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Abstract An experimental study was performed to compare the characteristics of the combustion pressure and exhaust
emissions in the case of using pure diesel when the EGR rate was changed in a CRDI 4-cylinder diesel engine with
those using biodiesel blended and pure diesel fuel. In this study, the EGR rate variation were conducted at an engine
speed of 2000rpm with fuel with a biodiesel blended rate of 20%. The combustion pressure of the biodiesel blended
rate 20% and pure diesel fuels decreased with increasing EGR rate. The IMEP of biodiesel was higher than that of
ULSD (Ultra low sulfur diesel). The emission results showed that the NOx emission of biodiesel blended fuel with
increasing EGR rate was higher than that of ULSD. In addition, the NOx emission of biodiesel blended and diesel
fuel decreased with increasing EGR rate. The CO and soot, CO, emissions increased with increasing EGR rate, and
the CO and soot emissions from the biodiesel blended fuel were lower than that of ULSD but the CO, emissions

were higher.
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pressure(IMEP)
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[Fig. 1] Schematic diagram of experimental apparatus+*
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[Table 1] Specification of test engine
Item Specification

Engine type 4~Cylinder turbo DI
BorexStroke(mm) 81x96
Displacement(cc) 1979

Injection Procedure 1-3-4-2
Compression Ratio 17711

Max. Power(kw/rpm) 82/4000

Max. Torque(Nm/rpm) 260/2000
Max.Speed(rpm) 4500

Fuel injection timing ECU Control

Fuel pressure(MPa) 145
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[Table 2] Property of diesel and biodiesel fuel

Characteristics Diesdl Biodiesel
fuel

Flash point(K) 3427361 45
Kinetic viscosity 28517 499
(mm’/s@313K)

Pour point(K) -29% -284
Sulfur(%) 0.005 0.001
Specific gravity(283K) 0.8269 088
Calorific value(MJ/Kg) 4396 39.17
Oxygen(wt%) 0 11.02

[Table 3] Experimental and operating conditions

Engine speed(rpm) 2000
Torque(Nm) 30
Injection timing ECU control
Cooling water temp(K) 343+3
Intake air temp(K) 2933
Diesel(%) 80
BD20
Biodiesel(%) 20
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[Fig. 2] Effect of fuel used and EGR rate on the
combustion characteristics (a) Pure diesel, (b) BD20



A &ee =R A5Y A6E, 2014

0|9} e A= vhol oA T AA Ulol Ft
4B EHI 9o, £ bt 04 dsn ]
ahitel W717ksE A 8 selw urlskse] ol o

it A3 %@01 o drsd 3¢ e a2

15.7(%) t}ﬁa}% Afe qu Fi
= 3(/?4@#431553
ar ek 019} 7ro] BDR0o A Sk go] =7
= Aol slai 4 gl Sk

ig. 2(b)oll A
) Z713)
Foh= ol

o7 wolt}

>i

3.6

Engine speed : 2000rpm «® Pure diesel

3.4 | Torque: 30 Nm = =BD20

Pmax(MPa)
«w
~n

s‘\
3t \

2.8 L L .
0% 10% 20% 30%
EGR rate(%)
(a) Peak combustion pressure
0.3
Engine speed : 2000rpm «® Pure diesel
025 | Torque : 30 Nm - -BD20

IMEP(MPa)
=)
~

0.15
- < o _ - ———
0.1 1 1 1
0% 10% 20% 30%
EGR rate(%)
(b) IMEP

[Fig. 31 Effect of fuel used and EGR rate on the
(a) Pmax and (b)IMEP

Fig. 3& o] & 0539} BD209] EGR&°] W& a4 3
I 48y =AFE & 4ES Jehd 2ol
Fig. 3(@)9] A4 5]3’_ 4e& B oA A5 BD20 2
T EGR&o°| 7} &45 vt AFS e gle

3386

ol
-

5
o
o
N
N
ok
b
a(i
}1_1

e
&
o
o
SN fo
N
)
=5
B{il
=~
X
E)
My od
o P
=2
o H
¥

)
o,
2oz o
ol
ol
ol
o
(o
at
1o,
ol
ol
2
‘Q,

o b r;
ﬁ ik
o

=
=)
g

o X
e
s
jus)
_‘—\51'” mﬁ—[m
N 2w
5 o 2L oM
;mrlri
%:10 re
nquO" o
o 8

I

W o
:Lrﬂ
SEZ
o 2B
g o
S
r1ou
B oo

tlo oft 2

1t

o
=)
=)
2L
=
)
12
re
il
=2,
>
rlr
v
[
Ho
S
By
rir
oM.
o

Holal g

=
&

HA
o

BD20¢] EGR&ol W& A3} ghe
H]3) Hat 39% A% = e
Fol o T]ALf A o
271l w77k EfHge] F

1] ] g Aol

|
Helth

mé
é_‘a

=
=
e 9o
ol ‘1)‘ o o
2
e or
fl

1‘
22
fy
of
o2

z 3
QL
2
b1
re
[

o o
2

o e fo rIr
oz
2

N

o flo
32
rir
2"‘4
o

2
39,
([

*HUU:

= ol

=)

ol
——
L
)
£
i
il

3.2 AIBA=0| ME Hi7| £

Fig. 4= v Ao} u}o] oud E3H BD20S
7} AHgske] EGR& Wisks F2le o wi717hs &
S4E Hehd e el
“LEf el A K= whe o] £ g R EGREl 57t
s AR A%E vehia gl

t4 A5 BGRE©] 10, 20, 30(%) 57t o) z4z}
02, 04, 04C0)FFastaL woletjd &g BD20&
EGR&°] 10, 20, 30(%) S7Fe o 27} 0, 04, 0.6(%) %
adhs 208 HERgh E3E Hlel e A &3 BD20
of YA izel vlal] A vehdar Qs ol gt
ot AR7E Gl @ Ao HAITh

o

=
=
<

Engine speed : 2000rpm <0 Pure diesel

-
o0
n

S | Torque : 30Nm « =BD20

Exhaust gas temperature(K)
=
N
=

——
45 L e o _
-~ o
—¢—-—=—0
440 : : :
0% 10% 20% 30%

EGR rate(%)

[Fig. 4] Effect of fuel used and EGR rate on the
exhaust gas temperature



ARG Y 7| oA Hpoletd 3 AE2% EGREC] A4 W vi7|EA WA= FF

Fig. 5(a)= dAatsiera wj&7k~ 5A4S Jebd L
ot} g Zo|q B EGREo] 57} 4= %
F9 BD2 T 95 BT datslekh wjEae] St
o2 uvehdth td dAzeld EGRE&°] 10,20,30(%)Z
Z7ve w), 2} 91, 189, 24.1(%0)F7Fal o1, BD20ell
ME EGRE°] 10, 20, 30(%) 2 Z7+e ul, 22+ 19.3, 33,
395(%) 57 ettt olef e Axz Hol wjy|7f2v)
A sFA Ed7tT w4 wEFol Sk A
o= woln Auger kit 3HE BD20S HA
gl nle) wiEo] g Ao Helth Fig 5bh)e
olxtsleka W&Vt BAE UERd g zoly|, e
oM B F A8 BT EGR&] 7142 Flshe
Aoz Yo EGRE 0, 10, 20, 30(%)= =7} uj
BD20°l A 2.9, 23, 0, 1.7(%) t A wi&5 9l
ol 7|7k Ae#Eo R 3| F olatsiera Fako
S7IE Qe 718k Aew dvdt)

[l
e

o
=

350
Engine speed : 2000rpm H Pure diesel
Torque : 30Nm = BD20
250 |
=
B
&
=]
&}
150
50
0% 10% 20% 30%
EGR rate(%)
(a) CO Emission
9
85 r Engine speed : 2000rpm H Pure diesel
8 F
7.5 | Torque : 30Nm = BD20
7 F
~6.5
6}
S'ss5
O 35|
4.5
_' -
35
3 F
2.5
0% 10% 20% 30%
EGR rate(%)

(b) CO; Emission

[Fig. 5] Effect of various pilot injection timing with
EGR rate on the (a)CO and (b)CO; emissions

Fig. 6(a)= daatste WiE7ks S48 el 1
o}, el ZellA K= kel o] T disel BD20
F 98 ¥ EGRE&0] 7t d5 WjE ol ik
S vepdith T Aol BD209] S-S v als)
 EGR 0, 10, 20, 30(%)°lA 2+ BD20?! 785 7.7
6.25, 65, 77(%) t &7 wjEd Aoz wol a2 1

o=

ol A akskad A4 230 ¥ 534 A

fz

2

e

Fig. 6(b)= "¢ #l&7k= 545 vehd e Z2A
EGR&©] 57} &5 1A 59} BD20 25 S7Fehs
Ao e
A Aseh BD20S] iz dE vlars] By EGR 0, 10,
20, 30(%)°1 41 7k} BD201 745 148, 166, 182, 81(%)
A Aol el A7 wiEd Ao et o3&
Az AA el Fita7h £3E BD200] 24t 9241
Aksh 2ol v dmel visl v F7] whiel vz ol
e Aow A,

0 r Engine speed : 2000rpm u Pure diesel
Torque : 30Nm m BD20
§190 -
£
v
Q
4
140
90
0% 10% 20% 30%
EGR rate(%)
(a) NOx Emission
5.5

5 | Engine speed : 2000rpm u Pure diesel

45 | Torque : 30Nm = BD20

'
T

Soot(%)
w
n

0% 10% 20% 30%
EGR rate(%)

(b) Soot Emission

[Fig. 6] Effect of various pilot injection timing with
EGR rate on the (a)NOx and (b)Soot emissions

3387



A=A71E8 8] =2 A A1 A6E, 2014

4. 4

rhu

B A7 494 Aol F 4390 AL 04 7]
ol 4 ol B8 £ ARl EGRES] W7} 7]
9 9 54 8 W1 AS T A 9

mlo
Og‘ﬁ-”
ol
2
(o
2
%
i)
m
flo
mﬁ mlo
mlo
e
o

otele EGRE©] 10, 20, 30(%) & F7} &=
Zol A= 9.1, 106 10.9(%) BD20I 4= 1.2,
43,102(%) A&t on, d TAse fd A8
oA 09%Z7} 12, 157(%) 745t BD20o A=
31, 55, 83(%)5 7= Aoz ey
2) A4 H1YHL EGRE0] 371842 gAd g
9} BD20 BEF #Aadhs 438S n3on EA] 3
T & e g dgo) vl BD0oA 3

3) drkslekas wiE 542 EGR&°] S713r % 71
sk A3 vehiloH, b 1gel vl BD209]
HjE o] AtfA o2 zglt. o)iksteks wjE 54
< BGR&°] 571 @55 57t si3len, 0d A=
of ®ls} BD0oIA Z7 = wiEE A
A AEE WS 542 EGRE&o] S71E45 1)
SiFo] grolxom A Axol vlsl] BD20<] &
Fo] JH oz tha =4 ME=HAk
vl vjE7ts EAS B EGRE o] S84
= wiEERNLe BDoIA tAd Age] s
SHA S QAT

4)

References

[1] J.A Lim, Y.I Yoon, S.C Nam, S.K Jeong "Post-combustion
CO;, Capture with Potassium L-lysine”, KAIS Vol. 14, No.
9, pp. 46354642, 2013

[2] H. Yongsheng, BB. David, L. Shuguang, J.P. Micheal and
L. Jianwen, "Opportunities and Challenges for Clended
2-Way  SCR/DPF  After-treatment  Technologies,”
SAE2009-01-0274, 2009

[3] Young Taek Seo, Hyun Kyu Suh, Chang Sik Lee, “Spray
and Combustion Characteristics on Biodiesel Blends with
Diesel Fuel according to Split Injection System”, 2007
KSAE fall Conference proceeding, pp. 638-643, 2007

[4] S.K Yoon and N.J Choi, "The effects of partially premixed

pilot injection timing on the combustion and emission

3388

characteristics in a common rail diesel engine”’, KSPSE
Vol. 17 No. 6, ppl&824, 2013.

[6] SC. Kim, "A Study on the Characteristics of Fuel
Consumption and Emissions of Diesel Vehicles Using
Engine Coolant Flow Rate On/Off Control”, KAIS Vol. 14,
No. 5 pp. 2069-2074, 2013.

DOI http://dx.doi.org/10.5762/KAIS.2013.14.5.2069

[6] DY. Chang, JH. Van Gerpen, "Determination of
particulate and unburned hydrocarbon emissions from
diesel engines fuled with biodiesel”SAE paper, 982527, 1998.
DOL: http://dx.doi.org/10.4271/982527

[71 A. Demirbas, "Relationships derived from Physical
Properties of Vegetable Oil and Biodiesel Fuels”, Fuel, Vo.
87, pp. 1734-1748, 2008
DOL: http://dx.doi.org/10.1016/j.fuel.2007.08.007

[8] CS. Lee, SW. Park, and S.I Kwon, "An Experimental
Study on the Atomization and Combustion Characteristics
of Biodiesel -Blended Fuels”, Energy&Fuels, Vol. 19, pp.
2201-2208, 2005
DOL: http://dx.doi.org/10.1021/ef050026h

= 4 7](SamKi Yoon) [H35]9]

20059 89 Eas )
st (B4
¢ 1997 29 ~ A : F=AY

<ByEop>
et e 4 A R g as

N

| 4 B (NagJung Choi) EEE

e 1995%1 8¢ @ sguistaw A
Ft (Fhuab

¢ 1903 39 ~ &) : ARt
71 A A

<ol
R R o R ECEY




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


