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1 BEPERTR

SERMTHMESNI SAE PRAL [Z1F, BUFPARKE, EFEEAGOESICE MR
HERENEOMHFESNTLVS, Acknowledgments X0 Abstract MEFNEN N BEKDIHREER
1-1 [2RT . KA YEREE FVV (Research Association for Combustion Engines)m 5 3 44, KAV
=R B 174 DFG(German Research Foundation)h 5 6 £, 4 %!) XM EPSRC (Engineering and
Physical Sciences Research Counci)/m5 4 #, 7A)HBFREEMENS 8 HEDHREHY, TD
[ZA" ECN (Engine Combustion Network) DEFZEAR 6 A RESN TV D, 1385, ECN DDA
I& DoE (USA, Department of Environment) S AR H—IZ7i>TLV3,

#F& 1-1 IZ7RLT= 24 %% DICI (Direct Injection Compression Ignition Engine)& DISI (Direct
Injection Spark Ignition Engine)IZ5 (5%, ZDHITEFNEN 12 EHY, R—rEHFHI D%
HRELIZHDIFEN BRRTLE T H&, BINDFA DISI ZHRITLIZEDA S, IEF DISI
HEMLDOHSEMTIZEIELTLAER DA, BKED, FeKELIZ PM ICET RN S
EHDHTHY, HET—IZZARYLIFONTWSEZEHAESL PM {IHE O LGB FFHTL
5. ECNTIEEBD/ XV ELUREBREHEROH TSN T, BHRT 5 Paper —#EICRTHIR
ETHD. HYIUHAES /X ILIZDWTIE, Delphi 3 8 AL/ X)L DEZEH G 3 BRI TAISATLY
% O KETI—THEDHE TVTIE, X REALFIREICIIEOMKBEHERDENL,
FLEZETILAFROBEPCLEICL >TEZEAISEVSHIZENRTIATLNS, T—EIL
BFED Spray-A ZRRICLIEZHAE " OTCHRILEZICHLTHERRE AR REEEHRD
Paper MoHIHIENAIRETH D, ECN ICIEEHAIT HBEDRFER, LEEHDZELLIEDHLN
BHEEDIT, VAL —avEMIGEITREIRELLGLIEBZET —FOBENFIND,

DFG D X1{E TiTHh B " Tailor-Made Fuels from Biomass” [& Cluster of Excellence ®—2&L T
EEENTODHAETH D, WW (Well to Whee )\ DER RSB HItU52—D CO2 HiH ZHIFT %
AL, BEAVIVRBELTTIR/—IL, T14—E LB ELT FAME (Fatty Acid Methy! Ester)
MNERELO>TLEN, ROEILEBIRLETOSIIMIFAIYTEO SN TSI ENHMN S,
PREL PRI OBERICKY CO2 DFREERMBL, TPV EFELRITTLISEVSERIAAA
Lo b, SEIMESNTLDDIE, 2-butanol ZREKFRL THSN S 2-butanone D PRFESFE 5)
LEBMBERET—EILIRIEIZRT D OPN (Oxidation Potential Numben)&LVSTEIZDE A 4)TH
%, OPN (TN P OBRENEGEELEREDERERAR-ERLOHERHER 25)FSo(CRESE
FADEBADENTED, BRFEVNERNRESATNED, ERShRHEERDLHE, —F
HALLNGWA ISR/ —)L, FAME ZE80-ZBEORBATIHITEET HLIZRY, BARK
LA HRRHEBIIEIDEBHTHENEEROND, — A, RILEHHMIOMEETEN
AFTZANEDRBRED RSN TS, CELIEEBRBLEAMEDORBHENNHEAEFHL
HoTW5, MEIQRMOME, FRHEREOREERZTVINELNGND, 1075, FHAFHIx
LIV VKO ERGEEEDDE, EELNBLNIDRENTHIBTIZELS FEZEE
NEINTWSEFBALGWL, EELMBETHSDD, SOLLAEEMKREEEEIZZAEDOEMN
REEOERNINISELETHAS,

R, FLWLEHREEICEE T 53R E(F LGRS TLNSDY, York OMHR 22)IXEE D O H
BAFHAH TS HTEIRZFEL, §EI0 SAE TI&, MRI (Magnetic Resonance Imaging)% DPF [Z




ENGINE REVIEW

SOCIETY OF AUTOMOTIVE ENGINEERS OF JAPAN ~ Vol. 6 No. 2 2016

BAL, LILRORESARELT RN RESA . EET—ELERIVOUOHR
D—EREERE 26 KX 155 nmd) SiC S8/ DPF (ZEVT PM Z2#iESt, A—J U TKA£K
ELT=#&, 5x5 Frr)l, BES10mOY T ILEGYHEL, RO 3x3 FrR)LEEHRIERMLZELT
W5, IS B (NMR) DT-8IZ Sulfur hexafluoride (SF6) Z#iRMILI=HRZEFHL, RF AR 10
BEOFREEAE LERNMRESNA TS, B 1-1 [EMRIZKYBAELEZRFARADRES
THY, LA P BEANSTHRA P10 iTEE TOEENTEIATNS, FRETBOEILAFH
AL TZOMARE L THS RPEARTEENRALILOFREEERELZR 1-2 (TR
T, P1 M5 PY ICAN>TERENNSKESTLKDIE, REMSFREAIEILIZHRLN TN S8
THHD, BHEBENZLEBHICONTRRICTRADFTEINDEIZEIENRESNTHEY,
DPF DZBIITELHIET B0 ELTVS, BEF/NGUTILTHY, KABRELRE DFIEH W
ETHAD, 3K, TUPUBHKRETREN TN TELLSITHNIE, FHIAEMALFELA
HLEAFTES, (Nith)

F1-1 EFEELANERICEOIEER
S8 | SAE No, ARUH—  |HE |HERER |[NE e

1 |2015-01-2043 |FVV, DFG DICI | #ANFHR | EHEEHEI #HAESt

2 |2015-01-1947 |FVV DISI |4 LPG 1B#4 DS

3 [2015-01-1888 |FVV DISI |PM4£m |ERAZE BRI Ty

4 |2015-01-1934 |DFG DICI | ks Yt Tailor-Made Fuels
from Biomass

5 |2015-01-1956 |DFG DISI | k%t 2-butanone | 1 ailor-Made Fuels
from Biomass

6 |2015-01-1801 |DFG DICI ] Ethanol+ &% | Tailor—Made Fuels

sH,.24%% CI | from Biomass

7 |2015-01-1919 |DFG DICI | %% FAME, GTL

8 |2015-01-1907 |DFG DISI | HLE'R¥ABE | FHEBI+LES

9 [2015-01-1899 |DFG DISI |MEE 2IBETH

10 |2015-01-1902 |ECN DISI |MEEE LIF &8 Spray-G

11 |2015-01-1894 |ECN DISI |MEE T—HLLE | Spray-G

12 |2015-01-1828 |ECN, DoE DICI |MEEE Lift-off & | Spray-AB

13 |2015-01-1844 |ECN, DoE DICI |MEE RANS/LES | Spray-A

14 |2015-01-1850 |ECN, DoE DICI 1E5% X-Ray Spray-A

15 |2015-01-1849 LEJCS):'ARC' DICI |PM4R{ |TPDF EF /L |Spray-A

16 |2015-01-1834 |DoE DICI |IE%E X-ray

17 |2015-01-1796 |DoE pIcl | zvyvitse [D VYT p

T L28k% Cl

18 |2015-01-1804 |DoE DISI |BEAR |mHAHE

19 [2015-01-1992 |DoD DICI |PM IRk [{EFMEEHRI | SERDP

20 |2015-01-1830 |DoA DICI |ZEJMEN |EE HD

21 |2015-01-1877 |EPSRC DISI |PM4RL |RENRIE NHARIE

22 |2015-01-2009 |EPSRC DICI |DPF AR MRI ;%

23 |2015-01-2019 |EPSRC DISI |PM 4Rk |MHHickE H2 &

24 |2015-01-1903 |EPSRC DISI |M&3E SE M LLER L= /M)t

DS; Down-sizing, RANS; Reynolds—Averaged Navier—Stokes,
TPDF ; Transported Probability Density Function,

HD; Heavy Duty

SERDP; Strategic Environmental Research and Development Program

DoD; Department of Defence, DoA;Department of Army

LES; Large Eddy Simulation

Figure 1-1 DPF AMDEIL A FFHEA A—T&
(RFEED PM HFEIREE)

Figure 1-2 BREILOEILARTES
(K 1-1 D BEMEARRRERS)
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ARC; Australian Research council, USN; United States Navy

(& 3#]

1-1) K.Seel, M. A. Reddemann, T. Baltaci, R. Kneer, Impact of lubricating oil films on spray-wall
interaction, SAE 2015-01-2043

1-2) M. Krieck, M. Giinther, S. Pischinger, U. Kramer, M. Thewes, Effects of LPG fuel formulations
on knock and pre—ignition behavior of a DI SI engine, SAE 2015-01-1947

1-3) M. Bertsch, T. Koch, A. Velji, H. Kubach, Thermodynamic and optical investigations on particle
emissions in a DISI engine at boosted operation, SAE 2015-01-1888

1-4) B. Graziano, B. Heuser, F. Kremer, S. Pischinger, H. Rohs, The Oxidation Potential Number: an
Index to Evaluate Inherent Soot Reduction in D.ILDiesel Spray Plumes, SAE 2015-01-1934

1-5) J. Beeckmann, R. Hesse, L. Cai, H. Pitsch, A. Heufer, Y. Yang,2-Butanone Laminar Burning
Velocities — Experimental and Kinetic Modelling Study, SAE 2015-01-1956

1-6) B. Heuser, F. Kremer, S. Pischinger, H. Rohs, B. Holderbaum, T. Korfer, An experimental
investigation of dual-fuel combustion in a light duty Diesel engine by in—cylinder blending of ethanol
and Diesel, SAE 2015-01-1801

1-7) T. Vogel, S. Riess, M. Wensing, A comparison of worldwide fuels and their effects on
combustion under constant volume vessel conditions, SAE 2015-01-1919

1-8) P.Janas, Mateus D. Ribeiro, A. Kempf, M. Schild, S. A. Kaiser, Penetration of the flame into the
top—land crevice — Large—eddy simulation and experimental high—speed visualization, SAE
2015-01-1907

1-9) M. Heldmann, S. Bornschlegel, M. Wensing, Investigation of Jet-to—Jet Interaction in Sprays
for DISI engines, SAE 2015-01-1899

1-10) Lama M. Itani, G. Bruneaux, L. Hermant, C. Schulz, Investigation of the mixing process and
the fuel mass concentration fields for a gasoline direct—injection spray at ECN Spray G conditions
and variants, SAE 2015-01-1902
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start and end of injection: transient behaviors, SAE 2015-01-1850

1-16) M. A. Chishty, M. Bolla, Y. Pei, E. R. Hawkes, S. Kook, T. Lu, Soot Formation Modelling of
Spray—A Using a Transported PDF Approach, SAE 2015-01-1849
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Valve Overlap Chemistry by Photoionization Mass Spectroscopy, SAE 2015-01-1804
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Dual-Fuel Combustion in a Heavy—Duty Engine Using Variable Valve Actuation, SAE 2015-01-1796
1-19) M.-D. Cheng, Thermographic Measurements of Volatile Particulate Matter, SAE
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1-23) Ma. Bogarra—Macias, J. M. Herreros—Arellano, A. Tsolakis, Andrew P.E. York, P. Millington,
Reformate exhaust gas recirculation (REGR) effect on particulate matter (PM), soot oxidation and
three way catalyst (TWC) performance in Gasoline Direct Injection (GDI) engines, SAE
2015-01-2019

1-24) AJ. Butcher, P.G. Aleiferis, D. Richardson, Characterisation of Spray Development from
Spark—Eroded and Laser—Drilled Multi—Hole Injectors in an Optical DISI Engine and in a Quiescent
Injection Chamber, SAE 2015-01-1903

1-25) N.Miyamoto, H.Ogawa, M. N. Nabi, Approaches to extremely low emissions and efficient diesel

combustion with oxygenated fuels, Int. J. Engine Research. 1:71-85, February 200 H

2 Diesel Combustion (1)

FR2BEEEDOFEBEGIE, lLow Cooling
Bore Diesel Engine Combustion |* P& REL T EE{ToT=.

K|ETIE, IMERTIVOUIZENT, SHEBEROEREANTORBMEIRES SO
H—LERRTIHRHEI T ERELTWS, FiEa T FORSKIZH LTI, 3D CFD
ERIRIEEREERAL TS,

2-11FHAV T M E SRR ERRE R T, OV T MR E S REEFvET4H%
MEHS>TEY . FrETAHRDEA DV RMABICEDLETH IV TLSH FYETIA
OF—/R—EABIOF LTI T FLE—BHLTNS, ZOT—/3—IZ&>T FYETIHAD
BRERERNEONCHFYETANIERMTES, FLHIV T MRBEEOH AR TR TEA
DAELPERYDKREGS>THEY . COBEBTORF Y ATRMIEEL O BERHS ATy a
HORBEKEEDNFATED, FLFHAVETMAEETE. BEATTORREEA~DERE
BREIMH TES1=8 THC DERICDHRELH D, F-RBEHBOXMRREE L aHHEERD
BRETES, oI T ER 2-2 ITEEH TS,

RIZR -SRI EARDIV O TIToRBRERER 2-3 LUK 2-4 TR Y, FHar T+
TITEMELEHRED 16.9 M5 164 ~DEFEILTINVD AN T—HEILIZLTIHMEERLLE
IFEABVEDD, IMERT 2R TIECIN UL EMREE T IFHLEERNREVEDILTH T,
EER(K2-3), 2ARH (K2-4) DA DEELSEM TTHC, HEMER. MEROHBENFTLNT
HY. IV ETFEYDOEBRBERIBFELN TS,

F1=E 2-5 O CFD fER. B 2-6 DBREHEEN LT —N\—BTRERARFyaTI7IIH
HBL. REERENELICERATETCWSI LI BRSNS,

ABEIT MBRTO2H IO OBRBEREICDONT, AV ETOILEMNS CFD ER[HRIEE
AWBRROER. RRMICEERICLIERETHEDILSRELLESTEY. BELLED
ROFEEIZBL, (=)

losses and Low Emission Analysis of Small

[B& k]
2-1) Kentaro NISHIDA Takeshi HASHIZUME,Ryo HASEGAWA, Takashi OGAWA :Low Cooling
losses and Low Small Bore Diesel Combustion ,

EmissionAnalysis  of Engine

JSAE20159021/SAE2015-01-1824, SAE Powertrains, Fuel & Lubricant Meeting 2015, 2015 -9

3 F—EILIEE
SOTA—EILEZREAIEDKIEREMTIZH UL TIE, Large Eddy Simulation (LES)AEEAIZ
MAINBESITH-TEF, LES OFEMTIIMEMIEFTIFEORBEDOI-OITNSHEFHAX
EROBIENLIELIESH HH, SHERFREFAEIRMIMRERICHD, LI=A>T, LES fiFHT
LBEVWTIE, BFHIXOEEZERBLETHRER/NRICEDHDIL, HEEEEZRHDHEN
FELEZSND, Diesel Spray 4)-G)D v avIZEWWTIE, COIILEAND 2 HFOFRERH
Ho1=
Argonne EZITFZEFRD Pei © *I&, Engine Combustion Network(ECN)*?® Spray A ZX%IZ
LES f2HiEL TS, CCT, MEHE n-FTHUTHY, 103 {LEFEL 370 DERIEH SULERD R
RETINERARAATND, LES DHMETIFILHDES(Z, COMETE RANS LD LLEHRERM
FIER/IN TS, STEDR/MEFH A X(E, LES T 0.0625mm, RANS T 0.25mm TS, LES
DEEF, <HDNBES1Z, B 3-1 D&S% RANS [SEERTFRY—TEHENYDHDEELEE

Figure 2-1 fERBLUVFAU T MABERK

Table2-1 IUPUETT

Figure 2-2 INERT T4
—EIILOEEI T

Figure2-3 {E&fT Figure 2-4 =ETRT

(1,800rpm, IMEP:260kPa) (2,000rpm,
2175 EGR ZE{LEFD  IMEP:1,000kPa) [2E(F5
RERSE EGR Z LB DHERFER

(Prail:42MPa,2pilot&mainin (Prail:120MPa,2pilot&main
jection,Pboost:100kPaabs, &after
O2intake:16-19%) injection,Pboost:160kPaabs
, O2intake:15-18%)

Figure2-6 HA[fRILT D
INZ&KBT—/IN\—EBD K
X437 (1,600rpm,
IMEP:1,000kPa)

Figure 2-5 STAR-CD [T

STCEtESNT-EEL D

47(2,000 rpm, IMEP: 1,000
kPa).

Figure 3-1 RANS & LES Dt E#ER D LLES
(BESEE 900K, BE5TBAIAE 1ms)
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BOSMEHELE, —F, BIENIEIS, COMEDFEICELTIE, LES & RANS Tlb¥iE
DEEANELY, B 3-1 [2HNTIHEFMMIZ LES 28115 C2H2 DEENE M=, ZOFFRIC
AWLWBRARETILTIE C2H2 R ADFIERALL TLVST28, B 3-2 [TTREN D &KSIZ, LES DRR
E M E (I RANS [CHERTEL, EREEKIC—HLTz. T2, B3-3D &I, BERKKADIRS
H RANS &Y EERITEVMFHEZE RLIZ, 2O &SI, SHEIRMDRED LES THAHD, TOFHE
NOBONIENEASIKENREBIREAREREICKEEET DAL DD, RIEE
BORZREREFELLFRITIEOICIE, ECETEDORRBETESHIDHELHDIOH, HIK
BEWNECATHS,

KIRKZED Hori 5 9%, EEED Pei &4, ECN 0 Spray A IZ®LT LES [CkDEBHZELT
W5, COMETIE, K 3-4 £E 3-5 DKSITHEFH A ADHEERARTIND, BFH A XANEL
BLMEINDBORESLZNICEDEZRFEDAHMNELD-OIZ, FHAXDHENEGHE
TIEEZENEARIHUSEREG ST, BFE/NEIKTHEHEIRNIEMNT HH, ZDEFH
DIEHEDT=, Hori HIFR—/A—avE1—2ZFFAL-KIRELHI G EZHA TS, & 3-11C
FTEEHERL, B 3-6 IERAI7RICKSHERBOEILEZRT. WThOFHICHELTED
THOEMIZEWGERREAKRBIZERBLZ, LML, /—FEOEERMOEMIZL->T, &4
[2&-oTIH 128 L EDO7H TEHERMA ML Iz, 156, K 3-4 LR 3-5I2H1TH5HERFIET
hZh 05mm, 0.25mm THY, Pei 5D LES FEFTIZLLRT 1 HIRKEW, SHOEFH I XD LY
—BOMIOEOIC, HEOSSHIERIEN TSNS, (IME)

2016

(85 3#]

3-1)Yuanjiang Pei, Prithhwish Kundu, Graham M. Goldin and Sibendu Som, “Large Eddy Simulation
of a Reacting Spray Flame under Diesel Engine Conditions”, JSAE No. 20159036, also published as
SAE No. 2015-01-1844

3-2)http://www.sandia.gov/ecn/

3-3)Tsukasa Hori, Minoru Hanasaki, Jun Komae, Eriko Matsumura and Jiro Senda, “Compressibe
Large—Eddy Simulation of Diesel Spray Structure Using OpenFOAM”, JSAE No. 20159318, also
published as SAE No. 2015-01-1858

4 Gas Engine Control

Gas Engine Control (1) (2)TIL&ET 6 HDRERRILHY, TD55 5 HH, KAHTRAIU UMD
DIZVIIVEFES— LR D THot=0 Brunel KZED May 5 “"I%, Premixed Micro
Pilot Combustion (PMPC)[Z&kd, KEFaF7IT2a—TILI UMD i EIEHER
EL=.PMPC (&, EDT2T7NITa—TILIVDOUERMIZ, RAHRAFEARICEADIEE
KRTRRTBEDTHD, =1L, PMPC [FRAHRLYELREEDZVEmZERE /1Oy
BHLTFRESETIILIZEY, ERAMECBVDTRAANRASLUEBERERFESE (K
4-1, 2), R¥K CH4A ZER T 21D THD, 512, PMPC ITHEIL—T EGR A EHhERIE
IZKY, CH4, NOx, BLUPBRFEBRDRFHRENFIRETHI_EEMmEL- (K 4-3),

KEBEIKRZE®D Livan 521, MADFREEXRRAR SITUOUMSD NOx HEH Z1EH
FEHMELT, FREZICHITIRETREIES EHZE PIVEHAIES KU CFD SETICE DL TIER
Liz. BTOHER, FHRBEZERNICEWVCREET S22 D0RNERT 2L BEES AR (T
BEOHLEICKHLT11° OAR)EERLTEERERATEHILICKY (B 4-4), FELLU
FEERICHE D MKRBEMNMETLT, NOx ERMNMNFHSH DA REMENH S EERLIZ (R 4-
5) . CGATi)

[ZE3#]

4-1) lan May, Alasdair Cairns, Hua Zhao, Vinicius Pedrozo, Hoi Ching Wong, Steve Whelan, Paul
Bennicke, Reduction of Methane Slip Using Premixed Micro Pilot Combustion in a Heavy—Duty
Natural Gas—Diesel Engine, JSAE 20159263/SAE 2015-01-1798, pp1-13, (2015)

4-2) Feng Liyan, Zhai Jun, Li Bo, Chen Lei, Wang Weiyao, Long Wugiang, Du Baoguo, Tian Jiangping,
Research on the Characteristics of Enrichment Fuel Injection Process in the Pre—chamber of a

Marine Gas Engine, JSAE 20159271/SAE 2015-01-1961, pp1-9 (2015)

Figure3-2 RZXBENEERIE Figure3-3 IEFNK

L RANS BEULES [TLDEHE HNDRARDHDLLE

ED LS (FE SR 900K)  (2)5RBR (b)RANS
(c)LES (SRR
900K, ME5TRHIARR
1ms &V 1.4ms)

Figure 3-4 #FH (X Figure3-5 #&FHAX
0.50mm O LESfi##fTI=&% 0.25mm O LES FEATIC LD
REERRES M REESRRES M

Table 3-1 A7HMEFHE
BREICRIZT REERN
5= DEE

Figure3-6 A7 #I=k%
FTEEROZEL

Figure 4-1 Cylinder
pressure traces and
injection signals vs crank
angle for the three
combustion modes

Figure 4-2 Gross Rate of

Heat Release (ROHR) and

mass fraction burned for
the three different
combustion modes

Figure 4-3 Methane (CH4) emissions vs ISFC for engine
operation under PMPC and conventional Dual-Fuel

Figure 4-4 Numerical
simulation results

Figure 4-5 NO mass
fraction in cylinder
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Figure 5-5 Cold NEDC SRERICH (T HIER MR F DEE)
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Figure 2-1 Hexagonal cell DPF

Figure 2-2  Distribution of DPF pressure
drop at each PM loading

Figure 2-3  Conversion efficiency of THC and VOCs
under DPF regeneration condition

Table 1 Porosity and initial pressure drop

Filrer;::;l.;ber & Porosity &(er.es) I.rdluggl ;‘;e(;;.:;e
0 Reference 0.48(0.51.0.45) 297(-)
1|  Front thin 0.56 (0.67.0.45) 2.81 (-0.16)
2 Rear thin 0.58 (0.51.0.64) 027 (-2.7)
3 F’”“;;Rf“r 0.65 (0.67.0.64) 0112 (-2.86)

Figure 2-4 Time variation of the pressure drop
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Figure 3-1 WNTE regionon Figure 3-2 Optimum value
full load performance curve of boost pressure and EGR
rate to obtain NOx = 0.6
g/kWh (Case 1)

Figure 3-3  Schematic layout of supercharging
system on this study

Figure 3-4 Test results of WHTC (hot)

Table4-1 IUPUT7IEFEHTT

Figure 4-1 BAFRERZEX Y —FERZVEDE
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Figure 4-2 BCFC %7

Figure 4-3 T U H ATERERRIR

Figure 4-4 BSFC ¥w7

Figure 4-5 JABESRT L

Figure 4-6 BSFC ¥y M LLE
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