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An Investigation of Effects of Fuel Stratification and
Cooled EGR on DME HCCI Engine’s Operating Ranges
by Numerical Analysis
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ABSTRACT

Homogeneous charge compression ignition (HCCI) engines have the potential to provide both diesel-like
efficiency and very low emissions of nitrogen oxide (NOx) and particulate matter(PM). However, several
technical issues still must be resolved before HCCI can see application. Among these, steep pressure-rise
rate which leads to narrow operating range of HCCI engine continues to be a major issue. This work
investigates the combination of two methods to mitigate the excessive pressure-rise rates at high power output,
namely fuel stratification and Cooled exhaust-gas recirculation (Cooled EGR), after identifying the each effects
to pressure-rise rate. When applying the fuel stratification to simulation, total fuelling width of 0.15 at BDC
is set as a equivalent ratio difference based on the previous research. In order to simulate the effects of
cooled EGR, CO, mole fraction in pre-mixture is changed ranging from 0 to 30%. DME which has a
characteristic of two-stage ignition is used as a fuel.

KEY WORDS : HCCI(l|&3}4}712}3}), Fuel stratification(5 =4 23}), EGR(¥H7]7F228H1 %)), Pressure-rise
rate($E oE), DME(t] W € o H| 2)

Nomenclature EGR : exhaust gas recirculation
DME : di-methyl-ether
HCCI : homogeneous charge compression ignition LTR : low temperature reaction

HTR : high temperature reaction
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Fig. 2 Mechanism of fuel stratification.

Trans. of the Korean Hydrogen and New Energy Societ(2010. 4), Vol. 21, No. 2 131



SE=dE35+%2 Cooled EGROI DME HCCI o

O w2 K
i
o
i
1o
l
HE
Ny
o
=

ro,
ey
)
(r o
N
Rl
=,
™
[
dp
bl
g
B
=
RS
£

=
rlr
N
=
e
o2 ¢
A
=
ir
oo
N

N

o

=]

D

S
Eﬁz

H o
oX,
N
)
i
rio
53

| :l

+ ﬁ
- L
N
i
FN
oY
o

tlo ot to

ol
5

SEoaC off rir lo H1 lo de
P
N,
2
R
v
rlr

3

Zone 1& zone 28t} 3)ukal7] wj&ol] %7] &
Ao QFEE gfo] Zowg [ TRY WA
A% o] w21} Zone 19] LTR 4 2 Aol = zone
19] %7} zone 29 X HT} 102K 21 &
Aol 1.35deg WA dojdrh. shA|RF LTReA 2
AE o] HTRO WA XA 7o we} 33t
zone 29| =7} w27 &3t} Zone 22 HTR
b A Ao = zone 19 X BT 385K AA 1
HTRe®] 396deg | A TAZTE = AT W] 4
710l sx AFs7E A 45 LTR 7131
A e dofl ofa) 28] Fo] SrbEwA HIR
A Al o] ikl whel it Ao E I
ojurn= ¢tg dsEo| AfHrt

=)
=

=
[e)

3.2 Cooled EGROI &= &80l OIXlI=

[0 ko1
oo

Fig. 3¢ EGRUY CO, & Ego] wa Ho ¢

2 8o MEE vehd Zolth €O, B B&ol
R o 45E Al A zzur—t« av. 5

E}Bu O 1xﬂ7}ma glom,
CO= l 4 AR 2R dad st

132

o] 2HES

0.5 -

0.4 -

0.3 S

0.2 -

0.1 -

Max. Pressure Rise Rate [MPa/°CA]

0 T T T T T
0 5 10 15 20 25 30
EGR(CO,) More Fraction of Intake Charge [%]

Fig. 3 Relationship between maximum pressure rise rate and
the more fraction of EGR.

33 st &322 Cooled EGRO SAl &
A 948 4sSE0 0IXls Y

Fig. 45 5% 45389} EGRe] 41814 ¢k 7

-(NoFule+EGR0), 5% AZ3lut &8t Ao

73%-(Fuel+EGR1 ~10%), ZE &<l 7 $-(motored)l]

el b8 Axolth 5zone ZdoA o &3

719 & AFsE Ao, 453 %2 015

4
= NoFuel+EGR0
= Fuel+EGRO
5 34— FueHEGR1
o Fuel+EGR2
E = Fuel+EGR3
0 9 — Fuel+EGR4
3 — Fuel+EGR5
® | — FuerEGR10
P = Motored
o 1
0 I I 1
-40 -20 0 20 40

Crank Angle [°CA]

Fig. 4 Pressure traces for EGR more fractions with fuel strati-
fication. =0.25, 750 rpm, T0=400K, CR=S8.

=4 @ A0UXISE =28 M212 H2E 20109 42



A Misfire
® Operate
4 Knock

>
>
>

717} 4t

-?'jl—

p & & o

*
EGR 20%
*

04

0.35

+-
EGR 30%
*
*
>
g
*
*
*
*
*
*
A

03

o, o] Az uA
1 21t} Cooled EGR20%

o

=
o

0.25

vm\.‘.\.....

b (') o @

0.2
Equivalence Ratio [

o] S AL FAl o&

0.15
o] o
3]

A

470

460 9
450 9
440 9
430 9
420 4
410 4
400 4

Wu%%ﬁﬂmm
= — T
mldMVﬂ%g}L
LlM.»;oﬂH B
m@@mmﬂ‘%ﬂur
= = g P
P LS
oo F L ©
o3 B No o X T
ol o B O &
G TR
BE o T . o
o T do A oy
Loy B 2o o
7@%@A = o)
N Hﬁﬁztn_m._
gy oF
[Ny )
ﬂwﬁfrd'anwm
oo B
ay = No oF %o i
ﬂﬂmﬂoﬁoEﬁT
o R W HooR

350 4
340
330
0.1
&

360
Fig. 5 Operating ranges of homogeneous, fuel stratification,

EGR20% and EGR30%.
single-zone model's-3ll 213141 gt CO2 =

ge e o] 7t

=

2t
2
@ 4
o]

2

7] 2% 3o
7} 1000K

o] As}7}
Eng7} HCCI

L
L

fLN

=

S

g Wstol o

)

o

7

&

St RI

1

&
Tl

=
=

}

19] 2MEH Hiu

—

o

X
o &
s 271 ol

<)

—_

]

R

o
A

DME/Aire] &1 <}

A

2 M ringing intensity(RI) %] 5SMW/m

EGR®] 712 2 3H(fuel*EGRI0) S A 71 =
DME HCCI ¢l

stol HTRe| 24

3.4 DME HCCI

Fig. 5

goz ol 4 ©2

z‘sl,
u}
o]

A+

©

L
o
o

ofJ

maximum pressure rise rate

(dP/dt)max

w7
133

L=
d-=

oA vebd &
&

e

al

il

il

Z3}9} Cooled EGR

o

i

[e]

R

g

p

.

3

0]

o] 5%7} EA
No. 2

a1tk Cooled EGR

o)
=

o B 8
3} )i

=

71l

single-zone
=3t

[e]

o] Azl uf

bA, AEG7I7E

3%

H
B
=

0.15 t.

]

Sz
=

=

=

gl

L

T A5
[¢)

. gas constant of air

2 7}

Tmax : maximum temperature: Cy/C,

Pmax : maximum pressure

Trans. of the Korean Hydrogen and New Energy Societ(2010. 4), Vol. 21,

model & &



J.E.Dec, “Isolating the Effects of Fuel

1) M.Sjoberg,

Ho 4 quﬁrmﬁ@%aaaﬁ o Mo WO Emﬂ%mﬂm i
~ O W — — T J— ) Z0 I~ . .
g2 Fribric brTiest Zibzes, e
o % = o R0 TN o o I 4y r — o = O o oW <7
X B wo W H B ) o|/ 5
= T TRt srae wmmI_Tay YT IdTEER T %
o N = = —_— < }
o) O R e TRR B wn AL R T
o ) . oL O e o B S n TR ~ hortl
TEW Moz gl g5 oD TRCIN - T X
= 0T g o o TR Oena W o WEFTEH o o 5 N
75 B il R T H o B — N g ) 5 = oy B B NG
2L FEPERIEY S£FplIit TuZiTER R L2 B
D‘m T <0 HE]A 0 0 LB‘WX ) jat g 0 - ﬂ.”ﬁﬁ
P el H%W%ﬁ%% m%éﬁ@m% T oo
X — = i = X
FET FEIRTEITLT FToo XBwe gwwTEL e
" @ T oy Y — = .t B ﬂuﬁregeweﬁﬂﬁut lo.ﬂlo@o17r1r7 H < <
! h —— T e
tFgF oW Log EED wgebius SasTomw ok TToo g
WEE BR T ON o MR o = ﬂ%%%%ﬂ% S %
mETOE BRIVERST EpTgmbe @mORT g 0¥ s
[ ~ =0 - Ko o
I %ﬂ%%i%Nue,%m%ﬂﬂﬂ%%arx ;aﬂﬁnﬂa% WJA%
Tle ™ WMo T oo R SN N TR P T LR T o
Rl 2 ®  prammgommXr SNed ¥ 3 1 b b 3 K T T
< MHs 4 S > o) oF
. e B WO o T M T MR TR R B RO
HHEE THIHE g Pz Mpedamyaaney
kil ® 655t @ TR m Ot X m g LT W RS
<o |28 ~ . A».W»p»um&»»l.\ »»»»» . = e 7o E o Mo JJ % No 5 s o~ Br
2 - + T3 ﬂ#@ﬂ@zz%ﬂﬂw@%wﬂ#%
0 WQQQQQQOAAAA»M = Eﬂd..LlEﬂ,o'EﬂﬂueﬂlﬁLmﬂﬂL
L5 : - ko e Twps yitsWE
heeeoseoe ittt ¥ pm w MM 1y m//u > = I oy o] e ~ s ~
- kd _ - £ = W B <Ny
0= 0 ] | o= s oo Ho— 3 My g gr 9 X N %7
S ¢elheeeeeld« it aqiards & < oAy X9 mo I+ mo To BO ~— No
M T R . _l OM = U ﬂ_v Oﬁd o) oL OL A_OI ~ ‘_&q 70 o OT_
8's <% 3 — I &R T e
popeReesEEEREEeerit © SR pRSeetmougdD
;z.m .QQQOAAAAAmA@M A;m.m 5 dm M Mﬂogﬂuwwﬂ%%ﬂ% ﬂ,ﬁ iooﬁz_.emu
o " H z—m. g B = % i i il o,Dl.o o
. TN e ¢ %W%m%%ﬁ%%?%%%mmo%
I .AAAAAAAATAAAA*M mm JI,.__/uL:xd_ﬂuﬂ_J_/vLA‘%ﬂo_e‘.rm.m&uwmmmoﬁ
o %m T N oo oW N M o_m o_m L.Eu],_o ﬂrGJmM
*3 Frrrreeeaets O oo o i T ) PTG e o
3 588325383858 88383 b oo T N T 9 T B oo O o I T X
DA aimesadusaL yesy 4] aimesaduay. axeyu & T2 HTRTRBTETTAFENTERNT W

2010¢ 43

=1

3 =28 H212 w2

134



2)

3)

4

Trans. of the Korean Hydrogen and New Energy Societ(2010. 4), Vol. 21, No. 2

b

S -

Chemistry on Combustion Phasing in an HCCI
Engine and the Potential of Fuel Stratification
for Ignition Control”, SAE, 2004, 2004-01-0557.
D.W.Jeong, O.S.Kwon, Y.S.Back, O.T.Lim, “Predi-
tion of the Viable Operating Range of DME
HCCI Engine Using Thermal Stratification Based
on Numerical Analysis”, Transactions of the
KHNES, Vol. 20, No. 4, 2009, pp. 344-351.
S.WKim, M.YKi, Y.Lee and K.D.Min, “An
Experimental Study of EGR Effect on Reducing
the Noise of CAI Engine”, Transactions of KSAE,
Vol. 1, No. KSAE08-S0006, 2008, pp. 37-42.
AE.Luz, F.Rupley and J.A.Miller, “CHEMKIN-II:
A FORTRAN Chemical Kinetics Pacagefor the
Analysis of Gas-Phase Chemical Kinetics”, Sandia

. O
=]

5)

6)

7)

| S EH
==

National Laboratories Report, SAND, 1989, 89-
8009B.

A.E.Luz, R.J.Kee and J. A Miller, “SENKIN:A
FORTRAN Program for Predicting Homogeneous
Gas Phase Chemical Kinetics With Sensitivity
Analysis”, Sandia National Laboratories Report,
SAND, 1988, 87-8248.

H.J.Curran, W.J.Pitz, C K. Westbrook, P. B. Dagaut,
J-C Boettner and M. Cathonnet, “A Wide Range
Modeling Study of Dimethyl Ether Oxidation,
International Journal Chemical Kinetics”, Vol.
30-3, 1998, pp. 229-241.

J.A Eng‘“Characterization of Pressure Waves in
HCCI Combustion”, SAE, 2002, 2002-01-2859.

135




<<
  /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


