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(2DS : 2 Degree Celsius Scenario, LA# 2DS), 3 XU 4CLANICHHIT 5T U A
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Fig. 1.1 PLDV annual sales simulated by IEA mobility model”
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Fig. 1.2 Comparisons of hydrocarbon and nitrogen oxide concentrations versus air-fuel ratio
for g-di, diesel and HCCI combustion®

lsooctane
50 ' a__/,.a
=40
=
2
'3 30
G
T
@20t + 51, lambda=1.0
‘g * HCCI, T{in)=120°C
,E + HCCI, T(in)=100°C
Z10p < HCCI, T{in)=80"C
o HCCI, Tiin)=40°C
G{Il 4 5

2 3
IMEP [bar]

Fig. 1.3 Comparisons of net indicated thermal efficiency for isooctane SI-stoichiometric
and HCClI-lean combustion®
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Fig. 1.5 System overview of the AVL compression and spark ignition engine with EHVA

(Electro Hydraulic Valve Actuation)©®
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Fig. 1.6  Operation strategies of the compression and spark ignition engine
and valve timing and lift strategies®
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TV SUBBEIZ BT 28D 7 v X o7, bbb, BHOE KDL LT Research
Octane Number (LAf%2, RON) & Motor Octane Number (LAf%2, MON) »dH 5. %
NENOF R TFIEIX ASTM D-2699 & ASTM D-2700 THESNTEY, KAWL T
W5, £ LLIDRT L 91, W#HOEREWVITRAZEKIREE & — 2 B 2 D 2
EThHD. Fe, INbEMHAGDEEEE LT, RAWTRTA I X oA T v 7 20D
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JTRBETEDLEWVRD. £, KMER 0.5 OMFEHRSETIE OI=0.5XRON + 0.5 X MON
L 720, MON DN 50% &5 LR TE LS. ENOHT Y Y UHkThH 5 JIS D K2022
T, A7 4k LTRON Z8HA L TW523, K 1.7 oflEEg T, KT 0 im0
720 U T RON ~OMHENENWEWZ D, ZOX T YU o HCEREEE R FEE
RON & MON [ZE< AWSR TV SR, FHUFIRIZIH O & A7 2 Al 90 BREIOS A,

RON FHHIFER AN LM 6.64 , MON FHHUFERDN LML 6.76 & Uy DKW A b A JLHE &
T4 &b, Mittal BITEEDH VU P OFEM L OTElt 2R L, FEHEL
9.8 125 13.4 TOMAEZIT- 7212, ZOREE, K 1.8 DX 5 IZEEMILILIZON T KED
DT T 52 AR L=, F£72, Kalghatgi HIIEMELEORR S22 T K ED
Rtz A L7203 L = 5, L9 R T L OICWT N OREESHE T H S EMHICHB VT K
EA/NEL72, MON OFBENGHELZLEZR LTS, ZO LI, @EMbizsn

TUE, 1RO DIRELD /> o TIRIEEDO G MWL IR T 2 MEVRE SN D.

Table 1.1  The engine operating conditions for the RON and MON tests(!?)

Parameter RON MON
Intake Air Temperature 52°C 149°C
Intake Air Pressure atmospheric atmospheric
Coolant Temperature 100°C 100°C
Engine Speed 600 rpm 900 rpm
Spark Timing 13° BTC 14-26° BTC
Compression Ratio 4-18 4-18
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Fig. 1.8 The K value as a function of compression ratio at 1500 rpm(!?)
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Fig. 1.9 The K increases with the increase of engine speed i.e. MON contributes more to
anti-knock quality of the fuel as speed increase(!?)
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HCCIABEDHITE D W B IE 7> B BREHEAR DB DU Thk 2 ZR B 9-0D53 2 ST
%. Najt HlE, WERMEN A[E/ R V2 % FWT HCCI BRBEIZ BT DIREHME OEWZ &
LEFEEROEAZFHAI L 72®. Rk E LT, n-heptane & iso-octane 726725 % Y
U HYEREL T & % Primary Reference Fuel (B1#%, PRF) 70 & PRF 60 35 L1 iso-
propylbenzene 60% & n-heptane 40% DIREGREIO =FHA AWz, ¥ 1.10 (2RT X9
WZRBHZ L0 & KRN 720, S HICHROFR CARICHT 55K OEE R D
ZEERLTND. —HT, BRAERIIOWTIIBREEORE T/ N E L, RA2DITR
FTRBFED /N T A= Rl NET AAEZHNTH, K111 OBVRBELIGETED
ZlZmsL.
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Fig. 1.10 Ignition response to delivery ration changes at 600 rpm®®
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JERETR OBPNIES D 15 bar (Z LR TORMMNIEE (Teomprs) TEHTHZ LT, K
1.14Q0R$ & 91T, EHERSAFIZ Ko TR RON Bl & CAB0 IR R 6 (K=
0), F7-BlOEEESEMETIE MON B EFIBEA OGRS (K=1) 7L, EEEAMGZ LI
JEW KET RON & MON Z#AA b5 = & T HCCI O kRBERtE 2 KRB TE 52 L
ZHBMNZ L@, g5, K > 1 &5 DM AZETIREN S VIERSGETHDY, 20
STl UKL & W U MON @ PRF #8E} & H_"C CAB0 DA 5 Z L1272 500, —J5
T, 20X B2 AT v 7 AT RON & MON OA% W5 7280, BREHZE £ b sy
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Fig. 1.12 CA50 vs RON for the different fuels: engine operating in HCCI (NVO)
combustion mode at 2000 rpm and 1.45 BMEP(®)
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Fig. 1.13 CAS50 vs MON for the different fuels: engine operating in HCCI (NVO)
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Fig. 1.14 The K value vs Teompis in previous HCCI studies®?
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% ZC, Shibata Hi%, BN D& KFHE~OREIZER L, RQ.3)D K I, Bkt
DRy EIE 2 VT HCCHABE DA KR 2 FH 9725 HCCL A > 7 v 7 A@@IZRE L7z
HCCI Index (abs) =rRON+a (n-P)+b (i-P)+c(0)+d (A)+e (0X)+Y
- - - A(1.3)
Z 2T, n-P:in-Paraffins vol%, 1-P:iso-Paraffins vol%, O: Olefins vol%, A:Aromatics
vol%, OX: Oxygenates vol% T®H 5. ZiZ, £ 1.2 1R T K 9 IEIRSM T & (Areal-6)
(ZIRBIRRATIZEN D 2 T BT AR A I T, RERD RON & Rloy &6 7 B A& KR 2 B3
HHDTHD. REIREDTZDITIE, By DIREHIE Z @A S ETe T VIRE %
ANT= P RREAT, CORBERISH L TRIRIT 21T o7, Zhic Xy, Bk
PRI HEDS N T2 TO HCCL HKREH TR FREL 7 o7z, LinLadin, #REHR
FEOHENXOPIEAS N TWRNW), TP Vililin/ T A —4& & U CHERREIE K
BERETET, EEREOT D UHE~OBERIC OV TUIRERE > THD EER 5.

Table 1.2 Coefficients of parameters against temperature
at 15 bar (1.5MPa) in-cylinder pressure®®

Area 1 Area 2 Area 3 Area 4 Area 5 Area 6

Temp. @15bar (1.5MPa) - 670K | 670-700K | 700-730K | 730-790K | 790-820K | 820K -
RON r 0.848 0.858 0.831 0523 0.207 0.161
n-Paraffin a' -0.203 -0.256 -0.320 -0.244 -0.103 -0.050
iso-Paraffin b' -0.198 -0.267 -0.336 -0.187 0012 0.014
Qlefin c -0.134 -0.193 -0.259 -0.176 -0.064 -0.043
Aromatic d 0.006 -0.087 -0.186 -0.109 -0.009 0.008

e

y-intersept

e

e

Y

-60.028

-56.041

-48.828

-32.109

-18.947

1.2.3 (2R AR ¥ — DI B RERFE
AR, HEBEMEORRBICIVEHEND Z EDNEL ol AW BRIGEE 2 AW T, BBk
DB CEKNDEBELRFTHZENRRAELNTWS., LLAaRD, Higomkkdic

BENDETORGEMRLT D LEINETH L0, KBRS TRYH D 2 L3RR
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INTWD. Pitz bIk, MEOFERT =200V KK, 74 —BVBRBEBIOY =
v MREHZOWTHREBR D EZERE L@, ZOHRT, VYU BETIE n-heptane,

iso-octane, toluene 7%, 7 4 — B J/LBREL TIL n-cetane, iso-cetane, toluene,

n-decyl-benzene Z3IEWICEEH L Z L E2/R LIz, —FT, < OB D> 5 kS EERIL
RS A T — LB D058 H & Y, Reaction Design #:0> Model Fuels Consortium (24
%, MFCO)OH T, MFC A% —LCONFRERENT. ZOEFRUEAF— AL, SEIER
FHAT — Z @DEZ SN THEE S NI A X — A TH A0, FHERERITEMEREE ) e
ENTWHY, L¥FEK 2,301, [UGH 11,116 &5 KR SOSHE D72, FHRAT

=

v

HETHD.

FHEAMRIROBLR NG, L LA FDURA T — A 2 BET 2 bITh i T 5.
ZD—2& LT, (LFREE LORIGEDOZNWKRBR LG A X — 2% b LI, FHHE
il AR U WP T b fl & OS2 BT 2 F1ETH 5 DRG (Directed Relation
Graph) @IGOREH LTV AH23, X 1.1560R 9 X 5 1T /b B fsk 1,796, Sk 5,722
DFEMUE PG A F— D 2 AL AR 705, RUSE 2,195 £ THIRT 5 &, A KENEFH DT
HES K& <, L FEE 803, KL 3,222 I £ » TH W HIEIT 0 L 1TV 2720, Z o
0T, PSR F—LOEREZAMITEN TELZLNOARTH DN,
FEADOSHRAE DN & 73T 72 o TOZRWBREBIE D IR LTI BEAYICE N 92 Z & T &z
VN SBIFTER G & 7R o T T R BRBHBRIZ KIS T 5 721, FXENRERIZ2 E DA

FrlREREHZ b S IMLBOCAF— L L LTEMATE 2 FE/ RSN D,

_14_



94: CR=13.9,400 RPM
T0=40 C, p0= 1atm
Gasoline Surrogate Fuel Mixtures

DRGEP:918/3732

DRGEP: ?05!2195

Ignition Delay Time (Tign=1500 K) / ms

——r e e
04 0.5 0.6 0.7 0.8 0.9 1.0
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Fig. 1.15 Ignition delay of master model (KUCRS) and reduced mechanisms (DRGEP)
using DRG method®?

FERER CAR R & 70 D BIUCHERED T E B U TS SN /MR 7L S A F— A
ERINTWAD., Hu bbb 13, SIS 18 @ A F— LGV THHBH A B (chain
initiation), HEH{H B (chain propagation), #EH/ I EEME (chain branching), H#H{=

1 E%f% (chain termination) % itk L7=. EE72 10 DS A LI FIZRT .

RH+ 0> > R+ HO: (R1)
R+0s o ROs (R2)
RO: & ROOH (R3)
ROOH + 02 & 0:ROOH (R4)
0:ROOH - OH + OROOH (R5)
OH+RH - R+ H,0 (R6)
OROOH - OH + ORO ®R7)
R+ 0 > C=C + HO: (R9)
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HO: + HO; - HOOH + 02 (R9)
HOOH +M - 20H +M (R10)
ZOMLFERIE A ¥ — ME—FHO B ARFE £ R L LT 528, KIER(R3) ROz
ROOH OEZMEENT A LiEMLTF/L¥ E #% %% 2 & T, butane, pentane,
hexane, heptane, octane 3 L iso-octane DILFEIGEAF—LE L TEOVHE S Z &0
TE5. BT, ZOAF—L%E_—2R|Z, PRF OfFM LG A ¥ — L% Tanaka & &
Tsurushima 728 2 E AU FFELL 32, FOGHEL 5562 &b FHEEL 33, UGS 38BITHES L 7-.
(LG A F— 2BV T, nheptane & iso-octane O X 912572 2 BUGSREES &2 Fo Rk
DERZDHE T D ETRIGAF— 200 HEFHIFIER LT A, b, Kk
BORHERTL2ZENPFETHY, ZNoZ2HOT & SRUDIRBHI L TE 27K
JEAX— DR T D ENEETH 5.
72236 KE TV ZAEE L TREMIEIR ORI x G SE LB BITON TS, HARR
7235 COAEKBENREIZN1.4) & L TERI SN H6Y.
T, =Ap™ eXp(%j - e K1)
ZIT, T EKEARR, E3EM TR, R OFEHAKAEER A BXUn

IXETFVERMTHS. Heywood 137 4 —EILIREI D% KIEIETH 5 Z i (Cetane

618840
T CON+25
TEEBELRGY. Fio, iEREKEETET L TH D Shell T VAL FITRT.

Number, P& CN) (2 &2 KENRFROZEL 2RI L2012, E, 15
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Table 2.1 Engine specifications and operation conditions

Engine Type DOHC 4-valve
Bore X Stroke mm 87.5 X 83.1
Compression Ratio 14.0
Combustion Chamber Pent—roof

Fuel System Direct Injection
Water / Oil Temp. °C 88 / 90

Engine Speed rpm 1500

BREED 35 KNI 2 3R 60 5 728012, CHEMKIN-T®N® SENKIN % i T PRF Off
IRILSOG T K OEIREME UL 2 BT & 2k 32, PUGE 55 DOffilfb A ¥ — 246
AL AF— L LTHWCEE L.

HEEREF O MR IS KOS A 2 2.2 12T BB O KB D 22T K D IRERIE I 222
EAECRNEDICT DDA O KRR EA R 2 7. 72, ROMOHEEROR
BhCEDLRETYRT D12DICA INT T 4 LV RE I NS NNRT T 4 VRO THERK L,

RON 78 70, 80, 9012725 X 9 \ZFHHL L 7= 3 RO REN & FV =,
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Table 2.2 Properties of test fuels

70RON 80RON 90RON

RON 70.8 81.2 90.5
MON 73.3 83.3 89.7
Density 15°C (g/cm3) 0.6903 0.6915 0.6923
IBP 32.5 33.0 34.5

s 10% 57.0 57.5 57.5
D'S(tl!;tm 50% 1015 | 1020 _ 101.0
90% 152.0 151.0 150.5

EP 188.0 189.0 186.0

Reid Vapor Pressure (kPa) 60 59 60
n—Paraffin 16.8 4.6 4.3

iso—Paraffin 83.1 95.3 95.7

Composition |Naphthene 0.1 0.1 0
(vol%) Olefin 0 0 0
Aromatics 0 0 0

Benzene 0 0 0

Net Calorific Value (J/g) 44392 44374 44354
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B DO 7 v 7, Tbb, HEAKOREEL LT
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Fig. 2.1 Reciprocal ignition delay time at A=1.0 and in-cylinder histories of CFR engine
under the conditions of RON and MON (part 1)
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Fig. 2.1 Reciprocal ignition delay time at A=1.0 and in-cylinder histories of CFR engine
under the conditions of RON and MON (part 2)
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Fig. 2.3 The effects of RON and MON on MBF5% for various intake temperatures
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Fig. 2.4 Reciprocal ignition delay time at A=4.5 and in-cylinder histories of HCCI combustion
for intake temperatures 200, 225 and 250°C (part 1)
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Fig. 2.4 Reciprocal ignition delay time at A=4.5 and in-cylinder histories of HCCI combustion
for intake temperatures 200, 225 and 250°C (part 2)
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I% 7TORON ABHIRKIRHIRNICH CBEKT L7V A V= v a U EBRAE LD, WK AR
D TORON BEIOT U A V= v a VP E D E CRKEES] P & FIF7-FE8R S AN
EBREPFHETIToZ. ZHED RON, MON & bi2, / v » ZIRASUKI & ORI B
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Fig. 2.5 Knock limit crank angles versus RON and MON
under 0 and -13.3 kPa (gage) intake pressures
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Fig. 2.6 Reciprocal ignition delay time at A=1.0 and in-cylinder histories of SI combustion
for 80 and 90 RON fuels
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Fig. 2.7 Comparison of heat release rate at 1500rpm, WOT, Ig. Timing = 8deg. ATDC
between 80 and 90 RON fuels
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Fig. 2.8 Comparison of pressure-volume diagram at 1500rpm, WOT, Ig.Timing = 8deg. ATDC
between 80 and 90 RON fuels
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Fig. 2.9 Comparisons of IMEP as a function of ignition timing for 80
and 90 RON fuels at 1500rpm, WOT
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Fig. 2.10 Predicted chemical species histories
( compression ratio=14.0, 1500rpm, WOT, A =1, PRF80)
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Fig. 2.11 Comparison of predicted laminar burning velocity for cases 1, 2 and 3
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Fig. 2.12 Comparisons of in-cylinder temperature distribution of vertical cross section
for 80 and 90 RON fuels
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Table 3.1 Engine specification and operation conditions

Engine Type DOHC 4-valve
Bore X Stroke mm 87.5 X 83.1
Compression Ratio 14.0
Combustion Chamber Pent-roof
Fuel System Direct Injection
Water / Qil Temp. °C 88 / 90

3.2.2 HEREME

F32B IV 1A T LI, HHOAT YV UK THS RON ZHHEL L, T~
o Y RIRALKFE D HTHERL X 72 70, 80, 90RON @ Para70, Para80, Para90 % fiti{ik
BtE L7z, &512, T0RON TiE, T 7 4 VRBALKFEICTu~R, A7 4 FK, F7
T U RIRALKFE E Z N ENVRFEEIG TR 30 % JRE L7z Arom70, Ole70, Naph70 %, &
72, 90RON Ti%, /377 ¢ VRRALKFEIZT v~ RRAKTE & BFEEIA T 30% 1RA L
72 Arom90 &, /3T 7 ¢ VRIALKFEIZT v~ RIRALKHE Z RREEIS TR 30% &, LT
4R, TTTURRICKFEEZZNETNEFEE S TH 20% EE L7z Arom-01e90,
Arom-Naph90 Z/F# L7=. %FZ Aroma AEHZ-DW T, n-parafin D& TW\WH Z &
WIZOWTERLTEL. 61T, AFLOB ARG RN EEATH L7280, BEHZ LD
BEREMOZERIZE U X5 I FIRE O Z58- MR bIC BIFR T 2 788k, U — R

ARRE, BORGE, REBNITIFEFLRD IO ICTHRL.
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Table 3.2 Properties of test fuels

70RON 80RON
Para70 [Arom70| Ole70 |Naph70]| Para80
RON 70.8 71.0 70.6 70.3 81.2
MON 73.3 67.3 69.7 71.9 83.3
Density @15°C (g/cm3) 0.69 0.73 0.69 0.72 0.69
IBP 32.5 32.0 31.0 31.5 33.0
Distillation 10% 57.0 56.0 56.5 55.5 57.5
©C) 50% 101.5 995 ] 1015 99.5 | 102.0
90% 1520 | 1480 | 1520 | 1475 | 151.0
EP 188.0 [ 1870 | 184.0 ] 185.0 | 189.0
Reid Vapor Pressure (kPa) 60.0 57.5 59.5 59.5 59.0
Viscosity @30°C (mm2/s) 0.57 0.52 0.54 0.63 0.60
Surface Tension @25°C (mN/m)| 18.1 20.0 18.8 19.8 17.9
n—Paraffin 16.8 37.2 11.1 15.6 4.6
Composition iso—Pafaffin 83.1 36.1 59.7 54.2 95.3
(vol%) Aromatics 0.0 26.5 0.0 0.0 0.0
Olefin 0.0 0.0 29.1 0.0 0.0
Naphthene 0.1 0.1 0.1 30.1 0.1
90RON
Arom— [ Arom—
Para90 [Arom90 01e90|Naph90
RON 90.5 90.1 90.8 90.1
MON 89.7 85.1 82.6 83.7
Density @15°C (g/cm3) 0.69 0.73 0.73 0.75
IBP 34.5 32.5 30.0 32.5
Distillation 10% 57.5 58.0 55.5 58.5
°C) 50% 101.0 [ 101.5{ 100.0 [ 101.0
90% 150.5 [ 150.0 [ 149.5 | 148.5
EP 186.0 [ 190.0 [ 186.0 | 189.5
Reid Vapor Pressure (kPa) 60.0 58.0 58.5 58.0
Viscosity @30°C (mm2/s) 062 0.51 051 0.55
Surface Tension @25°C (mN/m)[ 18.1 19.8 19.7 20.6
n—Paraffin 4.3 12.0 4.3 6.9
Composition iso—Pafaffin 95.7 58.2 46.0 43.4
(vol%) Aromatics 0.0 29.6 29.3 29.7
Olefin 0.0 0.0 20.3 0.0
Naphthene 0.0 0.1 0.1 19.9
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Fig. 3.1 Comparisons of RON, MON and rate of fuel composition for fuels used in this work
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Arom70 (23T b AiTE Tl ~7ARIRERR LR D H T ) L ORI T, i ORE oD IR EGh R
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Fig. 3.2 Comparisons of knock limit for various fuels under 1500, 2000 and 3000 rpm
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Fig. 3.3 Comparison of heat release rate for four fuels
(1500rpm, P;=-13.3 kPa, A/F=13, Ig.timing 3 deg.ATDC)
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Fig. 3.4 Comparison of indicated thermal efficiency for four fuels
(1500rpm, Pi=-13.3 kPa, A/F=13, Knock limit Ig.timing)
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3.3.2 BRBIES & HCCI BBED & K5t

W RNENTT 20 HCCT BRIED 25 KAFF M k9~ 2 RBER 73 D58 2, AR UMBAEE & (2 T
WAZERIRE Tin % 225CH2 5 100°CE T EH T, WOT (2 THEESFIREZR 2R A/F
ICRBWCEBRIICHEAE L. X 3.5 UK 3.6 (2 TORON kL E 90RON BRELD W A 2255
JE T OB AERE RT. ZE A — RON OBREHZ &30 & TR 3 72 5 L 55
KPMEGBE2 S, A5 TORON REHZ BV T, Tin 225°CTIE Para70 (2xF LT Ole70 &
Naph70 (44 L, Arom70 IZRA%Th 7. L LAND, BWAZKREDKTIZE b7A
VN Naph70 72113288k a i < LT h gD m B, toBREHI S TEHLEA L
Tin 150°CLL F TITEHR CX oo 7o, ZHUTT 7 vt ¥ 0 Th LD IR E DKW

RO EMET D, ZORMEIL, YRIOHMRIZLY, v Ia~dHh ooy —7
IR E CBIET 2 Z SICERET 0L STV D. S HIT, T 175°CLLF Tld Para70
(2%t L Arom70 2544 L7z, 90RON BREHT I I, Tin=225CD A TLIE L I IEHAAN A

BETH D, BRI D3 KPEDOMBE I TORON BREFD & O AZERIRESRIE L B2 5 b
DTHolz. ZIZT, BIETHRZE 52 HCCI #%EIX RON XY MON 23T\ @& iRk %
ZHTLETH 5720, X 3.7 1T L 9 IZHEFERELD MON & 75 K VE &2 793 mE R ES
4 (Mass Burned Fraction, LAtk MBF) 50%D 7 7 > 7 £ & OBHRIZ DWW T H |~ TH
7o, BAREZRBISRIZ R R o7z, LIz o T, WAIMNES R HCCT BREEIZH VT,
BERR Gy 73 70 28580 20%, & KFFIEIS R 2 B 5y DR BT ZE IR IS & - Tk
LTHEY, RONX MON OHT—FNIZHHLDOEDL LD TIIRNE W) ZENRHLNE R

>7z.
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Fig. 3.5 Heat release rates of 70RON fuels at 1500rpm, WOT for four fuels (part 1)
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Fig. 3.7 50% mass burnt fraction versus MON at 1500rpm, WOT
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3.4 HCCI %5 T DIRBERFH LLE 5347

HCCI BABED FHUE D T2 D121, 55 T OB /3 BN T & DRRBES AT L% B
TLOMERG Y, PREIRGr OBBE~ DR B2 ERAICHIET 2 Z L NEEL 8D, ITF,
IRERENTHIG LR b S OSHE 2 BB L7 BH R R L TE TV 28, 2T,
IREHK 5y D5 2 FERAE R D E BB T T 2 fHE R T T n—F & & o7z, £, JifE
WY Cd 2737 7 4 RN R LT, BT TR L7z @il OO 38 KR DR IE T H
% MON ZHWT7 L= 2RO TREER 2 22Uk L7z, RIZ, ZoERRKXZ T
A IRE O PRBERA 2 T L BRI & BT 5 2 & T, BRBHIC K 2 B AT 5
L7z, 728, ZU VU R O TEE & S FE 2l 2 F5BE L2 bR 2 i Kb d 5

ZLMHMERD D, BUhERIZARY e MBF50% R 4 & A b o4 & LTz,

3.4.1 T 7 4 URREIOBRBERR ER AL

¥ 3.8 (ZRON D572 2% 3FHD/NT 7 4 L RIRE TR AZERIRLE % 225°C7H 5 100°CIZA
s, WOT IZ TR LD & MBF50% R OBfR % /x93, Z 2T, MBF50%
RS T 25 &, 2RISR d 5 MBFS0%DEE N RKE {/eoTnD. ZHUIE A b
VIRBRIZAEWVRBEII AR S RDEELEZZITTWD &EF R, {LFRUNT XD EKENLD I~
REET DI, REERATZE(LD D720 BRI 16 7 T2 7 fEE TOT — 4 2 H]
LT, BRYLEATH Z & & L. X 3.9 IZERAMIT VT35 KR IURER] & JRBHE VB B D BY
frard. 2 CHEKENRR At 1%, BFERRTI0 7 T 7 AED S MBF50%KH £ C
DOEE L ER L. ZoBEBEE2RG.DOE TERE LR ZRE L 72

Paraffin model :
1 AT"exp £ [0,V [FuelV  +..5%(3.1)
At RT ) '

:460u0SXnm“zwf;ﬂﬂgﬁnU%dme

DC
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--< [(MON)=71.4x MON-1.09x10*

g(MON)=-0.400x10" x MON +0.393

Tpe : fRINRE [K]

[Fuel] : #REFE/LEE [ mol/cms? ]

72¥, ROGHEITIZ FAERMEN BRI TH D LB %, RNIRE Troe 38X OB LVE
FEVIERG FAER COMEE V. Troe 1F, WAZERIRED OHER U EMBMIRE &, &
WOENBENSEH LAY be—7f48, BIOEMLENLEE L. £z, SRl
DIRELDZE KFEDFRFETdH 5 MON % H Y, MON 23570 2 K CIE RGeS 72 5 72
D, IEHLT R LOBREFE VEE OISR b2 T 2 L& 2, HHEEIRE ER &
IREFE NV DO SOGIKEL B % MON OR# L L7z, TERMIZEICHVT, £ 330D K5I
TIVFNA—FF TV H e (Alkylperoxy radicals) D4y EMALICRIT DIEME(LT %
NEDPIRSNTND. NERMAGIC LY H 235 ko D812, — K9 (transition state)
WCERIREIEZTE T 5. Z O RPN DKEDREE LTV D IREN—k, ik, =fko
FRIZBNT, 5 BB, 6 BB, S56I23 7 AR EMFETFEDZ < R 512 L& b x 1
FRNSLKRDZENRMBNTWD. Fiz, ¥ 3.10017R77F K 9 I —HFAY R Bk iE % T
i LT BRIZIRF 5003 2% < 72 ZEBHDIRALAKF TIEA 7 Z AiME< I b 72, F 27 2 Al
DPARVRE CIIEM L = 2 L F RSN e N2 5. KRETARUIZEN TS MON 2MEW &
EHALT XL DN EL DD, ZOXIRBHATHLIbDLEBEZBND. £z, £ 3.40
T RIS, BEFEAVEEORISKE (Fho a) 1%, 477 Ao kR KR
IZBWONS K RDHAINRDHND. RET/LTEH MON 23EW0 & USRI/ S < 7
LDIXZDEHTHD. 08B, UMIEICB W TIMSIC K b TVEM b= L F 2 EH &
LTS, 2B, RETNAVATIIMAEREN —ELRD X OICEREZER L2120, MR
REOHITEK L TWS2Y, EGR, @2 ZE LGS IMRREOHNBMLEII R D &
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ITE S FTHARV. X 3.11 12R3B.1) 2 72 MBF50% O Tl 5 & FEBR AL R o el 2 =4,

INT T 4 SRIREE D B IRE AU, MON Z F5E% & 7% F2BReCTRRBERF ] 2 K5 5 & < Tl
THIENTEILLEFRD.
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Fig. 3.8 MBF50% timing of paraffin fuels at 1500rpm, WOT
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Fig. 3.9 Ignition delay time of paraffin fuels at 1500rpm, WOT used to construct Eq. (3.1)
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Table 3.3 Rates of alkylperoxy radical isomerization reactions
(activation energies in cal/mol, rates in sec™'))

Type of site Atoms in Reaction Rate  Rate at

transition log A Ej3 850K
state ring
primary 5 11.45 30000 5.44x103
primary 6 11.08 27000 1,37x104
primary 7 10.71 25100 1.80x10%
secondary 5 11.05 26500 1.72x10%4
secondary 6 11.26 23400 1.75x10°
secondary 7 11.48 21500 8.94x10°
tertiary 5 11.78 23000 7.34x10°
tertiary 6 11.48 20100 2.05x106
tertiary 7 11.48 17900 7.54x106
n=hexang RON=2%
H H H H H H
H-C-C-C-C-C-C-H
H H H H H H
2-methyl pentane RON=73
H
H-C-H
H o+ H H H
H-C-C=-C-C-C-H
H H H H H
3-methyl pentane RON=74
H
H-C-H
HoH o+ H H
H-C-C-C-C-C-H
H O H H H H
2-2-dimethyl butane RON=92
H
H-C-H
H o+ H H
H-C-C-C-C-H
H o+ H H
H-C-H
H
2-3-dimethyl butane RON=99
H
H-C-H
H o+ H H
H-C-C-C-C-H
H OH o+ H
H-C-H
H

Fig. 3.10 Isomers of hexane and their RON values®
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Table 3.4 Comparison of each parameter of k = A exp(-Eo/RT) [Fuel]? [Oxidizer]°
for some hydrocarbon fuels®

Fuel A E, a b
CH, 8.3 x 10° 30.0 —0.3 1.3
C,H, 1.1x 102 30.0 0.1 1.65
C,H, 8.6 x 101 30.0 0.1 1.65
C.H,, 7.4 % 1011 300 0.15 1.6
C.H,, 6.4 x 101! 30,0 0.25 1.5
C.H,. 5.7 x 1011 300 0.25 1.5
C.H,, 5.1% 10! 30.0 0.25 1.5
CaHyy 4.6x 10" 30.0 0.25 1.5
20
| Para’0
éi & Para80
< 15 | OPara90
20
= 1]
==
= o
L 10
[aa)
=
o)
(b
5
2
(]
=
O 1 1 1
0 5 10 15 20

Predicted MBF50% deg. ATDC

Fig. 3.11 Correlation between predicted MBF50% using
Paraffin model and measured one at 1500rpm, WOT
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3.4.2 REWELORRBERFE R

BARENC YT 7 ¢ T L& - MBF50% O TFllfE 5B & EEfE R o g2, WA

HE

RIRE Z LI 3.12 1277 T, 2k Y, [A— MON O/R7 7 ¢ UPRELE ik L 7= & FfiE
BB O E KIRBERF 2D Z L TE D, BARINIZIE, T2 225°CTIXE DRREL S )7
T UREEE R DB KIRBERE L 7R o TN B T E D, BB oI NE <, MON
DIHTHEKFFELZFLRTEHZ LR 5. LR L, WMAZEKIREDKTICTE B
Mok Flic7ay haiud Z Enb, [Hl— MON O/37 7 ¢ LRELE 0 IRBERETAS L
DEMEE SO LT D, Thbh, BB K DA KIS EN TR Y, Z0%)

RiT Naph70 THRHRE W ERbinoiz.
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Fig. 3.12 Comparison of predicted MBF50% using Paraffin model and measured one
for various multi component fuels at 1500rpm, WOT
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3.5 REREIOREERHIERIL

FRED XD RIBE BB O & KIRBEREIE, FER D TH DT 7 1 VR O ROSELT
(2 X D PRERM DRSS, OB O SOSHEITIZ & b 72 o TIRED 2 W i3 S
DT ETEMTDEMBEIND. ZDFD, NTT 4 VREGEIMORISHEE &, RE
% R UT= BB 5y O SO E O Fn % & - 7= R(B.2) DIE T, 1REREIOBEER 2 E X1k
L7z, 22 CRE cild, 73T 7 o VR O BOSIEEE T U TRV Sy 1 O BUGIEREE 3 R IE
TAHERN R > 5\ VIIHID R E R TR TH Y, ED L ST RO RGHE 280 S,
ADLETTRDSED. ok, BEHICE T 55 RAEKFE DB KRR R OFESE
ICE o TRESERD DO, ER AT v~Kk, LT 40K, T7T7 U REGITH
¥LT-.

Multi Components model :

L S I P
At At Arom AtAmm Ole on Naph At

f(MONPm)][ Fuel,, JO)
Para

DC

Para Naph

= ATTDC"exp(

n MON ,,
+ cAmmA TTDC exp[f‘(/mm})[FuelAmm ]g(MONA"U”')

DC

n MON
+ AT e exp(f(om)][Fuelwe ]g(MON“’“)

DC

MON .
+ CNaphATTDCHQXP(WJ[FueINHM ]g(MON”“”") -+ R(3.2)

TDC

I BT, TS OBRENK Y & Z1LE 1L toluene, 1-pentene, cyclohexane T{FE XH6), £
IR ABAELD MON & BBy DIRFERIG B /3T 7 ¢ U RAG D MON ZHH L7 fE
3 351RT. T R(B.2)EFHWT, X 38.12 1R LIZIRG BB ERRE Rkt LT
TRFRZENNEL 22D X9 it Lz & 2O TR 2K 3.18 127, R(B.2)DH
ETHETHEMDOFELZETE, K 312 IZHXTPHRRENREUGE L. £,

c DIEZK 3.14 19, ZHED, 7TavloTIEEICADEE R Z b, AZES

A
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REICE D THEICKOSMEIDRE S ENbnd. —FT, V74 vildy, 7770
B VR ZE SRR 28 8 WD SR TIPSR EE D R 2 6 D23, WMAZERIREDME T2 & X
IS R A R 2 E NS, RIS, 2O TORON REHCIRE L7 ¢ & VT 90RON
RELE T L X2 T — Y U o TOBRBER T ZITWET VADOHEZ R T 5. i,
AEHAWZL ¥ 27— U > RON (X 90.9, MON £ 82.4 Th Y, BHimtric kv
BV B ARE RS DIRFEEI S & FHEIC IV 72, MBF50% 0 T JIS 5 & S8R S 0 il £ X
3.15 \IRT. Ik, AEMEELICEABEET VR EZHNT, i X227 -0V

Tk LT REUNETT A HCCI OBRBERF I 2 R L PIITE 2 Z &l sz, 4

%, HCCIBABED FEHULIZ AT T2 BABE S 2 7 L BIFECIRBIRG T OB T, AT 7 Vg H]

TEALD LYW S5,
Table 3.5 MON of fuel components
Arom70 Ole70 Naph70
All Components 67.3 69.7 71.9
Paraffin
(Calc.) 543 66.6 69.7
Naphthene 77.2 77.2 77.2
(cyclohexane)
Olefin
(1-pentene) 771 771 771
Aromatics 1035 | 1035 | 1035
(toluene)
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Fig. 3.13 Correlation between predicted MBF50% using multi components model
and measured one at 1500rpm, WOT for four 70 RON fuels
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Fig. 3.14 Coefficient of fuel component effect used in Eq. (3.2)
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Fig. 3.15 Correlation between predicted MBF50% using multi components model and
measured one at 1500rpm, WOT for four 90 RON and gasoline fuels

36 F&®

PRBHAIR Y HCCI BRBEE ST BRBED /v F o T RIFTREL LT 57280, ST
BED /%2 ZIZBFR S S RON 728[A — TRy D72 57 VIREH 2RI L, ST #AbE
& HCCT RBED B O KICHOWTERIN AT 21T > 72, & OISR 2 T77E TR 23

BV IET B L ERILT D 2 L 2R TIRER, UL Ofm & 1572,

1. mEiffE SURBED /v & o 7 RpPEIE, IR 23 5470 2556 T G IRIRRRL BSOS 23 T
VNRBETHALIE RON Z45IEICT 5 2 LA TE, / vF IR TOHDFRMEIZ SN T
¥, RON Zf5iEICT 52 &N TE D,

2. WRINET X HCCLABEIZ I\ T, BB DR 72 2581213, A& KRS 2 00k
53 DFEITMAZERIRE IS L > TE{E L TH Y, RON X MON OAT—EMIZHH

DEDHHDOTIEZRN.
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3. WMAZEKIREN @ WRIETIZ E DB NT 7 ¢ VIREHE R DE KFFEL 7> T D

2
=
~
K

ZERIRE DRI & bW IHI RN MBS, T OBHRITT 7T 2 RKALKFEE
BE LTRE TR BRI,
4. BEBEET NVREMEL, LX 2TV ) ATk LTHRRMES K HCCI DRRLE

P A L < FRITE 7.

% 3 EBE M

(1) A ZKES, “BulEAER 2 W T ARG KSR O TR G EME A KRR, 55 44 B
WRBE S AN Y T R TGRSR, 86-817, 2006,

(2) Westbrook, C. K., Pitz, W. J. and Leppard, W. R., “The Autoignition Chemistry of
Paraffinic Fuels and Pro-Knock and Anti-Knock Additives: A Detailed Chemical
Kinetic Study”, SAE Paper 912314.

(3) Westbrook, C. K. and Dryer, F. L., “Chemical Kinetic Modeling of Hydrocarbon
Combustion”, Progress in Energy and Combustion Science 10, 1-57, 1984.

(4) Shibata, G. and Urushihara, T., “Auto-Ignition Characteristics of Hydrocarbons and
Development of HCCI Fuel Index”, SAE Paper 2007-01-0220, 2007.

(5) Pitz, W. J., Cernansky, N. P, Dryer, F. L., Egolfopoulos, F. N., Farrell, J. T., Friend, D.
G. and Pitsch, H., “ Development of an Experimental Database and Chemical

Kinetic Models for Surrogate Gasoline Fuels”, SAE Paper 2007-01-0175, 2007.
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BAE BEIBREHIHIE TE SHBLRIE R F— L DB

4.1 #& @

ATE TIE, BREM Y DRI DR —F 7 2 A DFT VRE 2 T VU R TV,
ZORERNS HCCL BBER I AR E LS PHITE 2T VA LWL L. oL HRED
HERBIG A 0 FEMICHETT 2 e DIIME ARG R EZ N2 2 L8R 203, BBk D
RBE IR TE PR AT — MMM, FOSENRZ WD, £ < OFHREFFA L
BLThb. IbI, SIBRBEOHRBICENTH, HEEXBRTHLI TSI AV =yva X
J X 2 T RAENEOHR R E DT ZROTTRRFHR L OEGHRNEEN DR, LT
FEOZMEFERIEAF — AT, FEAMOHRKPEECHL. Zoikd, Zkoniikst
B LALHABOSFH R ORI IV TE, B, SOSE DD 22 WIS LIS A F— L TD
AR E > TV, AETIE, MIETOZRSET VRN ESBZ LT, P, R
AT Z &<, BB OE WA E KIRFHINC KIE T B4 fil © X 2 il b SR A

F—LZhETS.

4.2 fEMALEIE A % — DEEOFiE

EFREEL, BOSEDD 72 NI SOR A F— L2 5T 5 FiE L LTIE, KEURARGE
HEFBOS A F— L% b LR, SO A HI L T FEO L, /NRREZR g
JEAF— L% b EATRB TS U Tl e R A =2 ZEET 5 FEQRH 5. fiiE Tl
b7 FE % 803, [IHHK 3,222 £ TOHIICHE £ > THB Y HIES A+ THD. —T7, BE
TIHETEICHEY /28T A —F ORENEBETH Y, BEVELBRFICBOTH KL
MR TELDBREFIELZMAT OMLERNH D EF XD, FIEIZBWTIE, EERETH LR
T 7 4 RS DB T DEKRET ARUTH LT, OB & 2 FE A AR
~OERAEHE, B2 WIIIHIOREZE LI-HAZBINT 2 2 & T, RGBBHIRIISTE
HEKETNREBETEDZLER L. 22T, BBERIEA X — A TOBEEST X
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—ZBEICH, ZOTEERPHAERYOLRMELE, WHIER T2 FEZEMNT 2. K
DIFFETIE, REHZE D Ay OEEVIC K 5 & KENRF OEVE, RIREM LSS T
i T HCHO, He0: DENEHETH D Z EAWE SN TN DO, T, KETIEH
WAL A 2 — A CRREHEAL OB IG5 72012, HCHO, HeO2 DARFHEICER L, =
(XA A ROS RO EREER A, B2 R 5 Al OFIS 1T U TS 2 F
EEAWE. 72k, 5 3 EOFERFMRICTRA 7 # AR EHZ W TRy DIREIZE S
BHREHIRENEE Ch o Tolow, KEOLUERE KA 7 # AfiZe PRF70 & L7-.
ARETIER A1 IRT RO, OGHEEROEEZ LT OFIEL T 5.
1. KRB CH D PRF KIS LT LA F— A THDHRX—RAAF—L L, BHIEL T 555
KBIRET — & & el 5
2. N—2R A X — ADREEMHTA S, HCHO & HaO2 33 X OVREIC K L T ERY 7 LG
AEBET .
3. TNDHDUSHEEER A R bt g 7 A —2 & U TRbEIRAZIT), XR—ARXF—
IC CHEERBL DB KB 2 BT X 2 L O ICUNEREERERET 5.
4. HCHO & H202 (Z IR 22 BUGRD % fiei bt & & LT, IRARENC O KRR
ABBTE D L0 ITRELFRZTY, BERSIOG U TROGHEERZRET S, =
LD, LA —2E L CEREIE R R ATREICT 5.

5. ZOfHAL AXF— L2 HNTEIEIEREMTOHELITY, FHEBELZBRIET 5.
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RN—RRAX—LEFIENBET—3% %

HCHO, H,0,, REIZXEMHTILZERICKEET

LERORBEEEHZERBEERR/NTA—2ELTRELLEHE

[ BEmHOR K ENBNEBRTEARGEETEERE |

HCHO&H,0,I TR ERMIAE RIG KX D AERBEIL IR EL TRBEILETE

(RERSICHLTRGEERRERE |

Fig. 4.1 Procedure of developing the reduced scheme for multi-component fuel

4.2.1 fLERIEAF—Ah

NR—R L2 B AF— 2 L LT, Tsurushima (2 X W X7z PRF A O(LFRIG
AF—LH N0, ZDAXF—20F, (PR 33, UG 38 THY, PRF OFKBIL
ERELISHETEMEFRICAF—LE LTHOLNTWD. 72, RIFETITEEL T
DAEKBENRE T — 2 & LT, SRR & 50RO & KBS 2 3 MI KB LI LK
JRAR— LA TOFEMEEMND L L. 207D, # 1 BTk~~~ Model Fuels
Consortium TRIJ & 72 MFC 2011 Gasoline Mechanism® & MFC 2008 ETBE
Mechanism®% ~— L7z A — A Z{ER L CHW-. ZOAF—L4 (L%, MFC A%
—) 1%, bR 2,301, BORER 11,116 THO, A I F T X, I VAT X AN
2T, BIkD Mvx, 1-R_U T IR ELRRIRBIR 2 5 Z &N TE D, o, HAE

NEREM OFHREIZIE, CHEMKIN-1I (@& CHEMKIN-PRO % fu 7z,

42.2 MNBERIGROBEE
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HCHO, H:02 D AR &4 S RANIHIE T 5 7o O DL FROSRZIRET 572018, (KRR
{EEOGHE THE R T HCHO, H2Os DR &I 2 BRI 21T - 7. RIRER(L BSOS 7N B]
FIZH 5D PRF70 12T 5 700 K, 800 K COREMATHE R4 M 4.2 1287 Zh XKD,
KIRRR LSS H o HCHO, HeO2 OAERREICK L, G R6 OEEN KL E L, RWT

R21, R8 DIEENE T E oD,

OC7H1300H - CsH1:CO + HCHO + OH (R6)
CsHis+ OH —» CsHi7 + H20 (R21)
C7His + OH - C7His + H20 (R8)

ZIT, R6IF/IN=NAATZ o DORISHEMEOT T HCHO 24T 20 THY, ZDK
IR AR S5 & HCHO, H2O2 & HITHMT 5. —H T, R21IIA VAT Z b oK
HFRIEWERIETH DD, ZORISEARES 5 & BRI ) Vv~ T B2 ORJE DI
fil&4, HCHO, H202 & HITHATHEERD. SHIZ, REIF/NATANTZ LD
KB EHEIETH Y, ZOKGEMEESETH HCHO, H202 & b2 5. R8 D
BOSIHRE OFEIZ L 5 HCHO, HoO2 ~DRFIL R (IC K DR EFL ) L~ ~T T
E2RTH D720, R6 & R21 O Z DD UG A REL Gy DIEW 2 R BLT 2 72 DI SOH
EER T DR L L.

F U PP ILOFEIEIE A F— 2 & MFC A% — A TO5 KB Z X 4.3 1273, {KIE»
b st CREEET MFC X% — 2D M3 KENRFRNARWZ L3005, Lo T
x5 ARG, Ak R6, R21 (DI X TR COXF KBENRZH 1T 572012
i BB Sl SO 22 MR 2 R3T At g & L. 73, XM 4.4 073 L0 R3TITEVE K
REHACOIREE IR T D EERENZ &R Do T 5.

H:0:+M=0H+OH+M (R37)
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Fig. 4.2 Sensitivity analysis at PRF70, 6 MPa, A=1
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Fig. 4.3 Comparison of ignition delay time at PRF70, 6 MPa,
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Fig. 4.4 Sensitivity analysis for temperature at PRF70, 6 MPa, A=1
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4.2.3 ISHEEERDRE

SO B A Btz BV, RREMESUGREY o1 EBGE KR © o ZRIHNREE
MHZENZEN 0K & 500K EF-L72RZIEERZ L, £ b DOERZIH MFC A % — A TOjt
FMRIC—8T 2 2 L2 Ve Lz, SHERRO—F & LT, b AF—25 L MFC 2%
— A% MW, PRE70 TOAIHIET) 6 MPa, #IHIEE 800 K, ZEXUEEIZR 1 251 TOIR
J£ & HCHO, H20:2 DJEREA X 4.5 12737, EHHDAF—LIZHEWTHHHNRLENS 50 K
BELOH00 K ERAZEEE T2 2 LT, KRRCEUSKI L OBE KR 2 RET 5 2
EMNTELZENDOND. £, K2 ORHIZEWT, HCHO & H2O2 2348k LIHA L T
WAHZELROOLND. 2D, LA —LATD t1& 1 2% MFC AF— LA TO ¢ MFC
L T MFC|Z—F X% Z & CHCHO & HeO: OAERFMEZFHBLT 5 Z & 2lA 5.

F7o, b7 Y XA E LTI, Rk (Particle Swarm Optimization, LA
T PSO) E®OZ MWz, PSOVETIE, RE{bXIROD/NT A —Z (T DWW TERERL T & FEHTN
LEBOMEOMAGLEEME L, KFREOBRZEM L CRHMERE%ROME s BEEEIZT D
CEOREFHEIZEIV AT A=F 2 KT D, ENENORBRL IR Z &Il
RESHDN, TOREITZFOREEE TS, OFORLTHE MRS L VMR 5k E %
Bzl &l =Y FARAR) L, @QBRERRTOT Theb LOFHEBE S 2 572 &
EOME (TNV—TXZX L) 2D, 2Tk, ARRESET e IC L7228 > THEEISE
WS ERRBL A B AOICELE T2 Z LN TE 5708, R Lk Tx 5. 4RI,
PRERL 74010, BCEMIEC100 & L7z, FRERPNZRW T, £, WIHET) 6 MPa, 225
BRI L A 1 OKMETHIHIEEZ 700 K 7»5H 1400 K £ T 50 K Z 228 {b&sET
CHEMKIN-II Z flWV TERZ TOLFERISFIR ZITV, FRETO t1 L 122K, K
12, t1& 120ZNENTMFC 2% — L LHIE LA F— LA TORERZRD, HIRAERD

e B A L TR LB 2R BE R L7z, LIS, ZoORHliEIE B 27
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MFC _ MFC

Ef = 1420(5 Ufl MFCTII"'%QTMF_CTQD - X(4.1)

7=700 T 2

Z OFMBI DA TN 2 D L 9 7T A= OB EDEERER L. ok, EHExt
RETHNRIA—ZL LT, RISHEERD 5 LEERBO S % Az, ¥ 4.6 12 PSO
EIC XV b 21T > 72RO FHI BB D b O —Fl 2R3, 2D & 512, 100 HDKIEIZ
E o CEHBRIB DN B/ MECLZET 5 Z & AR L TV 5.

TV TN O AF— 2L MFC A% — A TOFHKENRFRIZM A T, PSO {E%H
W TR L L 72§ b A — AT & KENR 2 X 4.7(@I2R 7. Hai{bic X 0 ARIEA],
AR & BIZEIEE A F— L DFEKENRHIAELSRY, Jn—E0FGonkz. 2oL
D& KBENREH ORI T 21% Th 5. ok, AU VT LOfEIR{LA ¥ — L TlX R6,
R21, R37 OHEEREUL, T Eh 3.980X 1015, 6.000X 1013, 1.200X 1017 T o723,
Bt fgix, 2.885X1014, 1.430X1014, 2.013X1016 t72-7=. X 4.2 B XX 4.4 D%
FERRNTRS 5, R6 & R3T IISUSEE, R21IFSISHIHIOZEE Lo Z LR35, i
HEIZZ W R6 & R37T OFFREITEA L, R21 ORBUTEM L2 E2vh, = 20RIEAT
NRTTRISEIH L CEKENRRZRE L2 Enbnd. RIS, ZORE{EEDO A X
—LEHWTA=2, 1=3 &M TOREKEBNRH ZFHE LR 2 MFC 2 % — A TORER
L L, 2N ENK 4.TOITRT. U — U RIS CUHRIRERC RS A B9z /b & <
720, RIEEEIL T OB KBNRFR OIER SR 727, 2 OFMHEIC O N T L —F%
MEFFCE TS, kY, il bR —2Zx LT, REBR{EIETO HCHO, Hz20:2
ARUREE, KO, BUEKBOGS TOMRBEREICEH L TR LR LU ZIEDY, PSO k%
FHnWszZ&T, A=1 &£HTO 1, w2875 L) ICOSEEERE Falfbc& 7z, &
72, A=1 R TR LG A T —00%, V= R TOBEKENRR S LVHEETT
HARETH D Z LMD, SRIOMIEAF— IMERFIENANTHL Z RSN,

PIREIE, ZOR#E(bE DO AT — LB L AT —L ST L LT 5.
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Fig. 4.5 Comparisons of the simulation result by reduced scheme and MFC scheme at PRF70,

initial temperature 800 K, initial pressure 6 MPa, A =1
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Fig. 4.6 Transition of value of evaluation function
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Fig. 4.7 Comparison of ignition delay time at PRF70, 6 MPa
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4.3 MOERBER ST ~ DX I%

AIROMEY , KEOHMWIL, D722 FREICZI W THRE O R KSE & 5 T O 45 K FF
PWaERBTLZLICHD. HREOZLD & RALKFEDIREET HoO2 /L — 712 X 5 itz
WCEDREY, HTEENELR-STYH, EROEZA H 0 —T N5, EThuE, 1
VF I B PN NANTZ PO G DREG STVIZRBHZ B W TS, MU ER & 1%
T2 Z & TZ DO H02/V— 7 OFAEMR % PRF F OfEIEL A % — 2% AV TRl T g,
BRIR GBI O RS E 2 RBLATRE & B 2 72, DG, LRI U7z ROCHERS 2 H
WCEEIZR T 24T 9 2 & B2 B DD, AWFFED EIRITE 5 & T17 5 HCCI BRBEDH
WHEHZ/RL 2L 2dh D, TOHIL, WERISHMEEZ ZE L Z 0otk I 2 L —
TarEEETITO I EDRMETHY, ZTOHHOTEOARFETHSTOLI LD ET 5.
B, BREEGIUSLCZOERERET DNV — NV EWET L2 L TIEROEE TIRE

SNTBEHZ RS T 5 2 L2l AD.

4.3.1 MRSy TOREEEA L

TR OREFEE LT R 2, PRET0 IZHEIE TOMERELL 50 vol% ZIEA L
TZREL DA (V< N~T B i I F 7 2 kb =15 1135150 vol% ) 12\,
B DOFEERIT 5. AP, SBEREME 20D, £91F, b=
YEAVFITZAATRELT SNNRANT B o AV F 7 Z =15 85 vol% DERELE L
2. D9 2T, MV URAIZEL D HCHO, HeOz £ EOE(LE HHT 572012, Kk
X R6 & R21 OAEHRIT PSO 1E4 IV CHEMRE A Rk L7z, ZORE%, R6 & R21
DRI A TN 21 0.144 5 L 0.207 (FICEE L=, ZOMEA RV EHEREAK 4.8 12
AR RV AREIS KV ARIRR LSO I S D T2 d, AR RO 2 TH KR

MPNIERT 575, R6 & R21 OFiELIC L > TZORHEEZ LS HELAIRETH 5.
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F 7z, il AF—2hE MFC A% —ADZLEIT PRFT0 & FLT 50 vol% JRAKA
BHZOWT, RFEMRIBEICBIT S HCHO & HoO: DENGRIBREEZX 4.9 (TRT. KK
G DENGTEOMMEIT R D28, FAER], HARHIZE &L D, b1, b
VT ARG DBE L LT, HCHO, H20: OFARHIIIE E A YA LA2VAY, HCHO,
HOp DI A EAH S 41, FABIZ 2O ORI T 720 b KRN BN D &) D B
b LGB TETWD. 22T, EAGEROMIMEIZOWTIE, 800 KIiZT PRF70 % %}
GUZRIEAL A X — 22 A ) DTV OFEE AWK 4.5 180 TEMFC A% — 4 L bl L
T HCHO TR THY, H0: THH 1.5 HEWVHERTH 7. UL, Filfbkox
F— 2% M2 4.9(2) > PRF70 TiX, HCHO TH 4 i, H202 THI 2[5 < 72 572 H202
[ZOWTIE, FIEIR TOE KB Z T 2 72012 R37T OEZEHERE 2D S
7ol 0\, BGE KBIAAIZ LT 2 HoO2 DE/NGHENEM LT B2 5.

H:0: +M=0H+OH+M (R37)

—7%, HCHO O#MENR HoO2 IZH_RTENZ LICHOWTIE, fEilg(k 2 % — A0 EiR R G
BrEOICA L7 1 inE HCHO #4809 2 SUS R38 RFETET 57212, HeO2 DAL
PMEM U725 HCHO 23800 L T\ D 2 ENERKTH D L HEZT 5.

C2Hs + Oz » HCHO + HCHO (R38)

UEXY, £ VF 72RO N~ ~T B DS OOy 3 EA S T REHZ B
T, RERYEA Y A7 B ATHE L, RIRERLERIZER T 5 HCHO, HeOs2 ARV O &
WEREE RFRIZ PSO & AW CRGEE T 5 2 & T, 2 DIRAREN O3 SRV & K5
I<HET D ENTER. £, ZOBOTRARYOREYL, TORMEFHITE 5
ZEDERR T E T

WEITIL, BERAKEORERENEL LTGROV THRRT LI L LT 5.
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Fig. 4.8 Comparison of ignition delay time for toluene mixing fuel at 6 MPa, A=1

_88-



Mole fraction

Mole fraction

Mole fraction

0.03

0.02

0.01

0.03

0.02

0.01

0.03

0.02

0.01

Reduced scheme

- PRF70
Toluene 50 %

“|
-

< hy0,

L -
-

=1
0 0002 0.004

Time sec.

: N\

-

-
-
. I L L

0 0.001 0.002

Time sec.

A
P |
|
|

| L L R

0 0.0005

Time sec.

0.006

0.003

0.001

0.006

Mole fraction
e
o
o
i

o
o
o
N

(a) 800 K
0.006

0.004

Mole fraction

0.002

(b) 900 K
0.006

Mole fraction
o
o
=)
=

o
=
=]
N

(c) 1000 K

MFC scheme

PRF70

/|

0 0.002

L 1.

0.004

Time sec.

0.006

>
>
-

0 0.001 0.002

Time sec.

0 0.0005

Time sec.

Fig. 4.9 Comparison of HCHO and H>O; history
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4.3.2 FEEOEBEAEIEG~D3IE
WIZ, PRF70C%kT 25 b DIRAEIGEZEE L7-BED R6 & R21 ORI DAL,

F Raoy %X 4.10 1277, 728, ZE Ran FKROKMA.2)TERIND.

Tol R(Tol X AO it(4'2)

22T, Am I TEGEIE SNTEBELREL, Ao 1X MV URARTOHERETH D, X 4.10
L0, M RAEIGD 10 vol% TR6, R21 & HIREIIRE <720, IRAEIE M
THIECONTKRFEINSL 25 5RO X ST, R6 1L/ IV~ AT H U DRISHEETH D,

ZORIEERESESH & HCHO, HeO2 OEMMMEES D, £72, R21 (34 VA7 &
DIRICHEETH Y, ZORICZRESE S & HCHO, HeO2 iZMfl D, Z D, KT
BEICBWT R ? 10 vol% BAE, /A~ A~T %2 )vb0 HCHO, Ho0q A% 2112
S, MU ERE LA VA7 Z o bOERENH SE5 2 L TREINTND
ZEeWNbnd. B, ZITHRASNIE MU EA Y F 7 X2 ATHEAELTEHEL T
57z, RON 23 120 D &4 7 Z AlHEM T D MLz OFEZRKBL TV D LB 2 b
L. L2 s, MU REAFIGZHENSE D120 T2 OfEITHisL, /1~ r
AT ZU9nb 0 HCHO, HeOz BRI Sh, MU ZG LicA Y A7 Z o bDAk
BUIEESND Z Enbns.

IHI, AV T 4 R OIRFEE LT, 1T U ERE LRRORELFHE 21T 7.
R6 & R21 DR DZEALHR Rpen) %X 4.11 17T, 10T BT, BRAEIA Y
MBI L7223 > TR, R21 DREADV/ NS LK 2D 2 RO LNT. 72720, BRAFIEIC
& U CHFRIREDN NS D 2 e0h, My L3R RV IREEIAITKLT ) v~
AT L b0 HCHO, HeO2 ATl S, FIRHC 10T U &G Lt Y A7 H
UINBEDOAERIMEESIND Z DD, ZOZ L, RON 28 90 THY A VA7 Z0Z
HRTEA 7 2 Ml ChHD 1-_ T ORMEZNM L TS EEZbRD. 2O X1,

FHOIRE SNDBRE I LT, IREFIE LA SO RINEEER ZRE L,
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Bh gl T % A RefEN

Q

TR X T
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t |
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Fig. 4.10 Coefficients modified ratio for toluene mixing fuel
10.0
T ©— R6 : G,KET => CsH;;CO + HCHO + OH
oF i B R21 : Catha + OH => CaHir + Ho0
°
,E i
T 10 0O
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Fig. 4.11 Coefficients modified ratio for 1-pentene mixing fuel
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4.4 BERSEZUDUETVICEIT DR
4.4.1 BERSG DREBERGE

MLz % 30vol% , 17 % 20 vol% {RA LTIZBEL (v~ ~T a2 g A7
H iRy 1207 0=15:35:30 120 vol% ) TOFHKENFFMAZFE L. 22T
DMz, 1T CORAEIEE, ENOTY Y o ToTr~R, LT 4V RESO
KEZ FRMEE Lz, ZRETEY D EA Y47 2 AL, R6 & R21 ORJGHE
EERIT D & 1-_ T U ORAEIRITG T, K412 1R T L ISRET S, 7,
PRF70 % v b 1-_U T U OREGEAIIS L THEIL, ZNZE1L% Fuell & Fuel2 &
T 5. WIZ, Fuell & Fuel2 TOZLE R IEK 4.10 BLOK 4.11 OfEx AV, HiEIC,

FNZENDOELER % Fuell & Fuel2 ORFEE A TH(4.3)D X 5 ITE Y L CTHWE=

A= (R(Fuen) X Fuell+ R, .2 % Fuel2)>< A,

Tol% Pen%
=R, \x——"2" 4R, x— " IxA ...:%04.3
( (To)) ™ T01% + Pen% (Pen) Tol%+Pen%j 0 il

Z T, Tol%, Pen%lIZzhEh bz, 1-X0T U ORAEAETHS. ZOEEHANT
BERENRZ R L2RER, K413 1R T L9118, Jn—E»riEoniz. Moz r % 30
vol% , 1-_2T7 % 20 vol% JEE LToREIO R SRR OFRZEIT AT 20% & 720,
PRF70 COVHJRAZE 21% & HEFFCE T D, &0, BEERS ORAICOVWTE, Zh
FREMTORAIC K DS HEERDOEBCRZREGEIS TNEFEH L THNWS Z L T,

BBV Z R L CRHET 2 2 LN TH S,
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Test fuel mixed with Fuell

: R(Fuel1)=R(To150%)
several components

Toluene
Toluene
%
PRF 70
1-pentene
PRF 70 % Fuel2 : R(Fuei2)=R(Pen50%)
1-pentene
PRF 70
Fig. 4.12 Procedure of determining the control factor
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Fig. 4.13 Comparison of ignition delay time for toluene and 1-pentene mixing fuel at 6 MPa, A=1
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442 TUVUETIVTORGE

EGR 3, BREHEy, ISP K DB KR~ OB LR T 572012, =P E
T TOFHH %Z CHEMKIN-PRO % AW C, flilg{b A F— 24 & MFC A% — A2 TTo 72,
£9, REIORIERLRIS DR B EZZ TRV A =1 TOHREEZIT->7-. SIREETOERAR
BB DRERETHDL T VA V= a v EBE LT, RN AMBERESERE 1500
rpm, JEAFEL 15.6, IVC 148 deg. BTDC, 1=1, EGR £ 0%, JEAEEIMAIEE 397.15 K &
L, #BEHZ PRF70, kx50 vol% RAEELE Lz, X 4.14@ITRT K D12, BREHK
SR DEKRFH OB REE L KRB TETEHY, K 4.8 1R LIZEKENRRE 252
BT OCHETERE WD Z & T, BEANZ TRT L2 ENAETHS. Fs,
flilg b A % — L ToO HCHO & H202 DE NGy RENEZ X 4.14(b)IZ, MFC 2% — A TOJRE
JEZ X 414N T. 22 THERSOFEMR &[RRI, B0 DTN EOMHEIE
R D0, AR, HEARIZLS - L TBY, M= EAIZL > THCHO, H20:
DORAERINTIE L A EZE L7202, HCHO, HeO: DRAERNIHI S, SH2Znbo
THRREH 372 B KIFHIZNEILD & W0 ) R K <R T& T b, kiZ, HCCL ke %
MEL, sHRSME 2 =2, JEMERMAIRE 427.15 K & L7-. [X4.15 12 PRF70, EGR % 30%
BILO50% TORERERT. EGR RO LD ISIH OEZFH L, &R
A EARBALAF— L THRIAAFEL LTS, 512, [X4.16 12 EGR % 50%, PRF70
BEO M= 50 vol% IRAREF CORERZ T, BREHSC K 2385 KR~ D213 Y
—VEHTOEUVUETAAETHHHTE TS, £ L THREIC, EGR % 30%, hL
T 30 vol% JREBREHZXT LT, {HM bFfEE LT OH % 10 ppm I L 72BRORE R A X
417 (AT IR PRI X 2 BEEEZ R & MFC A% — A% W3 EAERIC K
KAELTEY, ZoRENFEIT, HCHO, HO: OFRAERANEMT LD THHZ LD
4.170)B L REO»HRBRICED bD. 72k, ZITOT LV rETAFREIZENT,

LA o — L2 HOTZ85E T, AR, FOSED KB MFC A % — A2 Wiz
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AT THERBITA 97 %IZ AR TE TR Y, MR ARKEAF—22 N5 Z L1
£ D FHE B A~ OEALMED R S Tz,

LIk, A=1 &Ik T 5 ERIREOE KENRF#Z, FHTE 5 X9 ITHEE L fEilg{t
PUSAF—=LZHNTZ P BT VTORREEZIT 72, 20K, EGR H, 1, kK
57, TEMHALFREOEWZ LD H EE KR~ B L FOVGERH TRE LSBT 2 2
ENARETH DL L ER LT,

WETIE, 2D % S RTEHARG RIS 5A 2, HCCLRBE DRI a#t 2 R%E+ D 2 &

LI 5.
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(c) HCHO and H,0» history by MFC scheme
Fig. 4.14 Fuel components effect in engine model at 1500 rpm, CR 15.6, A=1
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(c) HCHO and H>O; history by MFC scheme
Fig. 4.15 EGR ratio effect in engine model at 1500 rpm, CR 15.6, A=2, PRF70
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Fig. 4.16 Fuel components effect in engine model at 1500 rpm, CR 15.6, A=2, EGR 50%
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Fig. 4.17 OH addition effect in engine model at 1500 rpm, CR 15.6, A=2, EGR 30%

_99-



45 ¥£&¥
LS, SOSE I3 2 & 7a <, BRBHIHBR OO A3 KN XIF B 25l T

& DMALSOGE A F— DDA AR TR, LT Offim 21572

1. fEilg LA — A1kt LT, RIRERLEUG T HCHO, H202 AR, KOV, #UgF KK
JETOREREIZE A L THRERDUSAZEDY, PSO EXZHWSZ LT, 1=1 %
FCD 1 BL P 2N —FT D LI ICRIGHE T A Faiifb T& 7o, £/, A=15&AFT
i LT BOS AT — 0%, U — R TOBRKENRFH S LWHE CTTRIFETH S
ZEPIRENTZ.

2. AIF T B RN N~ T Z LN DD MRS ST EHZ B W T, RS
AT HATHEE L, RIEBERISICH T S HCHO, HeOs2 A RIS O i\ G
Xz XRIC PSO X AW TERELT 52 & T, ZOIRAGEIOE JGEIRFR ZAEE X
KEHET 2L TER. £, ZOBOTHARDORES, TORMERBTES
LR TE L. , BFRRE L DIRGITR LT, IRAEFEGE2EE I EEEO
POSHEEES &2 RE L, V—btd 52 & T, ZOms2 HCHO, H2O2 £ KIEd
B ERLTE DR R ST,

3. BE DIREIZONWTIE, ZRENHEM CTORAIC K5 RGHEEROELEZRE
FETMEFEH L THNWD Z LT, ERENRHARKELSHETL2ZLRAERTHL.
I HIT, A=1 FMHCBT D EMREBOE JENRHZ, BB TE 5 X 5 ITHEE L 7=
BGEA R =B ANTCZ P BTV TOREEZI T2, ZOE, EGR FE, 1, &
BEESy, TEMHALFREOIENC L5 B CE KR~ O B2 B FHR R CREE L < 8L

THILBAETHL ZEERLT.

4 EBEIM

- 100 -



(1) Hashimoto, K., Koshi, M., Miyoshi, A., Murakami, Y., Oguchi, T., Sakai, Y., Ando, H.
and Tsuchiya, K., “Development of Gasoline Combustion Reaction Model”, SAE
Paper 2013-01-0887, 2013.

(2) Hu, H. and Keck, J., “Autoignition of Adiabatically Compressed Combustible Gas
Mixtures”, SAE Paper 872110, 1987.

(3) LW gL, WEIHAT, 2 BE, TR R, “OFHED RALKE DRBEROSHNEIZ 5 2
R, HEELRN 2R SCE, Vol.41, No.3, 691-696, 2010.

(4) Tsurushima, T., “A new skeletal PRF kinetic model for HCCI combustion”,
Proceedings of the Combustion Institute 32, 2835-2841, 2009.

(5) Puduppakkam, K. V., Naik, C. V., Wang, C. and Meeks, E., “Validation Studies of a
Detailed Kinetics Mechanism for Diesel and Gasoline Surrogate Fuels”, SAE Paper
2010-01-0545, 2010.

(6) Yahyaoui, M., Djebaili-Chaumeix, N., Dagaut, P., Paillard, C. E. and Gail S.
“Experimental and Modelling Study of Gasoline Surrogate Mixtures Oxidation in
Jet Stirred Reactor and Shock Tube”, Proceedings of the Combustion Institute 31,
385-391, 2007.

(7) Kee, R. J.,, Rupley, F. M. and Miller, J. A.,, “CHEMKIN-I : A Fortran Chemical
Kinetics Package for the Analysis of Gas Phase Chemical Kinetics” , Sandia Report,
SAND 89-8009, 1989.

(8) Kennedy, J. and Eberhart, R., “Particle Swarm Optimization”, 1995 IEEE
International Conference on Neural Networks: Proceedings, 1995-11-27/12-01, Ieee

Neural Networks Council, 1942-1948, 1995.

-101 -



FBHE ZRHEHIXE T & B LS R ¥ — 5 % FV 7= HCCT BRGERIE o feat

51 # W

% 3 B CHEE L7 HCCI RBER I O PHIE T L ROMEN D bbns Lo, HOHEK
Rl 2 kD 5 FE R+ & LT, RE, B, BERETOND. EEOZ D UIIEBIT5
BB OEREERN T 5K 5.1 187, B, EAC O CUIEMERAIRE, A3E
fakk, MAHRK, HELCIRED. 22T, JEMBAIREIE, WROURE & N EGR & Tk
0, AEMIIBREEREERZAMI A I 7ICLoT, £, HEBREI= Y
VOKIR, PREMRITZZRREE, EGR =, R AEIEGTHREDS. I 6T, BEHTOWTIIRE
BREL L COZRRE, EHE L3 AXE L TR ONEETH S, Z0LHIcmr
NZBWTHOE KR ZRD DR FITEMET LR TH LD, T b3 E T 2 Rtk R
FHERFICE - TRRD, BARIICIE, 22RO XD ITREEN &8IS0 T, — A 71
TEETHTHHLOL LT, MESARO L HICTRY v MERE L L b ICHERAE VR
MTEHTHLOLH 5. 2 LT, EWEBNIHST 2 HI TR L LTiE, AIEn
NTEA I TDEIEEREDORNFENRNIEL /0D, — 5T, BEERIZHEBE O
WMBREBO XA I T ThDHD, T HHIHFEIIIEERELER L. 20k
W, RECIISEREITEONLZE L THIET 2 2 &N TE L0 DU KIRIC LV BB

DEBEHET 5 Z L2 & LT, AT TR L2 ENI iR T & 5 il ki

P

Jis A — 2 & HIO T =R b A OGFH R 21TV, HCCTRBERIENZ SV TR 5.

-102 -
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Coolant temperature IVC timing ‘

Fuel component

Fig. 5.1 Factors influencing ignition delay time in engine combustion
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Table 5.1 Engine specifications

Engine Type DOHC 4-valve
Bore X Stroke mm 87.5 X 94.0
Displacement cm® 2261
Compression Ratio 15.6
Combustion Chamber Pent—-roof
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ﬂ7'T ............ Toy To(=T, 1)

Fig. 5.2 Schematic diagram of the modeling

(wex
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(a) Cylinder pressure and heat release rate
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(b) Cylinder wall surface temperature

HCCI combustion characteristics at 1500 rpm fueled with PRF70
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Copper

Insulation
0.013 mm

Constantan

Vacuum deposited plating

1-2
® 1.55mm “

Fig. 5.4 Details of thermocouple used®

Fig. 5.5 Schematics of a thermocouple installed into the cylinder head
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Fig. 5.6 The effect of coolant temperature on cylinder wall surface temperature
at 1500 rpm motoring
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Table 5.2 Calculation condition

Engine Speed rpm 1500
Intake Pressure kPa gage| 40
Excess Air Ratio 2.0
Intake Valve Close ABDC | 32
Oil Temp. °C 110
Coolant Temp. °C 95
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Fig. 5.7 Comparisons of pressure and rate of heat release histories
for each temperature at IVC (Part 1)
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Fig. 5.7 Comparisons of pressure and rate of heat release histories
for each temperature at IVC (Part 2)
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Fig. 5.8 Comparisons of pressure and rate of heat release histories for each fuel at Trvc =455 K
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Fig. 5.9 Relationship between coolant temperature and ignition timing
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Fig. 5.10 Relationship between coolant temperature and indicated thermal efficiency
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Table 5.3 Calculation condition

Engine Speed rpm 1500
Intake Pressure kPa gage| 40
Excess Air Ratio 2.0
Intake Valve Close ABDC | 32
Oil Temperature °C 110
Coolant Temp.
Cylinder Liner °C 95 - 135
Cylinder Head °C 95 - 135
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Fig. 5.11 The effects of coolant temperature on pressure and heat release fueled with Pen30
(H means the coolant temperature of cylinder head and L does that of liner)
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Fig. 5.12 Relationship between each coolant temperature and ignition timing
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Fig. 5.13 Relationship between each coolant temperature and indicated thermal efficiency
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Fig. 5.14 Comparison of average gas temperature
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Fig. 5.15 Temperature distributions at TDC
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Fig. 5.16 Temperature distributions at 5 deg. ATDC
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Fig. 5.17 Wall surface temperature distributions at pent roof mesh
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Fig. 5.18 Transition of pressure histories fueled with Pen30 at Trve =460 K
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