°

A&t Aoty vlole A8 ARg g H
& A7, EAAIZ]IE BTDC 2~4° ZA 3}
o

+7o] 7hsstttal AzE
2) AAASEL Hlo]lQ AzH| S wEli A
TAA 7] Wit s YA Fvbste A
& 4= AATH E=3F BTDC 18°0A4 Hlo]Q A
FHE WE 15.6%=2 Z7}34a, BTDC 22°9]
A= 10.03% =7}, BTDC 28°9 A= 2.61% =7}
3t th oA nloledsd EgE 4bAaAE
ZSAI71E o WEA She A4 47|10
F7F FUtE ASE AZHET

3) YakslelaEs Hlole A8 EALAIZ] BTDC
22° 7]ZolAl BTDC 18°°lA] Hlo]Q HAFH] S
w2 DF 9.62%, BDFI0 9.26%, BDF20 8.41%,
9.39% 7kl em™, BIDC 28°°14+  DF
-41.31%, BDFI10 -42.33%, BDF20 -43.50%, BDF30
43.18% A Ak

4) AL vlole AE EAAY] A7 A9
BTDC 22° 7]Z°A BIDC 18°0A] Hlo|Q AR
H| & W& DF 1.59%, BDF10 13.56%, BDF20
23.81%, BDF30 22.49% %7}sl9oH, BTDC 28°
olA= DF -15.94%, BDFIO -5.76%, BDF20
-21.90%, BDF30 -30.72% =LA 74393 th.

tlo

SYA LRI YK H253 H5Z, 2021 108 35



CI&7|22| Soybean—0Oil EfE H A= ZAMAIZ| BEIt Hi7|HIES S0l O|X|

Author contributions

S. H. Han; Investigation, Formal analysis, Data
Visualization. S. G. Cho;

administration, Supervision, Writing-review & editing.

curation, Project

References

1. Renewable energy policy network for the 21st
century.
(https://www.ren21.net/gsr-2020/pages/summary/s
ummary)

2. S. K Han and J. Y. Kim, 2015, "Scenario-
based Design and Life Cycle Cost Analysis of
Energy Supply System for
Sector", The Korean
Engineers, Vol. 53, No. 2, pp. 164-173.
(https://doi.org/10.9713/kcer.2015.53.2.164)

3. Z. A. Khan, A. Saeed, O. Gregory and A.

Ghyafoor, 2016, "Biodiesel performance within

Transportation

Institute of Chemical

internal combustion engine fuel system- a
review", Tribology in Industry, Vol. 38, No. 2,
pp. 197-213.

4. S. H. Baek, J. H. Yoon, W. S. Jung, H. S. Ha,
S. S. Chung and J. K. Yeom 2014, "Estimation
of the Exhaust Characteristics of Biodiesel Used in
Diesel Engine", The Korea Society of Mechanical
Engineers B, Vol. 38, No. 2, pp. 129-137.
(https://doi.org/10.3795/KSME-B.2014.38.2.129)

5. B. B. Lee and J. W. Lee, 2021, "Power Routing
Modeling between Renewable Microgrids Using
Simulink Power Modules", Journal of the Korea

Society for Railway, Vol. 24, No. 2, pp. 143-155.

36 FHAA™IURA H253 52, 2021 104

Al
=

rr
0

= el

6. M. G. Choi, K. W. Rho, J. C. Kim and J. P.
Cha, 2021, "A Study on the Energy Efficiency
Prediction Model of Electric Vehicles Using
Numerical Simulation", Transaction of the
Korean Society of Automotive Engineers", Vol.
29, No. 3, pp. 211-217.

7. J. H. Park and J. D. Kim, 2021, "A Basic
Study on the Airflow inside the Tower of
Solar/Wind Hybrid Power Generation System",
Journal of the Korea Society for Power System
Engineering, Vol. 25, No. 1, pp. 43-48.

8. M. H. Kang, K. N. Ko and M. Y. Kim, 2020,
"Application of WRF-OML Model for Offshore

of the
Korea Society for Power System Engineering,
Vol. 24, No. 6, pp. 108-115.

9. C. K. Seo, 2021, "Effect on TiO2 Addition of

the Durability of Cu-SCR Catalysts for Nitrogen

Wind Resource Prediction", Journal

Oxide Reduction", Journal of the Korea Society
for Power System Engineering, Vol. 25, No. 1,
pp. 70-77.
10. J. H. Choi and S. G. Cho, 2020, "A Study on
the Characteristics of Exhaust Gas Emission by
Biofuel Ratio and Biofuel

Temperature in Diesel Fuel", Journal of the

Changing in

Korea Society for Power System Engineering",
Vol. 24, No. 2, pp. 94-102.

11. P. Zeman, V. Honig, M. Kotek, J. Taborsky, M.
Obergruber, J. Marik, V. Hartova and M.
Pechout, 2019, "Hydrotreated Vegetable Oil as a
Fuel from Waste Materials", MDPI, Catalysts,
Vol. 9, No. 4.
(https://doi.org/10.3390/catal9040337)

12. S. H. Jang, 2012, "The Characteristics on the
Engine Performance for Variation of Fuel

Injection Timing in DI Diesel Engine Using

Biodiesel Fuel", Journal of the Korea Society

for Power System Engineering, Vol. 16, No. 3,

pp. 16-21.

(https://doi.org/10.9726/kspse.2012.16.3.016)



	디젤기관의 Soybean-Oil 혼합율 및 연료 분사시기 변화가 배기배출물특성에 미치는 실험적 연구
	Abstract
	1. 서론
	2. 실험장치 및 방법
	3. 실험결과 및 고찰
	4. 결론
	References


