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The Effect of T90 Temperature on Exhaust Emissions
in Low-temperature Diesel Combustion

Manbae Han"

Department of Mechanical and Automotive Engineering, Keimyung University, Daegu 704-701, Korea
(Received 9 August 2010 / Accepted 28 January 2011)

Abstract : This study is to investigate the effect of the distillation temperature in ultra low sulfur diesel fuel on exhaust
emissions in the low-temperature diesel combustion with 1.9L common rail direct injection diesel engine. Low
temperature diesel combustion was achieved by adopting an external high EGR rate with a strategic injection control.
The engine was operated at 1500 rpm 2.6 bar BMEP. The 90% distillation recovery temperature (T90) was 270°C and
340°C for the respective cetane number (CN) 30 and 55. It was found that there exists no distinctive discrepancy on
exhaust emissions with regards to the different T90s. The high CN (CN55) fuels follow the similar trend of exhaust
emissions as observed in CN30 fuels' except that high T90 fuel (CN55-T340) produced higher PM compared to low
T90 fuel (CN55-T270). This may come from that high T90 plays an active role in aggravating the degree of fuel-air
mixture preparedness before ignition.
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Nomenclature 1. M E

ATDC : after top dead center A7), 2EE& D A o] kst e A vjE X s
BMEP : brake mean effective pressure, bar L 95to] Al A 7| Fof| A thEe] v 7] 7k Al
BSFC : brake specific fuel consumption, g/lkWh <=3Hexhaust gas recirculation, EGR)¥} 119}2] A&
FT-IR : fourier transform infrared spectroscopy BA} Al2~el 2 BALA 7] Ao]E o] 8ELo] ARAY
LHV :lower heating value, MJ/kg & (particulate matter, PM)3} & A4F&}E(nitrogen
MFB  :mass fraction burned oxides, NOx) 2] Bl && S Aldl Eol& A& tjd
T10  :temperature of 10% distillation recovery, °C Z~(low-temperature diesel combustion)®l] ¥3F 157}
T50  :temperature of 50% distillation recovery, °C gars}e) o

T90 : temperature of 90% distillation recovery, °C &A1 t]d < ~(conventional diesel combus-

tion)o| 1= PM-NOx E#|©]=2 Z(trade-off) &
o] muEoight]” AL O il 7]E
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Table 1 Engine specification

Cylinder 4
Displacement [L] 1.9
Bore [mm] 82.0
Stroke [mm] 90.4
Compression ratio 17.5

Piston geometry

Bowl-in-piston

Valves / Cylinder 4
Injection system Common rail direct injection
Injector 7-hole, 148°
Injector location Centrally mounted
Rated power 110kW @ 4000rpm
Table 2 Fuel properties
Fuel nam CN30- CN30- CNS55S- CNS55S-
LI 1 a7 T340 270 T340
Specific || coga | 08037 | 08086 | 0.8411
gravity [-]
Cetane 1 59 280 542 533
number [-]
Aromatics
26.1 23.1 22.2 21.2
[%, vol.] 3
T10/ 183/ 181/ 186/ 223/
T50/ 199/ 193/ 221/ 275/
T90 [°C] 284 346 274 339
LHV
[MJ/ke] 42.76 43.11 42.86 42.76
Sulfur [ppm] 1.9 0.4 1.2 2.8

T dugoz Zﬂ?‘s}

875 bar, EGR-2 2} 41%9] E‘r(

). EGR-2 Z7| &3} vl 7] o] 1

B
of vl 2455 Aitstitt. By “ﬂé& A 2 =

718 Table 39 B A13FA T

Hj 7| iU Z = A ¢k 20cm

Hofzl Aol A

AVLAFE] 4158 0.2 PM 542 315l o0, B 1. 35
Table 3 Engine operating condition
Engine Speed [rpm] 1500
BMEP [bar] 2.6
EGR fraction [%] ~41
AJF ratio [-] ~225
Intake oxygen [%] ~15.6
Intake manifold pressure [kPa] 108
Intake mixture temp. [°C] 90
Fuel rail pressure [bar] 875
Injection timing [°CA ATDC] varying
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Fig. 1 PM, NOx, THC, CO, BSFC trends with SOI timing
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Fig. 2 Ignition delay, MFB50% location, and combustion
duration for various SOI timing
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Fig. 3 Several major HC species trends with SOI timing

, Aa713Ee 718l

23l A A o] ZF7}a)al, MFB50%+=

olo]] Hk&s}o] CN55 A

A 245 a1,

Sl gl sorel wE o
(methane, CHy), ©ll &l

r
=,
)

(ethene, C,Hy), =2 % (propene, C3Hy), X5 & H|3] =
(formaldehyde, HCHO)S| 7&& ® o F o) T902 %
o] #AIgle] SOI7}F A2t el whe} THC 7} F7heh=
&3 FrAkskA vigt, ol |l Z2slo] S8t
221} CN30-T340 &1 5.3 SOI Azt w2 1 57}
AE7F ohE sl vlste] mnlstgith 25
3] &= v Bk 4 3 v 2 4] SOI ZV—} of upz}k
Z7Vshe S Bolx| ko) T90-=o] A
2lo] CN30° A A3 ¥ 59 u| 3] =7} CN55H.T}
oF vl Hm EWokow, X5 = St AU
ke Agbrtel] ok ZepA A 7]3ke] FUFEHE
WA(cool flame) EA g o] AGL7] Wit o= whek

A=
ol ol £ <AFrolx
(1500rpm 2.6bar BMEP) 27 < & ol 4]
o 5

_‘TL

d

T
2
4
-z
M
4z
P‘L

9129} w) 7] 7kl W)X 1= ol djshe] HAYeh
R R K CERBE S EER-L

T90 £ o] velo] g TEIT,

3.2 & Xs}El SO0 HEZ[7IA S4 dHlm

B7 A1 Adg EUE 7F 7F A5 oiste] vl
717}2=9} Anlof tsle] 715 X (weighting factor) S
2831 712 $F4(cost function) S | 4 3}sH= SOIS
HAslE Aoz AAHs=H|, B =odAe o]

= 7+eF3) slo] H A BSFCE 2t SOIE H A 3te
SOIZ 7FF3F31th SOIE CN 30-T2702] 75 -16.7°
CA ATDC, CN 30-T340- -15.2°CA ATDCo]t}h.
2] 3L CN 55-T270% CN 55-T340-2 -5.9°CA ATDC
o]t} ZF Zhe] 7ol vigt Ay ot 7 A&
5745 AlaLsk A v(Fig. 4).

A slE Sord] wiske] CN30-T3409] SOI7}
CN30-T270 K.t} 2F 1.5°CA A% A 2= 20 = &
T-8}3L CN30-T3402] MFB50% 2] 2HA8 91 %] 7} CN30-
T270 thH] °F 0.4°CAH = 7 ZH(advance) ¥ At} ©]
o} Blarate] LA ER7Fel CN 55-T2703 CN55-T340

©] T90 &= =}olo 23k A4 14 Zholi= A 9] ¢l
AthFig. 4). =, Z3} AQA7} A% 7|17 T 2=

zpolell o] g &2 vn| kel o Ale7te] o &l
A2 o] ATH(Fig. 5).

Fig. 6= PM % NOx W& 54 &, Fig. 7= THC ¥

Transactions of the Korean Society of Automotive Engineers, Vol. 19, No. 4, 2011 75



5 80
= 60 L ke i
2 40 n,ﬁ\».
B 40| el e -
T | {""ﬁ:-u,_'_.
3 2 e
& 1g§ CN30-T270
b} B ] e CN30-T340
° 60 |.‘ CN55-T270
-3 40 728
Q g 20 ’,' 'y
=2 0 [ IS ¥ s 1 PSRN R
T 20 -
E -20 -10 20 30 4C

0 10
Crank angle [CA ATDC]

Fig. 4 Cylinder pressure and heat release rates at the

optimized SOI timing
25 |

CN30-T270
20 | CN30-T340 ||

DEEN

CNE5 1270

-
(2]

Duration [CA]
°

v

Fig. 5 Ignition delay and combustion duration at the
optimized SOI timing

035
030 = = = =
o5 | ®CN3OT270 et

= B CN30-T340

% 020

o CN55-T270 1,

= 015 cNssTaa0 Lo
0.10
R
0.00 e~

00 05 10 15 20
NOX [g/kg-fuel]

Fig. 6 PM and NOx emissions at the optimized SOI timing

CO "% 5A4S 194l Fig. 82 84285 7}
ZF vkt 5 U3 NOx v Zoll tHsle] CNS5s-
T340°] CN55-T270 2.t} PMo] ¢F 50% A %= Z7}a}
o1} CN30-T3403} CN30-T270-> PM 2HAe] =}
o]7} 1Atk CN55-T3408 =& A|Ek7}e} vl
FE AR LEE Qlste] AR-87]-EGRY ©
3 w7t o Adnsd vluste] 7g dejel
2 O s, o] Q1% FATAN] 5

5

76 si=ASAIR S| =2E M19E 45, 2011

12.01
® CN30-T270
10.00 - mCN30-T340
Tgoo | ACNSSTZO
hoy CN55-T340
a4 |
> 6.00
0 = . .
|:I_: 400 L "_-i-'
D00 [-ommeremreeree e
0.00

00 100 200 300 400 500 600 700
CO [g/kg-fuel]
Fig. 7 THC and CO emissions at the optimized SOI timing

315

310 | i
g 305 |- i
4
5 300 4
Q 205 L . i
] CN30-T270
o 200 L § CN30-T340 4

CN55-T270
285 CN55-T3 al
280

Fig. 8 Comparison of BSFC at the optimized SOI timing

F 2327 AA PMo] Srhe Ao AakE) 7h
zto] Algk7kol] t ko] T90-> 1= x}oof| 2] 5 THC 2
COME 542 A1E o 9] UlellA 55 2
2 Agb7te) o] gk G o] xJuj A o] At BSFCE= B
E dgol tate] Algeat W ol s5Fa
o] 21 thFig. 8).

4. 4 E

AT LI AR A A U QI

o]-8-5}o] 1500rpm 2.6bar BMEP Z71ol| A t}eke)

EGR(®F 41%)S 4183 A2 t]d A4 dqolA

T90 2% x}olof] w2 <14 Bl v 7] 7k v & 540 o]

et Ao w F8 Ay vh) Ak

1) A4 A2 Alet7tel] o] gk odgFo] AuljA o
2 AME7F CN30 AR E2 AAE7E CNSS <
FE RSO Z7be] @45 Atk

2) AAE7}F ¢ E(CN30-T270, CN30-T340)°l tha}
o] T90 &-I=of] uh= 1 2wl 7|7k wi & 54
o] T3k Abo] & Hol#] gttt w2 At
o o3 Z3tA A 717ke] F7bE T90 2ol ¥



3)

1)

2)

3)

4)

AN C|™ dAA0lM 190 =7} HiZ|7t20f O|x= et

Algle] PM v Zo] 719] gl tt.

A B} ¢ J(CN55-T270, CN55-T340)°1 o3}
A= PM S A Qg thE w77k Al 24
2elA T FEelUT). CN55-T340-2 CNS55-
T270ThH] PM WS =717} @A5t9om o=
TA 7L} ElEo] ARTURET} FolA] o
TR ABE7FEYEAY] dEo = dETh

References

H. Akagawa, T. Miyamoto, A. Harada, S.
Sasaki, N. Shimazaki, T. Hashizume and K.
Tsujimura, “Approaches to Solve Problems of
the Premixed Lean Diesel Combustion,” SAE
Transactions - Journal of Engines, Vol.109,
SAE 1999-01-0183, 1999.

K. Akihama, Y. Takatori, K. Inagaki, S. Sasaki
and A. Dean, “Mechanism of the Smokeless
Rich Diesel Combustion by Reducing Tem-
perature,” SAE Transactions - Journal of
Engines, Vol.110, SAE 2001-01-0655, 2001.

S. Kimura, O. Aoki, Y. Kitahara and E.
Aiyoshizawa, “Ultra-clean Combustion Tech-
nology Combining a Low-temperature and
Premixed Combustion Concept for Meeting
Future Emission Standard,” SAE Transactions -
Journal of Fuels & Lubricants, Vol.110, SAE
2001-01-0200, 2001.

M. P. B. Musculus, T. Lachaux, L. M. Pickett
and C. A. Idicheria, “End-of-injection Over-
Mixing and Unburned Hydrocarbon Emissions
in Low-temperature-combustion Diesel Engines,”
SAE Transactions - Journal of Passenger Cars:
Mechanical Systems, Vol.116, SAE 2007-01-

5)

6)

7)

8)

9)

0907, 2007.

M. Han, D. N. Assanis and S. V. Bohac,
“Comparison of HC Species from Diesel
Combustion Modes and Characterization of a
Heat-up DOC Formulation,” Int. J. Auto-
motive Technology, Vol.9, No.4, pp.405-413,
2008.

M. L. McMillan and R. Halsall, “Fuel Effects
on Combustion and Emissions in a Direct
Injection Diesel Engine,” SAE Transactions -
Journal of Fuels and Lubricants, Vol.97, SAE
881650, 1988.

J. B. Heywood, Internal Combustion Engine
Fundamentals, McGraw Hill, New York, 1988.
T. Li, Y. Okabe, H. Izumi, T. Shudo and H.
Ogawa, “Dependence of Ultra-high EGR Low
Temperature Diesel Combustion on Fuel
Properties,” SAE 2006-01-3387, 2006.

A. M. Ickes, S. V. Bohac and D. N. Assanis,
2009, “Effect of Fuel Cetane Number on a
Premixed Diesel Combustion Mode,” Journal
of Engine Res., Vol.10, No.4, pp.251-263,
2009.

10) K. Kitano, R. Nishiumi, Y. Tsukasaki, T.

Tanaka and M. Morinaga, “Effects of Fuel
Properites on Premixed Charge Compression
Ignition Combustion in a Direct Injection
Diesel Engine,” SAE 2003-01-1815, 2003.

11) S. Kee, A. Mohammadi, Y. Kidoguchi and K.

Miwa, “Effects of Aromatic Hydrocarbons on
Fuel Decomposition and Oxidation Process in
Diesel Combustion,” SAE Transactions -
Journal of Fuels and Lubricants, Vol.114, SAE
2005-01-2086, 2005.

Transactions of the Korean Society of Automotive Engineers, Vol. 19, No. 4, 2011 71




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


