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Figure 1-1  Transition of world motor vehicle production "
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Figure 1-2  Transition of energy consumption at each category in 2012 ®
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Figure 1-3  Fuel economy standard at each area
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Figure 1-4  Transition of tailpipe emission limits at each category
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Figure 1-8  Schematic of newly developed single point injection (Ci) ¢
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Figure 2-1  Overview of unburned hydrocarbon emissions mechanisms in Sl engines
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(a) Pintle injector (b) 2-hole injector
Figure 2-2  Schematic of fuel injectors and spray shapes "
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4-hole nozzle 12-hole nozzle

Figure 2-3  Schematic of multiple-hole injectors and spray shapes

Aspirated air-assist
- - (AP=50kPa)

Hole nozzle Multiple-hole nozzle

Figure 2-4  Schematic of air-assisted injector
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Figure 2-5  Kinds of valve timing control system ¢
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Figure 2-6  Gasoline injection system configuration
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PREL s n-heptane (% ££:0.68376g/cm*@20°C, #5/£:0.4169mPa-s@20°C, 7&5%/+:4.6kPa@20°C)
WREHE (P 5 300kPa
EEHHIRICT) 5 4.2ms
SHHIRTTE ;7 AV T 50mm (2 HEED KM ZE o L)
FHHRES ; SHANIE CEFERZE L D 2 A I v 7 TERA
HIEREL 5 20 [6]
T — 2 B
B Yy s T AT —
* ZEHGELATE ; FVRIEA Y

WE &S 4TV (BR 25 - JER 2 1) FrA OB — b HFREBEE~DOBREHMTE 2 e T
DIZ, 2 FMOWEFEZ KL TV D
W OEZRRE (SMD) AT 5 &, (@QTERES 7Y 320pm FE TH L DI L, (b=

T T A MERTRE, R EEDE <, SMD X 50pm &5 T,

Table 3-1  Test engine specifications

Engine Type 4-stroke, In-line, 4-cylinder
Valve Mechanism DOHC 4Valve
Displacement 2,164cc

Bore, Stroke 87mm, 91mm
Compression 9.5

Fuel System MPI
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(a) Conventional Injector (b) Air-assisted Injector

Figure 3-1  Schematic of fuel injectors

SMD 320pm

Aspirated air-assist
(AP=50kPa)

(a) Conventional Injector (b) Air-assisted Injector

Figure 3-2  Spray shapes
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T 7 —Hi CCD # A 7T, AmFEL 41 TRFETHLH. A hadtidxt/ 224 7T, 1
7T v aBi ) oz xX—; 8J, PR 12~25psec A L7z,

AT DOEAT ¢12mm T, ZHZEDDHHENZOELRIL 6 13mm THDH. WKAR— hOBA
HREIZ 9D B A T OBRERESGITH 10% T, =Y mlintt (Ne) 23 3000rpm LA T Thit
T P ORI E L TOREIT NSV, KA — MNOEEE A L0 IR T 2720
g, A S rASROEE, RIS MOBEE P HEE CLREE L.

B 3-4 (TR dEEO 7 v 7 a2 R 3@, /N TV I 27 OBHE ST, A raRdé & A
LT, ZVFNDTL—LAEY —ITHR—/V RFH2 LIk, AR omgob 55
TEE Uiz, A MuROFNS A I 2 7 2RI C A S OEZRI 285 Lc. Zh
28D, BRI T 28N E A I T EEZDH T EICLY, BRORIZEIT HEFHEEE 28]
BIHILTED., £, MRS L TRNEIA I T EAAL =TT 52 LTk, HEEH)
DA RN FIREL 72 5. A b ARFEHIA—/L K &7 mifgidniiiko VIR ICFisk - BESh 5.

Transparent acrylic
= A \l/ Intake tube

\" t
o o
7 2 Strobe

Holder Strobe

| 12

Micro TV camera

Figure 3-3  Photographic system to observe fuel behavior in the intake port
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EF1 controller
_n__,.l;__n_ gg I Trigger controller  Digital frame memory
; ==

} =2 o=l

Injector

~———_ Strobe controllery Video recorder

< l]@ ® oooo ﬂ E

Strobe .
Y
[E_TE>——>{)::: cooof-
Micro TV camera  Camera controller 220

TV monitor

Figure 3-4  Block diagram of the strobe synchronized TV-photographic system

3.1.2.  RER— DRSS

4 3-5 1%, TERBMES S TOT 2 ¥ mEEERE (222 L IKIR Tw30°C) & R OO i
e (2 AKIR Tws80°C) (31T 2R L7 SR I L Mg (DL%, IR RN
LT LR OMEBZERE OB 2T, AL, Ay MR R A SR
(BB T Pmi-53.3kP) T D, MIEIRHTE, WA — MiEfds LU V7 A& & 6 IR
FEAMRL, F7MESEREL B AR BIREE MR 2D, W SN, A — MRS KOS
NT RIS AE L, RIEEZR L TS 2 ERBIE S, sk LG, RERIE, %
KB TES P MK REREE S EH- L Q0D 720, MEE SHUTRERD & ORREER Y- 72 0 iRk
TR0, WEIRERE S KRR LT D,

X 3-6 1%, X 3-5 L[S, TERUMER P TOT L P GREEIAN (=2 YL /KiR Tw: 30°C) 12
B DMEFEFI T, EEREHNT, Ay MVREBWZ SAREIERE (RKE TS Pr-0.5kPa) 0
W E AR T, WRUE (P BSKREUTITV REEIC 7 D S HRAT COWAEIROMET & e, Tk
SR D\ 225 L BT 5728, ANERIC O EE - L a—AROWEFE LT B,
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Ne:1200r/min, Pm:-53.3kPa, Conventional 2-hole injector

Closed-valve injection (Tw:80°C) Closed-valve injection (Tw:30°C)

Figure 3-5  Fuel behavior in the intake port (1)

Ne:1200r/min, Pm:-0.5kPa, Conventional 2-hole injector

Closed-valve injection (Tw:30°C)

Figure 3-6  Fuel behavior in the intake port (2)

X 3-71%, =77 A NERFTOBM - BARTERRE (R5E)ET] Pm-53.3kP) T, WXL
7 BRI R U O (LA, WAURIEAME S & 500 L2 o& R — FINOMEFE SN 2077
[X] 3-5 ORERIIE R Fp & LB L C, =7 7 v A MEFFOEZET, 7 A F2ERIT X0 ERRERN

_34_



£3E ARELER—-FEHFXAVI I VDO TOBRBEFHORIHRIL

R S D T DWAEIROEFZE W L, BOWFEIROMEFZEL 720 ) U HARITIA L TND Z &N
BEREnz. £72, ZOWRAKIC LY, BER— MR LUK L 7 AR A~ OBREMT 5 A3
WA+ 2 2 LR TX T,

Ne:1200r/min, Pm:-53.3kPa, Air-assisted 2-hole injector

Open-valve injection (Tw:30°C)

Figure 3-7  Fuel behavior in the intake port (3)

3.2. I UUURNDBRHERE S UREEFDRIEE

3.2.1. EREBEHSIUAHRILAE

TV RN OBREIZEE) & RBEAEEY A 81223 2 SEBREE S L OWBUE B DV GhR~ 5. £
WIDIZ, T2 P U AANOBREREE) I LIS B OV TR RS, X 3-812, U FNOkEZEE %
BERT DT T ALY o H D O R RT.
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v 7D 4 FLES, WE 15mm OFAEIY T 2 U EAPRATEX S L9591, RTZIRTHINT
llc. WAV U HE D URED DIREERDEZE DO RN DI, BT A K&
S Ay MLV ERFFLTZ.
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WAL BIFT V) UARBEROWBRE S 2 FE Dy LREICT 572018, A4 VORIUEEZ A
Zlz. &I, YU rHsy ROBRBESEI P DMBIETE D L 91T, ARMOT T ZAR LT T-.

Cylinder head

e
(t27) \ Q ZX

Quartz glass cylinder
(t15)

Cylinder block

Figure 3-8  Schematic of the glass cylinder engine

X 3-912, vV FEEmA~OREMIE D58 & Al 3 2 B4~ . T7 AT X REH
DRREHFE & A A VATEZ KRIT 272, BREHTEIEAIZ IR LERINRA IR L Cllg2 L. &k
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DRz, ORI D OBRENT, 4RINR Tl S AU R 540nm 4 i & 3 2 SRk .0 AT A %8
HT DT, U FBEEITAIAE LI OB rTREL 72 5.
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UV transmitting filter

Fuel with
Cylinder wet fuel ) &Jorescent dye
N\
LSS

Glass cylinder

Mercury lam
Y P Camera YV absorbing filter

Figure 3-9  Photographic system to visualize fuel wall wetting in the cylinder

Metal mirror =7 % ﬁf%
Schlieren lens 1—‘ %y
/‘g (o)

\ &
Half mirror - f@

Pin-hole

Condenser len

@.?

Light source

Cylinder head

Quartz window
Focusing lens

Camera

Figure 3-10  Optical setup to take schlieren image and actual image

WIZ, BRBEEN COMRBEREN 2 AL 5 v 2 U — L UAREEEIC DV Tl R D . ¥ 3-10 (2R
BEENEZ 2 ) — L BT DTSR OBIE 2T, BBEENICIE Y = ) — L Ui A RO 54
B 7= AT BEE NG TE ey 2 ) — L AT, =T I T =T A ZRNZHEL,
HATRIFIE IRV T =LA TDA Ny EREL, X T—HTEBRENATITHE Y 2
UL L BB AR LT, ZONFEE T, REERNOY 2 U — L8 L g h R B0
AATTRERTEDLOITL, MEDORHIZLOXHBIZR A TREE LTV D.
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3.2.2. 2V U RDRMES

X 311 12, FERBUELSRTO, WAURIIESE (W L7 BFrRe IR L CHEdh) &
FERGINE Ry (WS L7 PRFRIEIIINC IR L CRel) oAl (=22 ki Tw: 30°C) 128
T %) HREmASOBREMTEZ I U ORT. K 3-11 OFEIZEWT, A< A 585503
U v SBERICAS A LI OSSR REIR TH 5.

W SR FIHARE S CIE 2 B OWRIRIREL DS S L 7 it LI SV 7 LTS 2 o2 U o 5B
HICESER LT, VU FBERIOAA VT 4 L BTEEBAE L TO DR BER S D,

Ne:1200r/min, Pm:-53.3kPa, Tw:30°C, Conventional 2-hole injector

Open-valve injection Closed-valve injection

Figure 3-11  Fuel wall wetting in the cylinder (1)
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Ne:1200r/min, Pm:-53.3kPa, Tw:30°C, Open-valve injection

Conventional 2-hole injector | Air-assisted 2-hole injector

Figure 3-12  Fuel wall wetting in the cylinder (2)

X 3-13 1%, WRIFHIMESR COITRRED T Y o Z BB & DIRREZ L2 7~ . RRATIE Tl
WSS SV T LR DA D ) o S RERm I CEBEZE L, ) U FBERIODAA LT 4 L
(ZREEDMEE L QDR MBI T X 5.

WKATRED BIEMETRETIE, 2V U FREMICAAE LTDREHIA A VT A LV ATWE LE A F s
VEREICETCRIEL, £z, —EHORBREHIA A NMICETIAATIRIETESHICE R F U U 7%
WE L7 7 7 BIIETESTOVDRETFPBEEINTND (AT ) 2a—a ).

HRATRECIE, A R TFRETDICONTER b by 7T 0 REICERY IAE TR O
U U HBEIR IR o T BT BB 5 Z &R TE T

BBE% S, ZOMEREBHIARBRIRREO £ R L, PEXITIR TE X FUB EAT 51224 TE R
oY TRE BTN, @IROBRBET AZS 5 IND 2 LIT XK 07T L0 b iR EE ORI
HC & LTHRE SN D b LHERIS D,

4 3-14 1%, (HRIEEERFIZ IS 2 BRBEE N ORREHI R D 2R LT D, TERANEES R T,
SEOMEINBIERBICEZE L, BREMIEEZBR L TS, —F, =77 A MERFTIE, BRE
(2 2 ENORDRDIREI DT L TV SRR TR RIIRIEIED L TnD. ZhE TR TE
£ 21T, vV o HBERIFS JOWRBEERER T WA — N COBIEHER & [FbE, sy C 3t
BICHANODTNOEE T THREMITE EITZ < o> T D,

_39_



£3E ARELER—-FEHFXAVI I VDO TOBRBEFHORIHRIL

Intake stroke

Compression stroke

Ne:1200r/min, Pm:-53.3kPa, Tw:30°C

Conventional 2-hole injector
Open-valve injection

Figure 3-13  Fuel wall wetting at each stroke

Ne:1200r/min, Pm:-53.3kPa, Tw:30°C, Open-valve injection

Conventional 2-hole injector

Figure 3-14  Fuel wall wetting in the combustion chamber
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Ne:1200r/min, Pm:-53.3kPa, Tw:30°C, Open-valve injection

Expansion stroke Exhaust stroke

Figure 3-15  Unburned HC discharged from chamber wall
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Expansion stroke

First explosion
(Strong red flame)

IPJ

"
4

gLk

Second explosion
(Red flame)

Third explosion
(Blue flame)

Conventional 2-hole injector

4th explosion IS
Closed-valve injection

(Blue flame)

5th explosion
(Blue flame)

6th explosion
(Blue flame)

7th explosion
(Blue flame)

Figure 3-16 Explosion during the cold cranking start
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il 2 DOFHALFEEZ VT, EHREIOWSKR— FNBRERRE), o U X NEREREE), T2 U —
L Ag3s L ONTHUE D[RR SRR L DIRBERE DB 21TV, = ¥ IR OIAE) - IEHE
FROMESFHIREL D~ 7 B BB OHWED D FREOEN R A7z

(1) AR — MREERRE, WA L 7 AR L ARV WRTHIRFI IS, MEERHRER) D ORREIZRIE S
BN E L, WERAR— MEERIRS L O IV T ARSI E TOR S 5. = P Ol
BEDSHEL |2 HOFUTHESRREND b DBRERFE DS < 720, IR FED S LT,

Q) =77 A MEFTHTIY, W OWRIRA Y D3 L, WA — M EER, W L 7 AR
Fif, PRBEERER LU Y o FREHA~DOIREHIE MRS 2.
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(3) PENRFUEEF R ORI L~V C, BRI S (W5 V7 BT [RI] L CrElt) 2179 &,
U o ZREM TS EHRE N EBEE 22 L C, VU U ABEI DA A VT 4 IV NI B OBREIDMT
BT D.

(4) 7V A PZERUS L DB RIS 2 =7 7 U A MESFR TR, BROEENGFONLT20
RIS C RN T, ) o FREMA~OMFERERS RIS 5 2 & AR T & 7z,

(5) U U HFBEHA~OBREMIE G, WRAR— F TOBIESHER LRI o Y U A L,
TV DOIEEE L HICF ORI T 5.

6) >V U ABEREIAHE UT2IREHT, BREBEITRS, BEXUTRER L OWROWSITIETY Y o X BEm 2K
WIS TRRY, —ERIZEA M7 LEREEZRBA LTI 7 7 RICETELTND (A NVHZ

/( U:L_“‘/EI V)

(7) BRBESREEm-C, 7 L EAERICAAE L OO, PEXITRE CRUE LARIR HC & LT L
7l PR S D,

(8) Z DBEHEIMREIEENC L, =0 U U IBRRENRF OBRBEII A 7 MBI Ly R L—2n BT
No—T L— MM L, FTREERENCIE, 7 L E R L OBREIOBEE L bbb L v K7
L— A0V S 7.

*SAE O TfE#457C, SAE paper 95044 (1995) A FaR L CThNEdisE;
Reprinted with permission from SAE paper 95044 (© 1995 SAE International).

Further use or distribution is not permitted without permission from SAE.

SE 3k

(1) M. Namazian, S. Hansen, E. Lyford-Pike, J. Sanchez-Barsse and J. Heywood, “Schlieren
Visualization of the Flow and Density Fields in the Cylinder of a Spark-Ignition Engine”,
SAE Paper, 800044, (1980)
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Injection Engine During Engine Warm-up”, SAE Paper, 952481, (1995)

(3) J. Sterlepper and H. J. Neuber, “HC Emissions of SI Engines — Optical Investigation of

Flame Propagations in Piston Top Land Crevice”, SAE Paper, 941994, (1994)

(4) K. Saito, T. Igashira, N. Nakada, “Analysis of Oil Consumption by Observing Oil

Behavior Around Piston Ring Using a Glass Cylinder Engine”’, SAE Paper, 892107,
(1989)

-44-



F4E HEERBEARA-FEHFXAVY IO TORBES OB

HEEEE R A — FEHKX AV IO UTO

o
N
g

PRI BN DR *

% 3 D MPIL = ¥ TOBBEER AL TH LN L2 K 918, = P U imlkeOLaE) - 1
BERFR BV TURRIRBREIR = o P NG S D 728, TEAR— MNEB LU U v HINORRERE
BN IAHET, MBS 1 A 7 A OBRBIREN A A 7 VRSB - PRI D 2 L I3IERICREE T
HY, ZHWETONFEL, BT X 28T, mISESHTRHNT K DT 72 SRR 2B AN T
BHo7=0-08, F 7o IR TATHEZ DWW T HIFTED D BTV DS, SRR HIEN IS
T 5 LrYUZIEE VR T - 7219~00),

Z T, UV UGE) - BEEEERROY A 7 VEOREIEENER L, WA — &Y A D%
PEMTE BB L O VU HC 29 A 7 VRS E BRI 9 20 E O IEE 2B L, ZOE
BALEAR T, OV A 7 M gORREREI 2 ERL T D Y B WTTIERIC LY, oY
HEH HC (2R3 DR & VBHAR DR DWW TEEZE L, 168) - RO D HC (K3 7THE
P & BEEH NSOV TREE IR 7=

4.1 EBEESLUVFATEA

411, #EHEzo oy

FERIZHWZ_R—2 2 U, 4 B 4 5FO MPL =220 G, PR &L, 2.2Liter ©
5. TOTEHTIE, F3EOMRAT DU LEFRIUTHD (B3, £3-15H).

M 4-112, 7747V ZiEHET, WRAR— MIEREEFwW), ¥V o ZEREEF), R
REHEF) 3 L O 2 U HC & 0B L CE R 2 EBREEE 27 3. KA — FB LU
VAP TIAD HAVTEREHE, 2424 200°C OIIEZERIZ K0 A (L&, KERA A ALR
5#rEt (Flame Ionization Detector Analyzer, Li#%, FID 7p#Et&5td) CaE 7 U 7L,
ZOREMEIZ LV ERLENS.

X 4-212, W « BER VT BREFR O & V7 R E AR W - BER VT B RERD A LR
DG, FEHAENERRENCZE %, EfEEh 2N FIREZR PZT 77 F o =— X CEEEN T 2l £ 2 77

SEE R b AT K > THEE ORI - HE5-V7 ZBPATE 5 K 91 L7e GlESFELZ B i
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EEIRT Yy Uik, WIREERT VU ERET). £, FEROB LT 0T 4 —UZEDED
28, MEEA N AROAY 7 4 ARzt Lic. ZAUC kv, EBEEIRh OEEDOY A 7
I, AEEORNI - BE SV T Z AR L T VU EFEIET H 2 ENTE, WRAR— B XU
U BHNOREH AL, 4% OFEREHR O E B A rTREIC LTz,

Hydraulic cont{OIIed valve H?ated air

Y h L

Hydraulic FID analyz_er

pump

HC (ppm)
»

AN ://{{_Engine-out Time (sec)

Measured fuel amount
=Qx SxMx10% (g)

Q: Sample gas flow (mol/sec)
S: HC concentration (ppm-*sec)
M: Mean molecular weight of fuel (g/mol)

A
) 4=
¥

Intake port gas Wfitglng ) Cylinder gas

Sampliﬁg line Sampling line

Figure 4-1  Experimental apparatus and measuring method for analysis of wall-wetting

and engine-out HC emissions

Valve driving unit

ECU Driver

W/O
Orifice
= Cylinder head
Lift speed:
€ | Controlled by orifice e
- i |

W/

Orifice

Figure 4-2  Schematic of the cylinder head to control electronically

the intake/exhaust valves
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41,2 HEEUREES K UIRENESTR

% 4117, PR L7 BREROMENR 27 AR A R 5 3 RBIEOOIREHC SV C L L.,
WRORE A IE, IO BRI O R Co 2 IEBAWRE, #REFB 1, N Phase IT 7 ) —> 4 ¥/
U ORREREL, BREFC 1L, KIEOHSNTAEET B B O IR T 5. IREHER DRE
BT & & DSNIREL B & .

Table 4-1  Fuel properties

Fuel A Fuel B Fuel C

Specific (g/cm?)

Gravity (TF=15°C) 0.7409 0.7445 0.7635

G | Initial point 39.0 315 335
E
% 10% 61.5 53.5 56.5
2
5 50% 96.0 105.0 1195
g
2 90% 1435 1555 169.0
8 | Endpoint | 187.0 176.5 204.0

77, FEBRICHE LS FE, 55 8 BEO PRI & FERIC, @PERRIERN S L b)=T
TUAMNERFTHD (FEI3E, X31BH).

TT T VA MEFFR T, B OB LE D@ EIGT 5720, 7R MEROMFE LS L
TULF O 2 FFAIC DWW TRRET L 7.

(D) ZEXTT VAL WRAR— FAICRAET 2RELZFIM LT v X MEREUHET 20
@) MEZTT LA B s IERTZRHLTT VA MERz MG 5751k

PLED 3 FEFHDOWEFZERFED BN OWN T 21T 5 7.

4-312, HEALTREPES R OEZETE LEFERR (SMD) i U TURT. EREIER 7
® SMD 1F, 320um FETHLDICK LT, =77 A MNERFOBBALE L, EETT T
A K (AP=50kPa) @ SMD (% 50um, MET7 7 A h® SMD 1%, AP =200kPa ONITZE5

LD 10pym &> T 5.
_47_



FA4E HEERERAR— FEFKXAV) T O TORMBEE DR

SMD 320um SMD 50um SMD 10pm

Aspirated air-assist Pressurized air-assist
(AP=50kPa) (AP=200kPa)
(a) Conventional Injector (b) Air-assisted Injector

Figure 4-3  Spray shapes

4.1.3. EHAIAE
[ 4-412, MPI =2 To, (nlfhaE) « BEREFE (Ne;1200r/min, Tw30°C DE—X V7

R DIAE)) (CRIT HRRR— MEEREHEFW), vV v A EREHE o), BREERREHE(Fow)
BLOx P Uk HC OE & LFIE & FHTFIEE 7~

PREWEF R 1%, J84 BV iR T P HC 235N & 72 DUEEE (LI, ZhREH
MES e (Fre) & FLTY) DNRIE SAUES S5, WS SHUTREHE, TR — MEE B Epw) & 2V
B TRNBEEENTDBESND. 2V o ZRAREHEFE)IE, BRBEREHR (Fo) & ARRERE &
FalZBES 3, AIRBEREHEFw) 122 ) & A EREHEFw & 2 VR HC 1SS D .
FURIRBIES E(Fre), WA — MIBEREHEEw), >V o X TRAREF R, >V 2 ERE
E(Few) 3 L OAIRBEREHE(Fu) | AR TR E CRHAI L, BRI R (Fo) 32 Y o Z AR (Fin)
& RIRBEREHEFu) DFE/ D, =2 ¥ R HC IIARIRBEREHRE(Fw) & >V o 25 REHR(Few)
DI BEIR TR DT

wiz, U AN EREEREFow) OFHIITTEIC W TGRS, dhEhE, (EEOY A 7 VOPESAT
AR THEE THlFIE « RSV T 2EB ST T 7 A T U U 78R L, & 2T - JER LT &
FACTRBECm U VU BT 5 28Ik D, U U HANOEREIZHCiAD D, Z OfHERE
X, BT T 7RI DG Sz 200°C OIEAZERIZ L0 FAksh, FID ofrit cami v~
V7L, EORGECE Y ERIEND (K41 5.
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SRR — MIEREHEFpw) & 2V o ZRABEHRFn) 1L, AT THII - P L7 %
UToRBEE T D &R L, KR — MBI U Y NI UIAD BT BREL &, ARBRGERREL
R(F) IZHRATRRE 7RIS - PRSIV T 2 CTOREE T DU sk L, 2 U I LIA
D BIVIFRRIEHZFH S Z LI X ERES L.

Fx OREL, ETHEEE 1 A 7 A0 L, FrEDFHIZ A I 7 TRk LERELT 5.
YU EOREFNEZARD S Z LI L0 A 7 VORI E 2 E &5 2 LN TE 5.

gA e
~“Tar-

-
Unburned fuel

£ Intake _,)|
S port wet Engine-out HC
2 fl
o) =
3
[-I_ /

X X

\ / /7
Injected fuel Burned fuel Cylinder wet

Figure 4-4  Measurement procedure for quantitative analysis of

wall-wetting and engine-out HC emissions

4.2, PRHEFOFRMER
TV UV TEAAE « BEHSETR O BRIREMER B(Fo) OHERS 2 (X 4-5 1R, 2 ZITR T ERIRE
B EFIE, TBE MV BERKT, o, =V U HC Brh &7 KO ITE L.
BRENES 1 WA 7 L CIIREREL & L L CIRRNIC S < OSSR R S, #hEh% 2 91 7 v
HCRvMEZ TS 2 L3572 2 OBBIZEENC S\ T, Bk o B L E 2 O TR L 7= %
%X 4-6 |7, Z DN, WRENE 1~3 Y1 7 L E TOBREREEN &, WA — M REHEFpw),
U U A EREHE o), BEREHRE R L O VR HC I L TR LTV 5.
BRENES 1WA 7V TUE, MBS SIUTREND K —ERASREEIC R - L, KEROM IR R — MR &
U U HBERNCAAET D, ZOMENE 1A 7 VTR LIZ B OBREN 2 1 7 )V BICRF bl S
DT, 294 7 VHOERPEMEN EFEDIMET L7z b o & Bbivd.
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Fuel(g)

Required fuel (Min. fuel amount for stable combustion)

x10 -2
14 } Fuel B (T50:105.0°C)
12
S 10
82 s
S
& 6
(14
4
2
0 N\—E .
1st 2nd 3rd 4th 5th 300th After
(warming-up) Warmed-up
Cycle
Figure 4-5 Required fuel during Engine start and warm-up period
x10-2 Fuel B (T50:105.0°C)
20 F Required fuel(Fre) [J ; Intake port wet(Fpw)
Out-going Cartied over O ; Cylinder wet(Fcw)
Remaining D s Burned fueI(Fbu)
15 | J' J O ; Engine-out HC
5§ |

1st 2nd 3rd
Cycle

Figure 4-6  Required, out-going and remaining fuel for first three cycles
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IR O IREHM A& & = P U HEE HC OBRA X 4-7 (T3, Al 3aaEhi% 3 1 7 LD
W5 EEhI) , AGEh% 300 YA 7V H (EHET) Lo VU OREESE TR AT

WA — MEECAT S L7 REHE 800 Y 7 VEFHEE THINL, =P Ol L & Il
95, ZHUTRERAR— NEEORE ERNENED, EERESER LT LS o L Bbh,
3 FD 3.1 fi TR LIz UL o ¥ U TORREZ TS T T D . RN — MIEREHE(Fow) O
I, RPEEERREO A/F SN2 B L S HC =X v v a VHEINOFIR & e 5.

: Fuel B (T50:105.0°C
X107 Remaining fuel ( )
15 T Intake port wet(Fpw)
10 F Cylinder wet
FCW
5 | _ (Few) _
S o . B
2 x10t— Engine-out HC
L 2 F
1 L
0 [ 1 Il
1~3 cycles 300th cycle warmed-up

Figure 4-7  Remaining fuel and engine-out HC emissions in warming-up period

UK LT, IRE EROBN Y o FBERIATE LTDREHT, = P O S &b ICHFEIC
WS 5. =P P HC I3an#wilic 2 < B S h, gL & biaEd L, v U o HfEED
W LR 5. ZAUT T U v FBERNCAT RS LTRES IR TRERF CARR 5 Z & &, PRI THE
FRCREE LTSN Ao LB s, 5 3 3 3.2 Hio alfib= 2 ¥ 0 TOBEHE R
LB K ST, 4AE) - BEEERO =P U HC 2R3 5 720101, imEsEiRRE O
GV DRI & 72 DR — MIBEBREHEE) & > U v Z RS REHR (Fon) % [RIRFICARIT 5 =
ENEETHY, B, HBEWIICET 5 Y PR HC OIS HRA v h &7 5.
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4.2.1. ESEHOZE

4-8\2, TV UMRENE 1 YA 7 WERIT DS OB OWTORT. R L2
PERANEFTFpC, MG IR UREIEST (W5 L7 BRI R U O ) & W rI Hnes
W (R V7 BAFRENC R L ChEd) Ic oW Tl L O, IAFIMESIC L0, WRR—
MR Fow) 2T 2 Z 8 TE B2, U U AN EREHEF) & = P PEE HC 7234
MLTWD. Ziu, #3E32HOT L VU RNOREREE OBIZFER (ZBEOUIRIRED LA
PIVT Fediln L, RV T et D0 Y o A BER I EREEZE LTS o A BER O A LT
A VIS E) AEEAICEDIT TV 5.

1st Cycle
X102 Fuel B (T50:105.0°C)

10 In-valve open injection
In-valve closed injection

ot

Fuel (g)

Intake port wet  Cylinderwet Engine-out HC
(Fpw) (Few)

Figure 4-8  Effects of injection timing for first cycle

4.2.2. BEMEROZE
%] 4-9 12, WU OLETNES 1~3 4 7 /LT, LUFOH BT DEEHER O8I
DUWNTRT .

(a) ZERIREHE E(Fre)
(b) WRARAR— MIERREE(Fpw)
(c) BRBEREEE(Fb)
(d) >V o HSEBEE(Few)
(e) =2V HEH HC
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x102 — (a) Required fuel(Fre) Conventional injector
20 F Fuel Fuel A (T50: 90.6°C)

Fuel B (T50:105.0°C)
10 } Fuel C (T50:119.5°C)

x10% _ (b) Intake port wet(Fpw)
10

Fuel (9)

x102 = (c) Burned fuel(Fbu)
2 L
x102 — (d) Cylinder wet(Fcw)

(&)
T

Fuel (g)

x10% — (e) Engine-out HC

3rd
Ist g Cycle

Figure 4-9  Required, remaining and out-going fuel for first three cycles

MR L72REHD, £ 41 [T T X 91T, REIOBERIEDIBIETH D 50%FHIRE (CIF, T50
LT A D 3 B OWTHR L7s. ZOREREMESR E(Fe)ld T50 DA< 51T, T50
MENZE, T720bb, RIS REHE S ZHRIREIE S SE(Fre) 3BT 5.

TV U HC $ REIERIC T50 AMEVVEREL A A3 b3 037 <, BREEB, KB C DIIELZHY
2%, ZAUZ T50 O EFIZ L DBEZER RO TIZ LY, WK — MBEfE & > ) o FBERI~D%
FABEEDHEINL, BBECH S LRWRELES T 5720 Th 5.

P bEDZ Lond, TH0 (3448 - IEEGEFE D= > ¥ P HC ORI % L C BB AR 70—
SLEbhs.
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4.2.3. EZEFEOEE

TR E DB OWCRBR AT 21T o 7. MERHEITATRD L 512, MbHbEDRe 2 3
FADPREMES S 2 IV Tl L7z, WIS IRF OAREN % 3 YA 7 L ORREIZEE) & = 0 R
C IZxT DMEFRMEDRE LM 4-10 ITRT. MEZT 7T A PBRLOEETT 7V A M T
BRELOBORIALIC X 0 BERIBEIE S B (Fre), RN — MEEREHEFWE L O U v A 5 R EHE
Fen) DN L, RBERREHE(Fol) 3 2 O L ENEE 1 A 7 A BEAINL, =2 ¥ gk HC A3dksE
SND.

x21 8‘2 — (a) Required fuel(Fre) -
Conventional iniector Fuel B (T50:105.0°C)
K;ﬁ\spirated air-assist

Pressurized air-assist

10

x102(— (b) Intake port wet(Fpw)

Fuel (g)

5 -

x102f— (c) Burned fuel(Fou)
2 o

0 Lomm s I
«102(= (d) Cylinder wet(ch)

(i Bim BN

2 (€) Engine-out HC

g

1st 2nd 3rd

Fuel (g)
Y
o

Cycle

Figure 4-10  Required, remaining and out-going fuel for first three cycles

MEET T2 A BT, MBI DIREEA R L SN D T2, =0 DU AGEH 1 YA 7 D%
SRIREMES B (Fre), R — MEEREHEFpn) 3 KO Y o ZAEREHEFe) X, TERAIE R &
b U TRI 40%18I8 L, = P U AHRH HC 3 U o ZAE B ORI L RIPNIE S KO E I LY
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K 80%IRI L T\ 5. 458 3 YA 7 L OELRIREPES &(Fre) OHERE © BRI T 5720, —
vV hEE) - BEERRE D A/F SIEINE S BT 5. £, BREIORRKM b & RRIRIINE R OfEEEIT &
D, 423 YA 7 VOWKHR— MEFEREHEFwW & >V o Z S EREHE(Few) D RIRFAEI L TN 5.
—Jj, ZETT T VA RNTIE, UV UEEE 1A 7 L ORKA— MNDENTIREIET, #%
BAL DT DZETIEDFEE LI W2 OB ORI L SR TE T, 85 1 A 7 10 DU HEH
HC IHE Sz, 2 91 27 VEBREE, WA — MNICBRERREAEL, NEZT 7 A EFE
BRlz= > DU HEH HC N 3%, Zhud, 3 3% 31 Hioafifbo ¥ COBIEEE R4 E Bl
ELTEMTI TS, MEE 1A 7 o DU HHC 1L, =& Eb, 2, 37 E LRk
B LT ZHUT T Y O FBEEIREEDMRW 8, IRITRERRC RIS T 5 2 U AR E
(Fewn) D370 =b & b s.

Pressurized air-assist
x102 :
20 F (a) Required fuel(Fre) Fuel A (T50- 90.6°C)
Fuel Fuel B (T50:105.0°C)
10 Fuel C (T50:119.5°C)
© 0
© %102 — (b) Intake port wet(Fpw)
w 10 r
5 5
O 1 1 | |
x10-2 [~ (¢) Burned fuel(Fbu)
2 i o
o LI I i . .
X} 8‘2 — (d) Cylinder wet(Fcw)

Fuel (g)

3rd
1st 2nd Cycle

Figure 4-11  Required, remaining and out-going fuel for first three cycles
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4 4-11 1%, METT T 2R MBI DWUIRHIES R OREHER ORI SV TORT. 1R
R OPREMEIR O (K] 4-9) &R LT, BREFOMKIIC L 0 T50 (2 BIR7 < AR — MMt
FEREHEFpw) & 2 U 2 S FEREHEFod) D3 L, BERIREIE S i (Fro) & =2 ¥ U PEH HC AMEK
T, Fiz, BEIOMRLIZ LY, T50 1Tk 2826/ E <72 2H T50 AEVIREL C D — 2

1T, WERA— MEEREHREFw & 2V AR REDDR b o L H 2L, ZoRBIcLYy, #
SRIREPE S B(Fre) & =0 R HC S0,

ZDOZ EDDEMRAEETICIBO T, TH0 ITERIREME S B (Fre) & S5 BICHE L, Al
NEMEZRFEIR T 2 008 - RO HC =X v ¥ a U2 T 2 HERFER - THHZ & 03b
D, BEOTL YUY AT ATIE, TS 2 HERE (B C) Z Al L 7=RFoopRbE
BULEBL T2, BEHEEZ B> TRY, = VU HCI3HEMT 2 HmicdH 5

4.2.4. RERFAEKFEDIERNR

4-12 (2, fHRX L7RERE ST TobaEhi% 20 #HIO HC PR EZ 9. BBt ki &
USSR O AEIC LD =2 P P HC 2 KA CE 5. ZORERIVRT & 5 (IS ThaE)
B L OMRHOERR O = PR HC AR, FESHREHORRHE & RIS & 0 R — b
FAEREHE(Fpw) & 2V o ZAEREHR(Fa) 2185 L C, ImEIEEERF OREHE R 2 E T2 2 &
INEETH D, FHIHRIEOENEERE (8B C) 2l LIZEE, SHIC, ZOBRBORKHE
BIRIIRE 2D Z 3oz,

15 : ;
Conventional |nJector

O Alr-a55|sted in Jector (Asplrated alr-a53|st)
m& Alr-aSS|sted injector |
= (Pre_fssurlzed air-assist)
X :
O
T

20

Time(sec)

Figure 4-12  Comparison of HC emissions traces
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4.3. F&&H

HSRIREIE N B(Fre), RN — MIEREHEFw), + U v A MG Fe), RBEREHE(Fh)
BLOZ VRN HC OV A 7 VO E BTN vTREZR, WFFEEERT 2 (HEBREVZ A H
FEEhfRTr ) ZHWT, A= MEEX (MPL) Y U w2 BT HEEREE 2 7T L,
LT DRBPY SN2 7z,

(1) =V BREE) - BEHEETE DL ERBED 7= O DELRIREMES B (Fre), WA — MIEREH
Fpw) B L O o ZfEREHEFew) A 7 VRICERAL L, BRREIDE 1 YA 7 4G
TV R E COHER LRSI SN LT

(2) BREMAR DB - SN T E RN 2 3200 L, RIREETRE SN D 50% RS HIRFE(T50) 0> B8
(COWTHA L, T2 DU RAENE 1A 7 i b BRIRERE S (P & = 2 R HC
ARESFHEL WD Z EEHALNILE.

(3) MEHHAEI OB LEE ) | & FEONIIZ LY, =2 Vo mitiaE) - BEERREOW SR — M
F O o FREH DOPREMIAE B2 [RIRHARIRT 2 Z 8 TE 5. TAUT X 2 BORIREIE S &
(Fre) DRI & YA 27 NAEO BRI Br(Fre) OZZBNHE], BN HZ2RET ORIHIZIFIZ LY, 45
725 20 BT VYR HC 2 RIBICIRKCTE 5 ONETT 7 32 F T 50%{KIE0) .

*SAE O TfR%Z1+C, SAE paper 95074 (1995) % FugR L CHNZEHLEL
Reprinted with permission from SAE paper 95074 (© 1995 SAE International).

Further use or distribution is not permitted without permission from SAE.
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—ERMTOERTH Y, EBROBEEICBITD, TV UEIRRENS DAY =X 2L D7 T 0%
VUMEEN A EEIZY R 2 L— R TE TV DORTII R oz, F£7e, EFEREET O OmiihhE)
WRRIZEIT BIRAKIEEER £ O 2 P U g HC Rt E R M DIREECH 5720, R
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T T, BEMIEE 2 DT, ERnERFOISEEEE TE ST BRI I 2 b—
R, EOWEMEIRIRERPEREN 2 & BAICHNT 28T L O B RIS E 2 B L. Zo%E
Z O CRHA L7 RERREh OFE R & 55 4 B0 4.2 B Cib~ 7= @ BT AR IE 8 o O L CoRH
FER LT D52 LTk, A 7 VREE GRThE) 2B L7 R B (Fre), =2 P U HE
HHC 5 LOESRRERY B (k) oY1 7 VB &2 Sz Lz,

BT, ZOTUVUAEEIY R 2 b— MEE L ER(ETEEZ T, BOERERRE, BRI X
OREWEIR D BB SV TifHT L, BRI ¥ TomBthEhafRo 2 HEH HC Ftic 5
2 DR T OE RN EITV, OB IS OWTEREINZ /-

5.1 HEREEHLUFHRAIAE

51.1. #Hzooy
T UE, F3E, FHA4EOEBRMGE= U LR, &R 4 B 4 K5 MPI —

UGV, TOFEFTE, BIFOMAT VLRI THD (F3E, K31SH).

5.1.2. e K UARES
A L7 EER 22 5-1 137, 50% 8 iR (T50) DEL7R % 2 FEHDIREHI W TR L,
FHIIRE L7 & &3, B4 THTHHWRE B 2 570k & Uiz, BREFB 1, i Phase IT 7
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U AV Y OB T 0, BB D 1, RETHIAEET D B O REIRE T .
4 CHOTIRELC 113, IR S LEAR RS TS,

Table 5-1  Fuel properties

Fuel B Fuel D

Specific (g/cm?)

Gravity (TF=15°C) 0.7445 0.7621

@) Initial point 315 315
]
g 10% 53.5 56.5
5
®
<. 50% 105.0 119.5
[&]
|
-% 90% 155.5 169.0
A | End point 176.5 204.5

5112, B L7=@7ERI T 7 & MESF (Injector A) & (O)@mfRI b7 7 o A NESE
F# (Injector B) OKEE FAP=0kPD)IZF HMEFEEGEEZ/RT. WiEOEFRLE (SMD) 1%, #it
SR 7 7 A MESF (Injector A) 25 235pum T, mfkifb=7 7 2 A MEFF (Injector B)
23 90pm CThHD.

Injector A Injector B
(SMD: 235pum) (SMD: 90pm)

Figure 5-1  Spray shapes (AP=0kPa)
- 62 -



F£5F EEZR—IrEHFALHVY VDU TORPBZEE DR

X 5-212, ZO2MIHOTT T A MNEFFOTT 7V A MEEICHT DM & i L OR
T, ER ERE S TR OFEILEE 7 TR 525, ZOH L < BAFE L7RENES IR Cld= 7 7 v & K
ZELIRAFIH T & W RGBT OEFRR DB KIBICSGE STV D, RETHE, @Q=7 7 A R
"ESTTr (Injector A) ZEVEMT & L, 5.2 MiOWEFERHEDRET 2 FEHDIRBIMEST 7 OfFATHE F
[ZDOWTIRRS.

250
Air-assisted Injector
200 @®: Injector A
O: Injector B
5 150 AP=Atomospheric pressure - Intake-port pressure
0 during starting process
=
o 100 ¢
50
0
0 10 20 30 40 50 60

AP (kPa)

Figure 5-2  Changes of SMD with AP

5.1.3. EBREHBSIURBRFIE

X 5-312, AT VU OBRIMGERRRO = P E#h A R, Bl O DU MhENE, R
B—BINZ R DT T % TIRRED B AR OBRGE (WG IC X v = DU RERE EAL, A
HNTT 7 ARTA FVIREBICAD . ZOREE, YA 7GR, A my RVFRORDIZ LDk
LENICRIEDNRAEL VY X NRAZER &I 5.

OFE Y RENEIR T, BT A 7V OBRBEREENZ N LSO A 7 NV OWMAZEREZSBLL, BIf
TRIRKE (hAENE) 12 EREREO MRS RN H B3 D, FERAICY A 7 VY4720 O SR &R
WA+ 5. 2O, MhE) - IREGERROIGHTITIE, 251 7 LV OWAZER B A S 5l
YA 7 VE TORBEREL RIFICHBT 20ERHDH. S5, ZOMEREZSET LY
~y R, 7ay 7 ZENIRER L OV y T U —EORI THZRITR R > TS 2,

- 63 -



£5F EENR—-FEHAAV) DIV TORHMEEDMEIT

7 2 TARETIL, BB ORI E RAICHYE T % 72, ERoONAEZEE LU F % e
LB, FUEERLUEREITo T

) E . Starter —
= 15 = .
o= cranking
2o 10
2x 9
L 0

=

6

% 1st
Lo 4 combustion
GJ | -
2z °
= @ _
s ©

w© 100
L&
g o 60
&5 2 40
© $ 20
= 05 1 2 3

Time (sec)

Figure 5-3  Behavior of test engine during cold starting

() 7T X TPV ARREOFFH
(b) FREILTHA 7 VEERIZEE > WAZEREZL LD FFEL
(c) B A7 NVOREE, =2 HEH HC ZEEhoiiz
(d) HYA 7o, SKEEHOEERE
(e) MEEMBFRDMERFATYA 7 VW OIEEROE

LR, FEBREEE S L OWT T IEICOWCHITT 2. X 5-4 [ZEBRIEE O 2R, il
NL, 7T % TR OIREN 2 WIS 570 6 sidkfi~v vy F TSN, 7T vF, b T
YAI vy arBROT A RA N EFHTIBER (4.95 1 1) 2 L TENIGHOER STV 5.

77 vFE, =7 X OETE (0.6MPa) §lfNC L HHMERENC LY, FEOX A I T

TOFF (=Y 7VU—) & ON (GHfE) #REEE LTCWD. £, =V rmEK, 140
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FOER (WAZEGREE) 1L, SMNBIRESIEEEEIC X VEEOREISRERETH L. £, B’
AN— MEER 2 T & RBEERRE R 2 G BV (K ¢ 0.5) 2 HOIAZREZE B A T2 > TV D,

MRS 1 BRE & L, VU U ANE RO - OfEER (KISTLER #:84 6051B) %, =
YU P HC HEEHAO - =% — R oSV T I E#E FID G (CAMBUSTION A4
HFR400) Z ENZIRE L TWD. ZIHDT —# B LD O U AFHIEFIRFZEHI <,
AU 2 — 2 T - ARSI ND.

Walltemp. monitor Engine

[ I} Speed reducer(4.95:1)
AL 1L 1 1 Clutch
| ||=—° ° o~ F|ywhee|
L . OO ])}D: Dynamometer
T Transmission :ll]:
Qil line
Catalytic
converter
F:;;T;g)onse FID Air compresser
Water,oiltemp. . .
contro Air cylinder
Water line
Oil line

Cylinder pressure
transducer(6051B)

>

< {Test trigger signal
Engine control unit

Figure 5-4  Experimental apparatus for quantitative analysis

#5212, EREMFEZRL, K55 ICHERTPIAOMEZ R, £, [X 56 [CEBRIFOKA N
FNOZA I TTF v — FERT.

TPV, 7T vF ON (HifE) REETR Y —ZHEBND 7 T 2% v ZRBEICHS 3+ B HERE TP
[Afi54% 300rpm —E CTE—X U 7 END. ZDOF—H U o JIREIIEEIBIAZHET D b U H1E
FREBIRIE CTH D L RIRFZ, =2 P U mAK, FA WREREINC X 2= ¥ A HRER OIR S FE

(25°C — &), ik FID FHI K 2 ATEBROFEEEREIOPELTE THERE (0.1%HC LLF), BEO

B A T NESHRENE, BRI, BTV A IO AT Y —BEATFHOIREICH S.
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Table 5-2  Test conditions

Engine operating

Cranking — N cycle Firing — Cranking
(dynamo.) (engine-free) (dynamo.)

Initial engine rev.

300rpm (average)

Fuel injection end timing
(Intake TDC origin)

TDC , ATDC60°CA, ATDC120°CA

" 25+1°C
initial wall temperature (intake-port, combustionchamber wall)
Initial ignition timing BTDC5'CA
Cylinder NO. for evaluation #1
Cycle number for evaluation 10 cycle

Room temperature

25°C

Clutch on

(eng.-cranking)
300r/min ave.

L

r
Clutch off

(eng.-free)

Clutch on

(eng.-cranking)
300r/min ave.
[I—

Initial condition set
Walltemp. control — 25°C
Remaining fuel — Zero

[

Cycle number of firing execution

Memory set
Injection fuel of each cycle ]

1
(Waiting for test trigger> -

{ Test start )

1~10 cycle execution
Fuel injection ,Ignition I

Next test

{ Test end )

Each cycle analysis
l IMEP,Engine-out HC I
1

Figure 5-5  Test procedure for quantitative analysis
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EF—F Y UREET, = U UPIIMREBORED T T T % L AREIBRLG B U RSB ATISN,
56 1T ZA I T TF ¥ — MUAENWTOAET Y —REIN 1 FERFENOE 1 VA 7 L ORRENE
B, RKNFETIN, TOEM TDC#IZZ 7 vF OFF (mrrr 7 —) 720, IEREKHEO
T ATV T E L BITHBRERED RS,

Ty ATV TR, 1 BREORE SN A 7 VO FATE, HEEEHOKTE &b
775 ON (#fE) &L, FOE—XU U REBICED =0 O U HIHIRIED Bl &, IROFER
FHBIRIEL 725, ZOFIEEZMY KT Z LT, RO (@)~ () ZEHIEDH LN TED.

Test trigger

v On (cranking) Py :JII{: T
Clutch oprating ' | ._Off (engine-free) &
#1 Fuel | | ; BELVIEEEEREN
injection signal ‘ i i | N B
#1 Ignition signal
Intake valve lift
)
O = .~ 6 !
2agd 4
S80S 21 AL )
Oa™~ 0 —
SE 15
C o 10
.?9 8 | .
RS TDC event
+“—>
0.1sec Time

Figure 5-6  Test timing chart

72¥, ARFEFRTOPEIERHIENT, "EHE TR CTHIE 21T > 72, WARIEFRBIMER TH 2 TDC
METTRS T & URIINE S T 5 ATDC60°CA & 136 JL U8 ATDC120°CA MES#& 1> 3 FlkHD
SAFTHR L, FRTHE LW &1L, WKRIEFEHIER O TDC " T2 L L THEBRZIT-
7o, B5T7IZ, KA 7V TOERBEFER B(Fr) OUE L RS, BRRIREESR &F) X 1 &
K[ENCER L, HEWEAEBE L&A 7 L ORTEEANETIIMEP) A3 K & 7 % B/ INESHE
BHRZEHRT 5.
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at 15t cycle
10 } Maximum IMEP

IMEP (MPa)
o o
o o

o
~

o
N}

Combustion limit

Minimum required fuel (F,.)

0 50 100 150 200 250

Injection fuel (mg/cycle)

Figure 5-7  Method for determination of required fuel

4] 5-5 DEBRFNUZAE, =2 P UARENE 1 A 7 ADBIAKREED IR L, &5 A 7 /L OBERIRE
M B (Fre) ZIRTET D Z & THA Z VHALOREEEIMIR TE 2. 7ok, BERIREMES E(Fre) D
XOOXIEREHERZE BB L THE%LUNTH D Z & Zfid L.

72, 1EXELSID 3 5 ORREME G TERIENE S B (Fre) 7> 5 A K R O AZE KBRS 53 D
PR  BEA~E LIATL TV D, S HICEY A 7 L O AZ2K BTk UERRR A RIS L E 2R
BEFIZHEL, 20 Fal FeDlt, T7bb&A 7L TERSNDREPY B (DR, Bk
BB B (Fro/Fo) £ 50T) DOZEBZMA THUYET 5 Z LN TE L. 0B, KA 7 VORAZER
BIE, WREES, RER X OERET ARG N LR LTS, DL EOERECTFELE VTR
DT D U AEERBRE DY A 7 VAL ORRE} « IRBEEBIOfRYT A Elii L 7=

E DI, 4 EOMEEBOE RAL CIRARIZAFRFER T VU 2 ANT, = UGN 1
YA 7 IV OERIREIEG B (Fre) 22 R — MEEREHRFw), >V & F BB Fow), PRBERREHR:
FrB L O DU HEHHCIZOBEL, ST 0 DA 7 VSR OREEZ 4T /2 > 7

5.2. EREHEDYA U IILEEEEN
X 5-8 12, WA EREAR 10 Y1 7 L OFRIREIE S E(Fre), ZoRIAERY B (Fr/Fo) 3 L OV IMEP

Zrd. IMEP 1%, fEEREEOW AZER[ELRVITS UH, 477bb, WREE 134 7 LD KK
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JEARTED B DU L D IMEP 23R BED O, IER T > ¥ R D EFIZ & b7, A m
> MO VIZ L VIRRIESIDME T L IMEP 23 F23 5 T B & om0tk L, ZRRREIE ST
BENL, FRRHEB AR LT D 1~4 T 7 L OBLRIEVE R (Fe/Fs) 23 1.0 10 K&,
FHIAEENES 1 A 7 ML, EOWAZERE)N B U T BEER 2SR LRI 2 7o O IS L BLZ R
(FalZxt LT 4 f5LL DR Z /R LT 5.

ZIUTK LT, 5% A 7 /VHURRE, I ESRIREE R (FreFo Y 1.0 K0 /S50 A 70
PEET D, ZOBSE, H4ED 42EH TR U VU —E, WREE—ERIETHE
s LT RERE B O TE BAVSEE COMPTRER L D HEF LW

X102
20

15}
10 |

Fre (g)

Required fuel

Fre/Fst

Required fuel

IMEP (MPa) Equivalence ratio

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th
Cycle

Figure 5-8  Cycle-by-cycle behavior of required fuel

ZAUE, WERFOEFAAETIE, 51 VA Z VORKEE NN KRZLIREN DI E ST, Ef
fLIEE DT VUi —E, AnY MRBE—ESRNE (RKEAENEELTHDHEME) TD
FRATAE R & 92 &, R — MIEREHEEW B L0V U U A EREHEFRZ L, E£72,
MAEBREIOZTER N0, ZOEPRELBNTZHDLEEZ LD,

TUVUNERTHE, FORE ML) L O VEEEAARIC ER L, BE LT 7 A
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N7 A RAVEHEELL RIZ B L7212, EOWMAZERETNT VAT H2 0 P BHEEIZIURT 5.
Zok®, 5~6 YA 7 )VETHEE EHOY—7 L WIRREFEN D EIMEEZ LD, ZOAFEIZE
0, WKAR— MEEH, IRV Y U FBERIATE LTOREIOZRR D BRI, = ¥ RIS
IEF Lz 74 A 7 VBT, BERRIRERD S ORGSR LT, ZERIREIE S E(Fre) DM L7272
EHBITE S, E£7, 10 YA ZVH TREROEMD AT 503, ZiuL, =2 VU EREEOZES)
IZ X DWSRENER) & AU EDWMAZEREDOEIZ L Db D & bbb,

ZOBRERGRET 72018, BREZEBI O E R LEERE 2 VW CTHRENE 1 1 7 L O BDRIRENE S £
(Fro) 22— MEEREHE(Fow), &V 2 S ERREHE(Fow), BABEIREHE(Fh) 36 L O o O R
HC oz oHELT-.

1.2

by camless engine for analysis
1.0

0.8 F { Intake port wet(Fpw)

Required fuel rate
o
(e}

0.2

Engine-out HC

Figure 5-9  Distribution of required fuel for first cycle

X 5-9 12, MRNTHERZ T, EORREMES B(Fe) % 1.0 & LIZREOKIHE O TRL TN,
F1 YA IV TERINIREIO 5D, K 5% PWEA— MeEf & & U U BEMmICAIAE L, 758
LTCWBIZERNDND. ZOZ Lk, HRENE 1~4 YA 7 VTR L7BRERS, 5 %4 7 LHEL
BeDRBEIC R LTV D Z LA HEESND. DY, MENE 1~4 YA 7 LV CTRER— M FS &
O Y VU HBEEICAT 2 U QO TRRRIRERDS, VA 7 L OFRGEBI R, FEEEm OEE R, FHEA
D72 BT L 0 ZFEEE B 2R o TeTeb E B2 b b.
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Z OFEIREIOZEN DS, IGEIRFOREREE A M L TR, oA I iz I 2 L—h
L7- A/F SN IFEE CIRME L B s, Bk MPI OBREWESHIECIL, —oxbae LT, AHE)
MAEEE L, ZOERBRERY S (Fo/F)lx L OREREASMITRHBE & - T HiE 21T/ > T

5. ZOZ EnhpEiREO = VU HEH HC Z RS H TS 1 DORIRER Lo TS,

5.3. T UTUHEHERBRAEIKFZDY A U ILEFHEEN
Xl 5-10 12, BIEIOEYA 7 N OBERREMEN B (Fre) & 52 720 U8 HC o917 1

ZEE) AR, BRENE A EE LT NER I B 0 59, Y U HC 1 1.0% (CH4 #15)
PLEOEBEEZRLTWS., £, ZOZ@ENE, 3~4 %4 7 /LA THH HC Ok — 27 2 L,
D, B LT, BB Z L1, BREBREI R b2V DU hRENE 1 YA 7 L OHEH

HC Nk E1d7s > T,

2.0

4t Cycle

15 |

3rd Cycle
5t Cycle

2" Cycle

6t Cycle

1st Cycle
7th Cycle

10 |

8t Cycle
9t Cycle
10t Cycle

Engine-out HC (X 10*ppmC1)

0 ] .t . ] }
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8

Time (sec)

Figure 5-10  Cycle-by-cycle behavior of engine-out HC
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BRI OB A Ry, MESBRI Y, M THRICRREL L, TDC, ATDC60°CA, ATDC120°CA O
3 FRIFIZHOWTH# LT, IMEP TR % 2 ZRIREMEES B (Fre) i, WARFEIIINESS, FEFSMES)
DHOLTEE L. UL, =P U HC XA TR A U 72 REHESH I X 0 K35,

1.2
10
g(_“ 0.8 | Injection end timing ﬁ:
= 06 l[oTDC Lo
o ||e:ATDCE0°CA =
% 0.4 | | A:ATDC120°CA f:_’:
02} o |
. 3!
0 EL
6 1
o s 8 3 s
TO °| 2% 2
5 4 2o
o o S = [ ]
b 3 53 \%
£% 5 Noe 0 o—4rTT O
2x 2| wg :
we S5 |
w w |
0 ' L | | | |
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Injection fuel (mg)

Figure 5-11  Effects of injection timing for first cycle
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IREPE I (Pl AL RN 2 & D FERR T E 72

Zhuc kv, MRIFEHIESIC X5 =2 P R HC ORI, WEFHREISR R TR CERE U v
FIRAT D LIk, vV o HRERA~ORREMS BN Uiz 7zs &b s, Z OWRATIIE
T L D2V o FRERA~OBREMIE O¥ING, 55 3 = 3.2 Hi TR Licafifbe 2 TOBIEER
ErbbESTEND.

1.2

by camless engine for analysis

1.0

0.8 intake port wet(Fpy)

06 }

0.4

Required fuel rate

0.2

TDC ATDC60

Engine-out HC
Fuel injection end timing ("CA)

Figure 5-12  Distribution of required fuel for first cycle

(Effect of injection timing)

5.3.2. BHHERDEE

WA, REWEIR OB Z SV TR LIRS OW TR S, X 5-13 12, T50 D% 2 FikE
DERELB, D % W2 DA 27 /L OFERIREPES B (Fre), BRI B (Fro/Fo) 277, M
FZIE, W B IRE XD BRI 72 5 7o DI BRI (FI TR L, =2 ¥ U hEEhE 1~4
YA 7 )V TIRERIREIER B (Fr) 732 <, 5 YA ZVHLETIE, ERPREHER B(Fre) 23 L E /2R
BHEFw) L0 D72 220 A 7 VBB TN D.

KETREL O E s ORER TH 20K D I, BB BIZH, = DU hEEhE 1~4 31 7
NOBRIREPEF EF) 3% <, FRHT, B 1 VA 7L O8EMNE L, RERREIEFENIIT LT
6 50 DEREZ TR LTS, ZOTDIRE D 1L, 59 7 /L H LSO ZLRIKERYS B (Fuo/ Fo) O
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JLH CESRIREMER E(F) AT a, DF VT A 7V E TCOEREREIN S O L L5720 T, #
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Figure 5-13  Cycle-by-cycle behavior of required fuel
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Figure 5-14  Distribution of required fuel for first cycle

(Effect of fuel properties)
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Figure 5-15 Cycle-by-cycle behavior of engine-out HC
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Figure 5-16 Cycle-by-cycle behavior of required fuel

5.3.3. HEZFHEOLE
WIZ, IRENEREOT Y R HC (TR LTGRO RE W O UIRENE 1~2 Y1 7 U2 1T
D MESFHIREL ORI LR DR DU TR L7z
%4 5-16 (24 YA 27 /L OFERIREMEE B (Fre) & ZORIVERY S (Fro/ Fs) |53 2 REHISRI L D52
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Figure 5-17  Distribution of required fuel of first cycle

(Effect of fuel spray characteristics)
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Figure 5-18 Cycle-by-cycle behavior of engine-out HC
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Figure 5-19 Difference of required fuel from fuel properties
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Figure 5-20  Difference of distribution of required fuel from fuel properties

and fuel spray characteristics
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o
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AR B D AEAT

MEEREBRERNENKXAV) IO TO

VAR, RHAROIERE T — F L— & LTHEAMES (DISD VY Y oo P O-0787ER S
T, Lo, BBEOBBMEIRICINTIE, 78RO MPL =Py bbb e, movy
P HC 13N 2 M2 5. L7zdi> T, KE « BRINZIL T b &3 2wk LU T 2 Kl 2 i
BT BT, O - BFERIRICBIT 2 =0 VU HC ORBAEE TH S, ZnETO
MPI = 22T AT T, MEBEIRCRIT 2= 8k HC 1T A R THER Y Y &

BERNZATAE T DRBHIEERT 2 Z £ 0300 o TS,

ARFTIL, MEICHHR L EmfiirisE GhEErEii % g HEsirT v ) ZHW T, DISI

TV e MPL =02 O EMREIR ORRERREh D72 10 B 5N

R 72 FEIZ DN T bR L7z,

6.1. EEREELKIUVFHAIAE

6.1.1. #RTov

#6112, R L=V roFEE A ~T. 4 7pES 4 K
dodE L7-. PR &N, 2.0Liter ThbH. X 6-112, REESTRIRN & E

L, VU ZREREHERD B

DO DISI = _— R

HHEZRT.

Table 6-1  Test engine specifications

Engine Type 4-stroke, In-line, 4-cylinder
Valve Mechanism DOHC 4Valve
Displacement 1,998cc

Bore, Stroke 86mm, 86mm
Compression 10.3

Fuel System DISI
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Back Pressure(Pa):0.1MPa(abs.), Fuel:n-heptane
Pulse Width(Ti):2ms, Elapsed Time:2ms

Nozzle Slit Nozzle
Fan-shaped Piston
Cavity
Front View
Spark
Plug Side View
Spray Shape Fan
Fuel Pressure
(Py) 12MPa

Figure 6-1  Combustion system configuration and spray shape

Hydraulic piston 3-way valve

Throttle E
valve D M
controller

Sample tube _
for cylinder wetting fuel Engine valves

Figure 6-2  Experimental apparatus and measuring method for analysis of wall-wetting

and engine-out HC emissions
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X 6-2 12, WFEFRT v QHESRERHE B HESRRT V) OVAT AMEZRT. JHE
BREVIIZ F B R T ¥ ORI OV T, 5 4 O 4.1 fi Tk THIET 5. ALEE
C XY, BEREOT YU EH) - BESRIROY A 7 U AEORER ST A E R LTz

F72, VU A NOBEREIICOWTHEIE L. K 63 12, afb= P oliEXZnT.
¥ 3ED 32 M TR MPI = P LERRIC, SV &7 0y 704 FLMES, AE 15mm O
FHHTT T ALY B EFFANLTT 7 A U o ViR OBRENE T OB 2 BIEL L T-.

Visible region

Fuel injector

Piston

Figure 6-3  Glass cylinder see-through engine

6.1.2. HEABE L OERIES 5+

G L7 23 6-2 (3. TH0 (50% B HIREE) DR 5 2 FHOIREHT DUV THIR L
7o BRELE 1, — A0 HERELC T5H0 7% 102°C, BB F 1L, 2RO B —ii 72 24888 C T50
3 82°C T . MREMEROFEELZFIAET D & LSMNIMELE & Az
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Table 6-2  50% Distillate temperature (T50)

50% Distillate Temperature

Fuel E T50=102°C

Fuel F T50= 82°C

6.1.3. EHBIAE

6-4 12, DISI =22 T, hidhaE) - BB (Ne;1200r/min, Tw30°C DE—# U /&
57> D ARED) (Zd1T DB EN 2 E B b3 2 FERELE 2R L, X 6-5 1, v U AR REE(Fw),
IRBEBREHE(Fo) B L O o P LR HC o AL FIEZ R~

PREWEFT R B 1%, FEE V2 R T vV R HC B3 & 7 5 BRIRENE S (Fro) 235
PR SIS . ST SAUTREH T, IRBERAEHE(Fhw) & ARRREHEFu) 12508 S, ARIREHRE(Fw)
X, >V A EREE ) & = Y PR HC IS .

MPI =2 ¥ L COMRMT L [FRRIS, ZREEIESH B (Fr), * U & B (Fon 36 KX OSAIRRE!
BFIE, AEBEE CEHIL, =2V P HC 1, AREHEFw) & 3 U v 25 EHE(Few)
DEFDORE TR, RETIE, TNTNOBREHEEZ FETEL TN,

[lntake stroke] [ Compression] [ Expansion } [ Exhaust ]

Cylinder wetting fuel volume
=QXS

FID Analyzer Q:Sample gas Volumetric flow

E S:Integrated value of HC

S
Iéﬂ
Time (sec)

Figure 6-4  Measurement procedure for quantitative analysis of cylinder wall-wetting

HC(ppm)
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[ Intake stroke ] [ Compression ]

Engine-out HC

Burned fuer™ |

Unburned fue

Fuel weight

Required fuel

Cylinder wet

Figure 6-5 Measurement procedure for quantitative analysis of

wall-wetting and engine-out HC emissions

6.2. 1%} - BEHLBIEDAHES
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PREHE(Fon) I T50 DA K& < Z1F 5. T50 A< 72D EWEAR— MR (Fow) 23019
%. DISI =2 U, BREFERPNICHEBIERN T 2720, MPI = 20 L HlE LT U o HAEA
BHEFwW %<, T50 DFBE K& ZIT5H. ZHUTK LT, MPIL =P r ol o ZAHERE
BFelE, TH0 DA 2T < DISI =y &l LT 40% 2L ED720,

MPI =2 Tl KiEBsr OSBRI o 7o AR — MRESO R SV 7 AR R AT
% . BB ORI IEIE LT U AR S DS, @b a3 AR — MEER
Bt LTl A 2 VERRICR bl S NS, bbb, T U U ZNICHAT DN A O
WS TH Y, AW 27 VHICRBERELE U OB S ARERA RO T2, v U v SRR E &
Fen) D70 I olc B2 D, ZOUGHAERRGET D728, MEFHRE & WA — MREEITATE L 728k
BEOR 3 #T LT iR A K 6-7T IR 7. D &Y, mPhmm R — MEmEmIZFERRE L, ¥
U AR R 132 STIRA L TS 2 ED3in5.

LITIZ, DISI =B 53U o FAIEE ORI DUV T 21T o Tk R 2w
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1st Cycle
200
[ : Intake port wet(Fpw)
[ : Burned fuel(Fou)
B : Cylinder wet(Fcw)
~— 150 @ : Engine-outHC
€
E
=
o
: 100
©
[0
=
s
50
0
Fuel E  Fuel F FuelE  Fuel F
DISI MPI

Figure 6-6  Difference in fuel behavior between the MPI and DISI engine

Injected fuel

Injected fuel Port wetting fuel

Figure 6-7  Fuel behavior in the intake port of MPI
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6.3. IO UHHHRMMERALKIRDY A 7 IVEERT

6.3.1. MEFTEHADOEE

6-8 12, MRENEE 1 YA 7 WTHIT DIEMESIRI O 2 om . Teds, ARFEER T ORRBIE ]
L, BRAGREH CHIEIZ1T - 7. JEM# TR 2D BTDC60°CA M TV o 2 B IR R(Few) 3
ROEHES 5D, WRATEED BTDC270°CA M & ik 5 &, 721X 10%RBRETHDH. 20 2
RIZBWT, =V HHH HC Oz A ik L7z, fiRZ 6-9 177, ks s, JEfM
FIRERE - OMESR T, WA TREME S & Fhilie U C A 10 F0M HC HEHEDS 0% R S 5.

P o EMEEOZEY FIZ HC JRHEMEBR SN D ER 2 EE D 720, PR — M R cEd
HC o7V 7 %1To7-. fRAZK 6-10 (-7, WEATRMEN T, HERUTREZ O X
U7 ofEE BIFITHEOARRHC BAREITHEAET 6. ZHUTkE U CHEMTTRES T, s kT
HC 230720, 0 HC HRHRB OO TR 4, LUFO & 5 1z 5.

Fuel E (T50:102.°C)
Fuel pressure(Pr):5MPa

160 — @ : Required fuel(Fr)
O Cylinder wet(Fcw)

Intake slroke Compresswn

Fuel amount (mm?)
[00]
o
|

injection |n Jectlon

300 270 240 210 180 150 120 90 60
Injection timing (BTDC'CA)

Figure 6-8 Influences of the injection timing in DISI engine on

required fuel and cylinder wetting fuel

WA TREE ST U, MEEREH I B A b U THEA~EZ21%, WS i~ L Y o 2 BEE )
ETD. —F, TG LOMEKNTIE, ER NTEROS v BT 4 12T TREISHER S5 7=
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LLEDRERD G, PERITRRE O E A b v 7 OfkE BIFICtE S HC PR SN E U &
2D, Tbh, BEOMETNOE N L > T HC PRHEEENE(LT 52 L 2R L TEY,
U FRNOBEFITREIDMS A L1258, ARG KORERIC &> T 4k HC Off
ISR D

Fuel E (T50:102.°C)

I I
Fuel pressure(Ps):5MPa
8 P

6 JARN
4 / \ \\
/ T~

10

Engine-out HC (x10°ppmC1)

2 ——
—— Early injection(BTDC270°CA)
—— Late injection(BTDC60°CA)
0 | ] I I
0 2 4 6 8 10

Time (sec)

Figure 6-9  Engine-out HC behavior at exhaust pipe

Ne:1200r/min, 10Nm, Fuel E (T50:102.°C) Ex. Port

Exhaust stroke

o) N ,,,,,,,,,,,,,, < > _____

£

Early Injection

R e — ‘ ,,,,,,,,,,,,,,,,,,,,,,, (BTDC270°CA) , ..... ? Roll-up HC

0 90 180 270 | 360

Late Injection
Crank angle (ATDC'CA)  (BTDC60°CA)

Engine-out HC(x1 Ospme1)

Figure 6-10  Engine-out HC behavior at exhaust port
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6.3.2. WEHEHOEE

X 6-11 |2, BRENEE 1 A 7 /IS 2 ZRIEMES B (Fre) 36 T O U o A IREHE (Few) | 6
THRENENP)OFEE R, K6-1212, AU v b/ A (T 7 AT L—) OBRENES (P &
SRR (SMD) OBHRIZ OV TRT.

DISI =2 ¥ ClE, BREMY V7 I SN 7 4 — RR 7 TR —RFIEL, &5iL, 7
LEEREN DT D AR T TTENEICHE L TG LTV 523, RENREIINE, 7 ¢ — RV
X DIREIDMIFR S D720, REHE(PYIZ 400kPa &K< SMD Ak &E < 2%, Sbig, K%

TITEHRHI(TAE L 72 5. 3MPa LU FClx BTDC180°CA (W5 FAEA) LA % CRUEH S b
SNDTD, BA &y BT 4 BERAOREMSE 2T TR U U HRTBEEIC HRREIMS A L,
D B R (Fa) 23N L 72 & HERT 5.

BRENER 1 WA 7 LD BMPa UL EOBREHE (P R T EAUE, U o XS REHRE (Fa) 136
20%ARIH I LD, £z, TOMEBENEIL SMPa fHETfafnL, 5MPa UL EOERELTHEOILD
WAL ST K D IR R IT R B v v, iU, SBREAIC X 2 S5 1 (T) o &6 &
BTDC300°CA M5B (B A b 2 DSA FFEAUTITN M7 B CREEIES) | BHEDIHRT D
HICE R v BT ¢ BERAEZE L7272 LHEIS 5.

Injection timing: BTDC300°CA, Fuel E (T50:102.°C)

160 ‘

\\ Required fuel(Fre)
—~ 120 —
e \\.\.S/H’_\.
£
e | &
c
3 80 [P~
E @ @ — @]
E \
=
40 \

Cylinder wet(Fcw)
0
0 9 10 15

Fuel pressure (MPa)

Figure 6-11  Influence of the fuel pressure on required fuel and cylinder wetting fuel
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Fuel pressure (MPa)
Figure 6-12  Effects of fuel pressure on SMD
Fuel E (T50:102.°C)
200
DISI (Pf:0.4MPa)
150 MPI (Pf:324kPa)
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Required Fuel
Fre (mm3)
o
o

Figure 6-13  Comparison of the required fuel for first nine cycles
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M B (Fre) OBV MR FEAET D BRENE 1 YA 27 00 DIRENE ) (Pm) & 5MPa LA EfERC & AU,
DU R R Fen) PMEIR L, ZORIREHE S B (Foe) OHER I X BRI & 725 2 L 305,
ZHUCEY, MEENERO AR flEEZ A B SE 5 2 ENEREL 0D,

6.3.3. EZEHHOZE

WIZ, WESHRER A INEN L 72356 ORRERSBY OATRE R 2. X 6-14 12, / R/VIehiiiBiiEL &
REFRUEROBIRICOW TR L, X615 (2, BRERREEDS 25°C & 80°C (Zs(T DARENEE 1 1 7 /v
DERIREIES F(Fre) & 2 U 2 F A EREHRE(Fon) & U U ORT. BEKRIERIZ VT, L—FF
HDOWEFEN LGNS L DT,

50 Fuel E (T50:102.°C)

20

Vaporization ratio(%)

=
o

70 80 90 100

Fuel temperature on injector tip("C)

Figure 6-14  Effects of fuel temperature on vaporization

MEEHRE & LT 50% B HIRE (Ts0) 728 102°C @ Fuel E & 7=, BREHE/(PY7Y 12MPa T/ X
ISR % 80°CITIEN Y5 Z & C, iR 35% 35k L, U v AR 50%IKB S 5.
(1 6-16 12, TV ZFNOREZEEIOBIZIER A "7, MBS TREINIE T o U o 2T
WS S D T2, REFOUBIEEE (KU AURED 2RBIEIIEIC L0 RUb L, bbb ik
fbEBIEEZT. ZHUTEY, U o HEREHEFa) D RIRIAEIR L, =2 2 e HC MBI
L7ctbDEHEET 5.
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Figure 6-15  Comparison of the fuel behavior in the first cycle

Ne:1200r/min, Pm:-60kPa, Injection timing:BTDC270°CA,
Elapsedtime:1ms

Atomization by flash boiling

Fuel temperature(°C)

Figure 6-16 In-cylinder fuel spray behavior (Effect of heated fuel injection)
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6.3.4. RE/NILIZAZITDFE

BREVSUL DRt L LT, RSV T DONNNVT H A 2 TOEBIZON TR LTZ. K 6-17 12,
ZOWE A . IS, WKV T OBRFRRIE TDC ORif% 10°CAFRE TH 5. 4lal, ik
Bt Uiz 26t BIFRREAN(@)ATDC10°CA & (b) ATDC70°CA Thb. Wi dFAFRREA3FH
Cic7e s £ o1, OIIMERAEME N L. Zhucky, OOV T x24I 7 (BRI 7 1R
X) TiL, "ERFETREHICH D ATDC60°CA FHI CRINAESHERT D, 20X A I 7T
USRI 2 2 LT, RINAE T CORERIEIC L o5 EtEE - 7.

X 6-18 12, U v ZAAEREHEFo) & =0 P U HEH HC O R Z =~ @OREkD LT
BA I 7 EHIEELT, OOWS IV TIEBEICEY, HEEE 1A 2 D> ) A FFEED (Fev)
I 40% KRS 2.

ZOHERNZHONT, HTAV) o affli Lo b D TREELTZ. X 6-19 (TR 98152
FERD D, R SV T B ERTORNAEAE R LIUETBISIC L fibaMgttshcns 2 &, &
LC, WAV BFRHINCEAE T A RN ORI ARE CIRADMEES LTV D Z R0 T-.

Fuel E (T50:102.°C) .
Ne:1200r/min, 10Nm Conventional

4 56

e stroke

(a) Conventional

N
S

-t e i

~ |
:\Intake valve open

-70

56 e stroke

Cylinder pressure(kPa)
(o

n
o

(b) Late valve open

Increas
cylinder vacuum

540 360 180 0
TDC
Crank angle(BTDC'CA)

Figure 6-17  Cylinder pressure behavior during intake stroke
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120 Fuel E (T50:102.°C)

40%

<N

<\

S
o

Fuel amount(mm?®)

a) Conventional b) Late valve open

e stroke e stroke
56

Figure 6-18  Comparison of the fuel behavior in the first cycle

Ne:1200r/min, Pm:-60kPa, Injection timing:BTDC270°CA,
Elapsed time:1ms

Diffusion into the cylinder

Conventional

Late valve open

Figure 6-19  In-cylinder fuel spray behavior (Effect of late intake valve opening)
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6.4 RERALKFDIERBZIR
6-20 12, vV U FEDFHARBIEHONT, =P HC OIRBENR & it L TR T
RPRE (400kPa), WRAATREMESRFOLAENE 20 RO CHEH S /e =2 2 Bk HC OFfEH % 100
ELTHIE L. WTNOHE S 20~35%0 HC IKEEhERH 5. - AHRBIEDMAS I

£V, MPL=r Y v % RS LAAOx s VAR HC &R 5 Z LR TE 2.

* Total amount emitted during the 10sec following cold-start

Engine-out HC* (%)

(1) (2) 3) (4) ) MPI

(1) Conventional DISI (2) Engine start with Prz5MPa
(3) Late intake valve open  (4) (2)+Late injection
(5) (4)+Heated fuel injection

Figure 6-20  Verification of the effectiveness in reducing engine-out HC emissions
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6.5. F&OH

ZURREMES E(Fre), 2V A A REFw), BBEREHEEwW B L O DU HC 0% 1 71
BOEEMATAATRETR, MIRFERT U QMESEIRE B HERRRT ) 20T, &l
EMEC (DISD) Y Y 2 /AZBT DIREREBN 2T L, LLF ORI L2572,

(1) DIST=> 2%, MPI =P LI LT, RN — MADBREMIE 720D, =
TEENIRF D ELRIREPES B(Fre) 2 K E ART 2 Z LR TE D, LA LZOKIA, RPICEREA
BHAEINT 2720, U U HAEBEHEF) L, =2 U8R HC 2304 5.

2) FNOMEFNAZ L > ThT o VU HC OFENZE(LT 5. FrZ, MHEREIN ) o 2 kE
ECATAE LTS AE, BEUTRE O A M) 71 kb8 E BTk v, HC HEHED Y
M2\ a05380 5.

(3) HEAMEATRRE A3 2 Z & T, v o FHRERA~OREM IS M S, = VU PR HC &
BT 52 LN TES.

(4) =V AR ORRE Up 12 K 0 EFHE ORI S 41, 2 U o 2R (o) 2583
5. TOREE, MRENEFEOZRIRENES B(Fre) 3 LRI DT & 72 5.

(5) BREHINENIS KL O VT DRI & (2 K 0 BIEFEiE S A L, BB b2 MetEsh, v ¥
FAEREHEFa) 2T 5.

PLEONEBERIET L D NTHEY AR, FHET MPI = P % FRlA= ¥ U HEH HC A 3E5

L.

*SAE O Tf#%1+ T, SAE paper 2001-01-0969 (2001) % FigR L T &
Reprinted with permission from SAE paper 2001-01-0969 (© 2001 SAE International).

Further use or distribution is not permitted without permission from SAE.
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I~ ODPT EHEBIERE DI LI A0S 12011, BB BRI L1 T/ < A - IR
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DFAREIOIER (MPL RSAH— MEARRELL &) 2 2 MASHEIOIEI, DISE 1) o 5 (i
BloOIEH) HEE L 25,

S, S S S B () (ERR ORI O BRI SV TS,

1.1, R—FESHRXATV) oI D U RRBIESFOEKRMEE
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DZEE R Y. MPLET-HIERRERE S o A7 A3 S0 o DUy, 2 frm v Vv (%
K1F - PR 190 DT, BREMES T, Y MR ARTH o7

1980 % -6, mtRE « PulEitED =— X0 b 4 pmr vy (KK 2 5 - HER 2 90) A EER
L7200, b I FMMEOR—AR 2 FAEFFOLBRTE L, R L. Zud, K 7-210RT k91
RO b AAIER SR CIE, HARMEZEDTD 4 S ¥ URE ORI — b RFERE~DRRE}
AL, WEIEIEDES, T O REEEEZI > TRBIMRBEE~NRAT 57207 7 71
D EVSEENRE LT THD.

F28D 2.1 HiDK 2-2 T, v MUV & A —/ VR 2 D5 AN TR O & WG LA L
L ORLEN, AR—U 2 HIaEs s, A— A0S E% % 2 HIcoBET 27 27
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Wb A% & & BIT 2 FANZRE LIES SEO/E L 2> TV,

1990 FRUITAD &, (RRTE - (BB - SPERE « PUBilED =— X5, Bzl miohi b o7 &
B L, BT, —2i%, A—A 2 HaWEspa N— R LT 7 A MEHROT, &9
—OUX, MG FROOT, =TT R N EHEETER U AT Mo T H RS 7.

Year

Air Assisted Injector

Nozzle Pintle 1 hole 1 hole 4 hole 4 hole 12 hole
Type 1-Jet 2-Jet 2-Jet 2-Jet 2-Jet 2-Jet

2 valve engine — 4 valve engine

Figure 7-1  History of atomization technology in TOYOTA

Injector Injector

Spark plug
.. Exhaust valve

Partition wa[l

Intake valve Combustion chamber
(a) Pintle injector (b) 2-hole injector
(Single spray) (Twin spray)

Figure 7-2  Fuel injector location 4-valve engine "
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1.1.2. ITTF77 X MESH

BREMBRLIIZ OV TS, 2AVE TIZ SRS K DBk b 230 - 7= Stk LR S e, B
B AR 12 R U 7 B BRI LB S 5736 L OV & INEAT 2 INEMHORIA LME SR 57 e S & DAL
EEATDORFZED- 3738 E STV D, L, W ILOMESR P bk LE TR B35 & oo, M
WEDIE T2V WEFEDIRN Y BRE RV $E720 &, FEO T &R b oo mi sz )3 A #
THEEMH L LTEMESNIZbDIERh-o T,

EHEDLS, U MBI TT T X MR AT U OB E RN LS TR e & S S E 2oL
LRGP OBIFE MRS & foct T & 72, £ DT T H R LB T3 E FRBERR 72 & TE NS —fRAY
kb FEE LTERSNTERY, BEIET Y U o 0 O UREHIE 27 5T
MENTF oD 2 D, ZHUTHER D EZEOMEM LS 4 Fpm VU & U TEE O Tk
Fa SESERT VUG T Tl S 5 Z & A2 RIS AT o 7. BEFEERH Y,
PREFETEREEE, IRFEERFEMEIN T D A — VB 2 AR ORHES TE 2721 b72 0 K 91,
TT T VA NAT X T G A Rl U CESE O ST & kb O & X o 7.

Aspirated air-assist

(AP=50kPa)

V%
e ] -
Air inlet passage .’mr.

Figure 7-3  Schematic of air-assisted injector
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X 7-312, A—AA2 FATT 7 A MERFPOREEZ Y. R/ VRIS SR O SIS L
7o 2 AT B 7 ZWRHE 22 a8 BB R TV D, E72, K741, =77 AR
B S AT LT AT MERE AT BRMEHZERIE, A vy FMARO BN 6T A NERHET
URYINA T oI UTRERER TR O 7 3 2 F2EKUEAFLIZE IS, 7TV A MERIE, =Tima A
~7'® ISC (Idle Speed Control) /L7 LV &SI, 74 R/WEERE ClIEEO = ¥
R HERF S D .

Three-way ISCV
Throttle valve

Air flow meter
FNJL‘: e

Surge tank

(D

=

Atomizing air delivery pipe

Fuel delivery pipe

Figure 7-4  Air-assisted injection system @

7-512, ZOWRTHWZ 288D 2 Ha 7T X7 % OffiEE 7. @%A47 A GNBIRAT)
1%, RO PN 225G AFLEZBLE L, 2 HTANZ TGRS T 3 A MERAEZGRS S
b3 55N THY, O)F A7 B (NEIREGH) 1%, ZE5EAFLE IR E LT, 74
THENETT v A MR L EIERG SEMht T 5 N Th 5.
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(External air-mix) (Internal air-mix)
Figure 7-56  Schematic of air-assisted adapter

SMD 180um SMD 30pm SMD 180um SMD 30pm

AP=0kPa AP=60kPa AP=0kPa AP=60kPa
(@) Type A (b) Type B
(External air-mix) (Internal air-mix)

Figure 7-6  Spray shapes
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Figure 7-7 Effect of AP on spray angle and SMD
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Smalla Optimized a Large a

Figure 7-8  Fuel behavior in adapter
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Figure 79  Effect of W/®d on SMD

w/®d=0.02 w/®d=0.21 w/®d=0.87

Figure 7-10  Observed fuel behavior in adapter
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HRDFEED L 51, EHEHIEW) 2 # LW ¢ d=0.21)73 2 & 53l FLNE O 22 P ok L 22
(EZEfkifl) RS, E2ICT VA NMEKNEZRRAT D120, 7V A MERIC L DHkiHE
DA 95 Z & boT.

X 7-11 12, W/ ¢d ZiEIEILW/ ¢ d=0.21) L7ZEEDOBBA LR 273, 73 A hAEEIV NSV VE
B (ML DT 3 A MRV RVEIR) C, kb KIEICSE LTV A,
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[J: w/ed=0.21
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@]
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100 - . I
0 l l | ]
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Figure 7-11  Deduction in SMD due to optimized w/®d
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Figure 7-12  Comparison of SMD
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Figure 7-13  Comparison of steady state HC emissions
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Pm:-60kPa—— W.O.T, A/F:14.7
TCFI; Transient compensatory fuel injection
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Figure 7-14  Comparison of TCFI quantity
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Z DEMRALRESR FR OBRFE IS B 7 o TUE, SRR LO R A >k & 7 DRI NERORRER LD
fiEdT L LC, 20 (5O RIBULET M L % v — b FiROTEhO [k & CFD (Computational fluid
dynamics) (2 X DWEHFRT— NI FIROWIIENT 235 Z 72 o 7=,

Plate nozzle

Figure 7-15  Schematic of multiple-hole nozzle injector

X 7-15 12, ZMEENFOMEEZ R, SEALENFFTIE, EHR— MR TIROT v KR Y
22— L EZFORAR, EHE, —=— RVEETAIRDS, EHAORERHMEC, R (SMD) B
FOMEFED

S
S

B2 Z LIIERBRICH K< MBS TS, 2T, — M FROFIR &
Z DU OIFHT & FE ) X To SMD OFHUFERNS, ZWEFL ) ANV Dfiae b4 il iz,
MIDIZ, =— FASRIRIEIRD, 247 A (M) L&A~ B (EkFp) @ 2 FFICOWT, 20
EORBULET M & D 2 — b FIROWNO RIHHE & 527 2 K DEFBRBE ORI Z1T o7, 5
FRIROFHINE, 5 8 BT~ L—HFEHnEEZHW-. K 7-16 12, WE D/ AU, X 7-17
12, >— b FIROFNO A EEIESER & SMD OFHIFERZRT. > — K FiOT v KR U 2—
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LEFE CUF, Va&idd) 1%, 247 A (M) 28 1.12mm?, ¥4 7 B (EkFp) 7% 0.58mm?
Thod. SMDIE, VadvhE<, r— M OIEFLE TOEFENFLOERFRDMEIL TV D, JiALD AT
BULBIZECIE, M#ERIE, >— MBI SAURET M O H TR < HLEATELILAV D 70V v F LD
~AL, ERARIE, WEILE CORBENENZ b H 0, BRI 720 5RVELNE S o7 F FIE
FLEBA~RA L TWND Z EnBIE SN, 207, — N FiiOT v KRR Y 22— A ANOFIUCER
L, L0EEMIZENOIRE ERRALDORIRIZOWTH LN T H7-, CFD fifirick v v—h
TFREOFHE AT ZFHR LTz, TR L= 7 M, STAR CD THRIRD A0 HFRGEANT, &
R TH L. FHRSIMHE, ARET) 270k Pa, HEAES) 0kPa, HRIADEEIIT Y U o Z2E LT
730g/cm? TH 5.
Need|

7

i 4 Dead \\ : ‘ 7

V74

Volume(Vd)\I

T 1

| T Plate _— |

Vd:1.12mm?3 nozzle Vd:0.58mm3

Type A Type B
(Conical shape) (Spherical shape)

Figure 7-16  Needle tip configurations

SMD 150pm SMD 110pm

Type A Type B
(Conical shape) (Spherical shape)

Figure 7-17 Flow inside multiple-hole nozzle
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7T-18 1T, S L ERFROMMTHER A IS, 7 v FARY 2 — APFALOELIVEE OFEE & LT
FEFRATER(US) & fEhtaLitid(Ua) & okt (LLF, UdUa &89 CEIR LR & L—FEET
FHHI L7252 2o SMD % b U CORT. BRFPOFLAREUSUNE, FI#ESR & i LT 1.5 %
Emi<, ZOEMBEUSUI DA, HRUEDM FITFREODN TS b D EHERI L 7-.

2.0

SMD 150pm SMD 110pm

-
(&)

o
3

Us/Ud (CFD Data)
o

Type A Type B
(Conical shape) (Spherical shape)

Figure 7-18  Effects of needle tip configuration on turbulence intensity (Us/Uq)

28.00 m/sec
24,00
20.00
16.00
= %2100
800
4.00

~= 0000E +00
BN - Separation flow
\ vt
Type B
(Conical shape) (Spherical shape)

Figure 7-19  Flow inside multiple-hole nozzle (CFD Data)
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4 7-19, X1 7-20 (2, R TRDI-MEESR, ERFpOTESMT & E5f 7. BITRT X 91,
ERFPOHE, WAL ST OFEENE T, ZOFEENEHIES 2L LD Z En3b
molo. 22T, ZOWNOEIREUSU) EERENCER L, =— RASEmTRR, 7> R
U 2 — L5V, MEANLE Z 2 2 CHUAMENT & J50) SMD O%fht iz, Z 2Tk, Biioiopf
RS, FABEORZ VWL AT C (77 v M) 12T bIAART & SMD FHll 2 i L
7-.

24006408 (P2)

=

Type A Type B
(Conical shape) (Spherical shape)

Figure 7-20  Pressure distribution inside multiple-hole nozzle (CFD Data)

4 7-2112, #A4 7B (k) L4 A7 C (77 v bp) D Vak SMD ZH# L TRY. KITR
FTEOIE, BKFpE 7Ty MRTIE, VaREILTH-TH SMD ITIFKE2ENRH Y, HifliZeHRE
BAfRICITZR <, RVELNIREDORE 727 7 > MRRAMRAICEN TWD Z AR L TN 5.

T-22 |2, VRARFRHT CRD T FLER DL REE A (4) & SMD OBHIRIZHOWTORT. IR
T L, JENEBEREE(A) & SMD (%, ValX 53, MUOERIZ R 2R AR LT 5.
ZORERING, 77y ML, ETARBIERE(A R b EVMEZ R L, SMD (3R b /NS o,
Z DIESREERE IO T, EE D A 12 K DML O OMEEE O H RSB O FHA 4 57,
] & 2 OIRBPE AN IREGD STDY, BFETE 5 FE TIZE - TR0,
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SMD(um)

125

= = — Type C
u Type B | @ (Flat shape)
(Spherical shape) . i

A O

Va:0.71mm?

N’

[ AFATAY

Va:0.63mm?

105 |

95 F

85 1 1 1 1 1
055 06 0.65 0.7 0.75 0.8 0.85

Va(mm?)

Figure 7-21  Effects of dead volume (V4) on SMD

150
Type A (Conical shape)

140 1= Va:1.12mm?

130 i ................... Type B (Sp:herical shape)
~N
120 . NG Vd:0_84mm3 ......................... ................................................ I

____________________ Type c
(Flat shape)

110

SMD(pm)

| Va:0.58mm? __ N

100 V4:0.63mm3

80 | | i i |
0 05 1.0 1.5 20 2.5 3.0

9 |- | | Ve:0.71mm?

Frequency f,(kHz) (CFD Data)

Figure 7-22  Effects of pressure fluctuation on SMD
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72312, 77 v MO 4 5L 2 FPEST TR DM T 2, SR 2 T PES T & i L ORT
TESIAL 2 J5 RS R ORRIEZE & BRI 2 a2 (R B 72208 5, OB AS KIEIZE E LT
Dz e,

4 7-24 12, SMD OFHAFER AR T MEFHEIRLIE L 2IC7 T v MR XY @k kg )
EHLTWD. 1R 2 FENFR OGS, SAE T TOMRT, 747 2 Jelli s Omi5em
BRI NS 720, SMD NREL DN, 77 MpattH Uiz 4 4L 2 s T, %
HSRESP) DFEEZITT, WTHOEAETHIR L0 SMD %7 LAV VIR T2 E L7
BULDSHER CE 2 2 L 2R L7z,

Ambient pressure

OkPa

Ambient pressure

-60kPa

(a) Conventional injector (b) Multiple-hole injector

(Hole nozzle) (4-hole plate nozzle)

Figure 7-23  Comparison of spray shapes

- 118 -



F7E AVYI2IVOURABRBBSFOMALHRE

Ambient pressure

e [:0kPa [ ]:-60kPa
200
i 150
@)
5 100
50
0
Multiple-hole injector Conventional injector
(4-hole plate nozzle) (Hole nozzle)
Figure 7-24  Comparison of nozzle types
Ne:1200rpm, Pm:-20kPa
A/F=14.6, Tw=40"C
. - BTDC60°CA
3 - ATDC60°CA

THC (X10 3ppmC)
N

Type B Type C
(Spherical shape) (Flat shape)

Figure 7-25  Comparison of steady state HC emissions
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< 7-25 12, 77 v MpEERFFOEFEIERO HC JEHRHEO A~ = Vo mlkg (=
VYUK Twid0°C) THEGHII L7z, 77 » MrOBRUEFIZ LY, =0 Y gk HC A3E
LTW%. F7z, BRFp L LC, WAIAEIES (ATDC60°CA W& T) 1ZBW\W T HEEE HC o
s 7e <, AIF S BN 7o RN S FTRE T 5 2 L 3R T E 7.

7-26 12, =V miERE (=Y KR Twd0°C) TO, Av vy MR EBHEEO A/F U —2
ANRA 7 OFHAIRER 2R, 2P AR ETA R Y AR E 0.1 B TR T
Pui-60kPa OEH 736 WOT & 725 X 58I LT AR U —2 231 7 2 Rdi=. liEDH%EE LD
BBIC T D728, =2 U imiERE (22 VKR Tws40°C) ORREREE(TCFD%Z 7~ b L CHulk L
7. 77w MRTIE, BBIOBRIZ X 0 RARFIES 2 FTRECH Y, UKD, mERD A/F
U= = PSS BTS2, 77 v MROBKBHE I L v, WA — Mg
BLOVY U FRERAOBREHIED A LTS Z EZ2REL TN 5.

Ne:1200rpm, Pm:-60kPa—WOT(0.1Sec)
W/O TCFI, Tw=40°C

25
20.4

15

10

Lean peak A/F

(BTDCB0°CA) (ATDC30°CA)

Type B Type C
(Spherical shape) (Flat shape)

Figure 7-26  Comparison of transient response w/o TCFI

(TCFI; Transient compensatory fuel injection)

BIE, BpECERH L TV D ZMELESRTHE, ZMEALS & BICHER, 12 fL 2 FhEs 238
SNTW5, SZREFLMERE, T OEIZ L DKo 2 b TREFOBRI LN EB T 5729,
MPI = 2 DFfi L 72> T A.
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1.2. RAEHKXAVI IO RARBESTFOERMSEE

1996 2, HAO\HBESM O R SEERT TRWNMERZG (DISL Direct Injection Spark
Ignition) 7Y U > VU NFERL I ND-0D, BEIEORR Tl IO KUMKW AZER
WENC L0, (REERhERERN R K D@t b & SR I X DI B L2 B LT D, &R
METFTIE, RBFOIRYE TR L L TAT—/L ) RN IR ShTn 5.

2000 4FiZ, FHEHla &7 hOFE Ao DIST = P a2 ftodzk ) L7208, Ffia &
7 M T, EPERBE AN A b L— hAR— R OWRKCRIEEH S D 7o D LWIRAKIERIERS B &
705, THUTBRORIITE D R WEGXE TH Y, MERH O L OBEM) & B R b IR O E#
LI L > TRAEREZ SKRE Y ~NEL Z L Thh. ZO L ) IIEERFOEH =X —IZ L HIR
BRI O THE L 705,

IEFFICER SNDFMEEZ FE L DD ELTOHY ThS.

(1) HEEIZRER) - W% B DNEA R TR L O DM 717 b s KA ~BIE S 2 2 EEME.

(2) R  ERIE A KON & IR A SN OB E L.

(3) IR « 225 & D AMEREZ LV £ LD, EXREBZALLT T D, REICE
W TIRWEERITOLTE LT IRE XIERL.

(4) kil - IRAE X OIEE.

ZOREE RO DO—D L LT, EEOLMNBE L “AV Y N AV (T 7 AT L) &
Mz “Wall-guided” BRBES AR S, mitEee - ARRBE L LR AT AD 7 U — L AVDWNL)
b, 7-2712, AV K Az “Wall-guided” #A5E ST OIS 27~ 9.

AV v k) RSB SN T 7 AT LT, WEER S ORF O R B &gt S
E A R UIBIRIZ K o TROVRIRICIED 2 L7 < kK7 7 ZTR 0 ICBIRARETER L, ZE LTk
JERGEZ FEELL T D.

7.2.1. RYw b/ )L OEEHE

DISI = Y AERSID 2 A, WERAT—L ) AThotz. Z0O ) ANHBIERT HE
TEY, h2eMmginegs L P EMEEEFEICT HD.

ZHIUCHK LT, EEOLDBFE LAY v b AU, ECREKROEE (77 A7 —) %
R 5. I CIIMEEICRT A ESRICIE D LAY, &4 A4 70 AVOgEE #1772, K
7-281%, AV v ) ANVEBIRAT =)L) ZVOLEIDGIRZ RS, AU > b U, — b
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U > ZERRH 0, o ZER DA DNNERROFENA Y » MEANER S TN D, A
T —)L ) AU, — b ERICA T T2 WER SHUERR A TR L, Z ORI X 0 HEEREEE
DI S 5.

Fan-shaped
Spray

Piston
Cavity

Spark :

Plug

Stratified Mixture Cloud

Figure 7-27  Wall-guided combustion system configuration

Swirler

Sheet

\ Swirl Nozzle /

Figure 7-28  Nozzle specification
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X 7-29 1%, AT—/L ) K& RV v b J RVOEERIRE R L CORY. 235noE 2 1 2
I TR L EEAEDE 2ms THDH., AU—/L ) X)L OEFEREE T2 #EE  (Hollow
Cone) & HFEM#HEEDE (Solid Cone) (531 B, —MUTIIEFHEA Y A% K< 5 & Hzaikong

(272 % . W22 SEETE T m O S B 2385 <, TR IR MR I P 22 OB R K 0 BRUIE
SRS, SRR . E SR & BMIE T OSSR ERo (1) ~ (3) THER S D MEHEE
PEEAEE LY. ZHUSH LT, AU v b ZVFEFIERE S RIOTED O DIEFIT AN — 5 Tl
FHEOER D IFHL, EBIESE Th 0 2203 R REER ThH 5.

%7, 7-30 IZRT L DT, RATU—/ ) ZANDIE S LA LD b emEEais &
 MBIREBRNDG DD . BRSOV TIINF Ky 7 ZIETRE LIRER, AU—1L )
ANEDHARY v~ ZVOF PRI TS Z e 2R L TEY, Fifo (@) TERE

DUETRHECEET 5. ZORERREEZK 731 {7 d. 20X, AU w R ALDBEEK
SNDT 7 AT LI, WURBERY), RVRK, mk b & D RTIRY VU B 7220 VTR
a7 M LT EARRHEE > TND Z Ldbnnd. £z HYEMEE 2 DERINDEZED
T2 R L OB L L WO BLEIND 7 7 VAT L—RIERIZFH TTN .

Back Pressure(P3):0.1MPa(abs.), Fuel:n-heptane
Pulse Width(Ti):2ms, Elapsed Time:2ms

Nozzle Swirl Nozzle Slit Nozzle

Front View

Side View

Hollow Cone Solid Cone Fan

Fuel Pressure

(P) O9MPa 12MPa 12MPa

Figure 7-29  Spray type for DISI gasoline engine
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Back Pressure(Pa):0.1MPa(abs.) Back Pressure(Pa):0.5MPa(abs.)

100 :IOEF'a'n' T T ! 100 e Fan
- A :Solid cone A :Solid cone
= 80 = 801
E ' m:Hollow cone E ®m ‘Hollow cone
£ 60 | | £ 60 |
o [#)]
= c
o K]
(0] (0]
S S
» 20 | » 20
0-1|||.|. Y M 0 el PRI SRS R T
0 0.5 1.0 15 2.0 0 0.5 1.0 1.5 2.0
Elapsed time(ms) Elapsed time(ms)

Figure 7-30  Spray penetration

Slit nozzle
(Fan) SMD(um)

Swirl nozzle O 30-35
(Solid cone) 25-30
[l 20-25
Fuel:n-heptan 15-20

Fuel Pressure(Pr):12MPa E
Back Pressure(Pa):0.1MPa(abs.) 10-15
Pulse Width(T:):2ms | 510
Measuring Location:40mm Downstream O 0- 5

Figure 7-31 Droplet size distribution
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4 7-3212, AV > ;) AVOEARFHTTEZRT. #O (0.1~0.2mm) FERROA Y v MEALRY
7 PRSI S TS, EESMEN D H RO T A% 0L L, £, ZOMTADOY 7
HI~DIEEMNZ DD M E W > 7 il & OiFfiE B (L%, B ~SHEEET), BERAN LT
DR E ) ANHUDERO 22T @) & 55, 22T, BN TAO)A—E T B - HENKE
<725 ERRMESL (EFLUAAM) OMIENARE <725, LIT, W S D FRAKITEIPI B KRE
J£55 (Pa:0.1MPa) TOMEFEIAAAOEEZER % 6, MESS (Pai0.5MPa) TOMEZEAAMOEZEA
0, & KT

4 7-33 1%, B ~HEIT HEANMNTA @) & KUES: (Pai0.1MPa) TOMEZEF(0.) DEIRIZD
WORT. HEOEA R EZNE EWEFHEA 0D DS, EFINLTAONIINZ & E27RT.

B THEINVRNS N E 0/0: 1N E L 720 TS ZhuE, B SHED/ NS WD & FLNERAUTRSIRE
fL (EAULA) AOHFLEBICEN L, FERREFLAIMAEBOWAAE5 < 725728, ML A (091t
L CEZA OIS L 7o To EHERT 5.

B "HENKRE 722 L FRIREFASMABBOFRN DR 720, LD BIEH S35 MEZE O FE S IE L
INTAONUEL 72 D728, 00T RE 2D, £72 02D Ol DEALDREN NS L 720 ik
HIIZ Ba/6r1F 1.0 ITHIET 2. 0alE 6r LV REL 2D Z &RV, ZAUTEFASMAU DI D35 <
725 THROIMABEZ LV FRADBIHI SNDT2DTH .

Sac center Center axis

Ny

h

i

[m

Front view Side view

Figure 7-32  Nozzle specification
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Ba:Spray angle(Pa:0.1MPa)
of :Nozzle worked angle

1.0
Pr:12MPa
09 |- — L EE—
8ls 08 [ e e
0.7 @/ ----------
0.6
Decrease
Figure 7-33  Effect of spray angle
Ba:Spray angle(P,:0.1MPa)
Bp:Spray angle(P,:0.5MPa)
1.0 ;

Pr:12MPa

09 }---- + e :._._.._.._. '

Op
Ba

08 _._._.._._.%._.._.._. 8 .._.._.._.___:._.._.__.._.._.:__._.._.__.._..

07 | ._i_.._.._.._.._.._:.._.__.._.._

0.6

H I .
| | |
i
Decrease <:| B |:> Increase

Figure 7-34  Effect of B on spray angle
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WIT, "SRRI HTT 2 FHKESIP) DI S\ THIA L7~ [ 7-34 1% B ~HEICHT 5,
KRETESS (Pa0.1MPa) OMEFEA O & NES (Pa0.5MPa) OMEZEMO,) DORRE RS, B AN
INENE 00 TN E L, DF Y KREUESS (Pai0.1MPa) OMEZFEMA O3 D I1ES (P2:0.5MPa)
TOEFEAO) DREHAENRREL 2D, BHERKRENE 0,13 01238 <, DEVEET ThifiE 722
VIEFE L 72 %, FTz, BHEICKHT D 0p/0. DELFEINNEL 7D,

[ 7-35 1%, KR&UET T B HEEZE A TR OEZEIIR & BT 0 DILDS D A ORE /AT 239
WEFRIRFE3AIX /) AV T 40mm 12 4.5mm & v FORRENZ T &350, FREF T IS S Av7-R
BIOE &L VRIE L. 7T 7 ORI AR OB 63 2 BB T I ST REHRE T h

, ARIC100% L 72 % . B HEAV NS W EFROEFRENE L 700 (EHFHR), B HER
REWESMUDOEFIREN &L 72508 (EFETIIER), HHERKE L TOERNTITE A EZTL
LT,

Decrease <:| =] |:> Increase

1357 91113 1357 91113 135791113
Cell No. Cell No. Cell No.

Figure 7-35  Spray shape and distribution

7-33 T, B-HEDHINE & H1T 0. D Ok DEMMDREEAVNE 720, FfAIIT 0a/6r1F 1.0
T 5 &9 X OITEFEA L L TOBEITNE 2D, IRESAADEN LW D TETELNE
NTNWD Z DD 509,
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VLED X DIZBHEZA X D 2 & THEBIREE M, KEUTY; (Pai0.1MPa) & IEY; (Pa:0.5MPa)
TOEBIRE(RE VS TEBIPRRELEZ D LR TE 2.

1.3. F&H
HENEH Y VU o2 v OBREWESR I Bk SN A 5ROV T, MPL =Y & DISI =
DATOWTHLMNNZ L, WEOMBEICRST DHT- SN AR L, fi b L.

(1) MPIL =22 T, RN — MO 2l 2720, WA — MERA~OREMIAE L )
> ZREFASDOIREMIE DIRBNEE TH 5. KRS, WRA— MERA~OREMIEIL, 1@HEER
iy (NMEJROREF) O A/F HEWEIRE SEBEL, =0 VU AthoAEYE (HC, NOx,
CO) DML ER N EZRI ST, E£o, TV O FREHA~OREHE TmsEiRF o~
VU HC o ka1 2D OFBEIZKRS LU CR% SR OOV TE &
5.

(@) 4Fpr vy (WK 290 - BER 290 W& UCBI¥E L7z 2 FMaslL, Jebimr ¥ 7% D5y
UL MER TR A TS R E S, 2 J7inEsR & WIS ERA S v v RV S L [RlER
FEDBEIOMWRAVEE &2 L, 47 Y Ommttiefba EZE L.

(b) T2 ST 2 EEARIZ, 2T5MTT 7 A MERNFR AR L, BREOMRI L &5
FOHEWEDOMNZ X~z ZHUTE Y, HiEAE) « BREGEFE O — MEER DR
L) CHBEIMAOBREMIE MR S, =P P HC 0O RIERTR & 1t R
AJF il b L7

(c) MERHFARTOMBAEGEL LT, TR — M N IO OELIVBE 2 S0 5 2 &
RERAYT, MEFLATE DO ORIBE X 5 HREIDMRE ORI LICEZ T LT D &
Bbivd. ZONBENRENT T v bR SEILT V— G DR T LIRS
FrapzEL, bl

(d) ZOZMEIMESFF 2 AT ER b7 7 > A MEFFRIC LY, BRIEEIOE 191 7 uh
B A BERIASOFERE S RIEI AR L, 448D - BEHGEE D= ¥ U HEH HC 2 (K83
HTENTET.
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(2) DISI =2 TiZ, 2000 FEICHI L S5 AR DISI = o P AEBA S Ei= v
T NMIKHST AT, AUy " AV (T7 o AT —) ZHICEIE L, LLToMmRAZE
7-.

(@) AV v b ZANVORFRFO—>TH D B ~HE (EEIDIEN D T HOMEFINTAO) & =
INTADY » JRI~OIERRRNZ D D &V 7l & O 237 7 0 A7 L—DOWEHEE
I, HEdER L O AR E T 5.

(b) B ~FEAVINSWEFROEFREN G 2D (EEFETIRIR), B SHERKE W ESMUoE
FIRED < 72008 (BHETVMIAR) , EHEEAk s LTOEFNIIZLE A L8 E S 0.

() B-EIZEY, KREES (P20.1MPa) OMEFEMAO.) & MEY: (Pa0.5MPa) DOWEZEA(0,) D
OO NS 5. B SHENNEL 205 EFHEIESIPIDFEE 51T, 05/0. HV/NE L 7
5. Filz, B-HEEZRELSTDHE 0,13 0.12303<.

(d) B -HEEZEZDZ LT, MERESM, KaUES (P20.1MPa) EhEH (P.0.5MPa) T
DOWEFIREACR E NS T FRE A B2 D 2 E N ARETH H.

* (f) HEEEEINRO THZST, BBEEEIr 2w |, Vol.33, No.4, 20024729 % —ER I
L izl
SAE O Ti#%15 T, SAE paper 912351 (1991) & SAE/CEC paper 2000-01-1902 (2000) % Filak
L ThnEEding
Reprinted with permission from SAE paper 912351 (© 1991 SAE International) and
SAE/CEC paper 2000-01-1902 (© 2000 CEC and SAE International).

Further use or distribution is not permitted without permission from SAE.
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ET8E XI)w b/ XILABKEENAD

e EEERA

BT ETIE, FRIOTIECLY, RV v~ AVEFHRFO—oTH D BHE (EENEN DT
FIOMEFLINT A O) & Z DMLY 7 AISOIERFRA AL D 8 & W 7 Hul & O A3
FRVEIC AT TRV TR L, 77 VAT L —OMEFEIR, Wit KO IRES 5 HER
HEHRTTHDLZ L2 BN LIz, AFETIL, B -HEEZZ X T-RFOWELNOBRERAL 2 S fRAT
L, ZH6DOEFERMENRAKIZRICE 2 %8B OV Tigat L7z,

8.1. /XL / ZILHDBELRENY LU

8112, AU v b ANOHEAGE LA T, B TEHED 1.2 Hi T/ ANFEITTIZOWTELR LT
L7, ZITHEND. H (0.1~0.2mm) FHROR Y v MEANRY v 7 FRENIIER ST
5. WEEDEN D HROEIIMTAZ 6L L, £z, ZOMTADY v Z{H~OIEERR A 5 S
Yy s dl b OllEE B SHE, EEAMOMEFLI R E ) KV HUUSERO T4 % WG FE(B)
LT5.

Sac center Center axis

O\
////////&%

N

Front view Side view

N

~

(-

Figure 8-1  Nozzle specification
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82 1%, MrNTA®)H 70°—E T B HEEZZE X T-RFD ) ZVPNEEEAR 7 R VOFFEHTHRER
FHLT-bOTHD. ZIUL, F7ED 7.2 {§iCil~7=23, O LAO02—E T B HENK
EL 725 LIRS (EFLIAAMR) OMEFIERE <7 d.

CFD iz L7=Y 7 M STAR CD T, {RIKDOLOHEFRFMAT, EHFHETHD. HiAE
AV U EREE U T730g/ems, REHTE/1(PiE 12MPa, FRIASUTE /I (P)iX 0.1MPalabs.) & LT
W5, B HER/NSWERHLEBOEE D E <, EAUIN LA O OMEE IR DRVRILE 78D, —
75, B SHENKRE K RDIZ LT SO OIREE DM T UMEFLN OIREE /3 B L 78> T <.
52 BHENKE 722 EMEILINTAO) OMIEEZI 5 HWENEL 7250,

B B B
(Base-05) ,/  (Base) /  (Base+05) / Velocity(mis)
P 4 Vi 200
g
P 150
S
%\ 100
R
:: .'\ 0

Density:930(g/cm?) 6f=70°, p=22"
Fuel Pressure(Py):12MPa
Back Pressure(P,):0.1MPa

Figure 8-2  Effect of B on flow

ZIVO DfTHER &5 T D 7.2 Bi TR~ EBHE RS, LD Z ERH LN T,

(1) B ~HEA NSV L, RURIEL (LR OWLIEAES 72 57, WL
AN CHIEEL, FRREAL (BALEAR) o hOMicEd L, FREAEORN T <
. CORER, LB SHD RO A O TAG) £ 0 /NS< A2y, of
DEOEGIE < 725
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(2) B HENKRELSRDIT L3> T, RIS (EALAAR) OMFLIEARE < 725720,
FRIEFL (EALIRAMR) OAMART ORISR 720, MEFLA P CRIEE L 7280 BRii 3E fL
JRFONEEZ T3 L, WA OITEFLINTAGIIITS< . HfEIZ 04/0:1% 1.0 (ZHHT
L, WEFLN ORI —I272 O R b B S b,

(3) BYHENEBIZKREL o Th, WL OIER SNDFROEEAONT, EILAARORN
BECHIR SN D72 OM LN T MO0 L 0 K& 25D Z &1Ens, MEFLINEROEEE 540 135
RIEFLAMUER OFEIVN & HIZIRL 720, AMAIOWEFEIEE N EL 7 5.

8.2 IUIUAMBEIGFETT

TV VT L OYREMER SR O RALE I L D, MBI~ OZR b e s, K 831E, =
Do ~OEHEGIE T, EEAONL, = UrOREICEY, VU UARTE, Ty ET RS
Rip D72, BHEH ORI L HoE CRERET SV, £/, = VU EOERNG, 15
Sl O L CE A R REAEZE A CERN T 20883 H 5. ZAUSK LT, K81
(R IER A @) L O IEE PO BT 2 K OIS LT D,

Back Pressure(Pa):0.1MPa(abs.), Fuel:n-heptane
Pulse Width(Ti):2ms, Elapsed Time:2ms

Nozzle Slit Nozzle
Fan-shaped Piston
Spray Cavity
Front View
Side View
Spray Shape Fan
Fuel Pressure
(P1) 12MPa

Figure 8-3  Fuel spray and piston cavity configuration
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X 8-4 1%, B~1Ea—E L LT OB XD ) ANATOWIEOEESR Y MLV &g L2t DT
b5, BHEA—EICLTRITIE, 62X THM 82D &5 EESMORY IFAETT, EILAHE
JEDN Y I DIRESAIE, (ZEFE—DOEEGL ZENTED. VY U FRTROENVE LD
KRIEFA OZEAUITHR L TN ZZE X TITEICTED Z &b 5.

Density:930(g/cm3) B=0.35 , B=17"
Fuel Pressure(Pr):12MPa
Back Pressure(Pa):0.1MPa

Figure 8-4  Effect of B on 6f

85 1%, WA EB) 22 TRED ) ANAROHEERY MVEIIR L= DO Th %, "EF4EB)
R Z T HMEALNEEAY 0 FROTAVEREILR—Th Y, HEGENEboTH B 2EZ 5L T
WETRHEICIE & A CBE S PHEIETE D, ZOX B 6eBIUB OEIE LT Y
L, FHECE S TR RIEZ R D LN TED.
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Density:930(g/cm3) B=0.35 , 6f=60°
Fuel Pressure(Pr):12MPa
Back Pressure(Pa):0.1MPa

Figure 8-5  Effect of B on flow

8.3. EAREEO-OOFHHI LT

8.3.1. BINARFEEMET7 v RTL—DFE

RIS KIEHIT 21T © 7o ORIN O A b LY CFD (2 L Afiftr & 34 L 7. "Ififbidr—
Ytttk (LIF; Laser Induced Fluorescence) (24 W 1To7z. i LizdoeAliE =T 17 b
> (DKE; #ii 102°C) TINEFEEREL ChH DA VA7 2 AT 10%IRIN L7, L —H % Excimer

(XeCl ; I 308nm, 120md) THEFHIIIL—F DA TOU ¥ v X &2 VU ERRIZFER L
T S H 7.

#8112, IREXUEHIT R O CFD AT L c= o P U F 8RR ea Ry, = v
DFEEARERITK 8-3 - T LB THY, PEMERNFIE, RAAMNEE 4, BREHIE R U TE
HZER T BT v BT ¢ Ao THER S 5.

- 137 -



B8E Ry b/ XIARKBRNDRIERNT LESTIK

Table 8-1  Test engine specifications

Engine Type 4-stroke, In-line, 4-cylinder
Valve Mechanism DOHC 4Valve
Displacement 1,998cc

Bore, Stroke 86mm, 86mm
Compression 10.3

Fuel System DISI(Pt; ~12MPa)

8612, L—¥FHaE (LIF) (X0 il U 7o BReE == HEREA i 7 m OIR G XUERL DR
REZ nd. firm (i) 1%, U &g, A (Rl (3R ke ERRE W <o
5. BREMESREIZ BTDC60°CA Th v, ¥ 1 I 71L BIDC36°CA Thd. KR
TR HIZERIRDIBE R SNV TW DTN Z DN H 059,

(Side view)

INJ.

Ne:1200r/min, g:12mm?/st
Injection timing:BTDC60 CA
Ignition timing:BTDC30°CA
Piston position:BTDC36 CA

Piston

(Bottom view) Rich

INJ.

Cavity Lean

Figure 8-6  LIF measurements of mixture formation
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w2, YV ENOHTAGREBO %, hL—%& L T~vA 7 mb—r % iz @il ERE &
bR AL (PIV; Particle Image Velocimetry) (ZX D EHAIL, fENOIRASIEHGEFEIZ
DUWNTHT.

87T, MEHHREHC Lo CHIE R Z S W AMBIORR 277, BIEEWNRIL S Y o & gui
Thb. WEOBRINCELY, HEWHREHIE A o v B 7 ¢ KED HHEEE A LTk fm~
BEENY, WRAANEERL T DTS DD, 20 X5 Aeiiduc & - TERRE &R0 ke
IR S NS,

Ne:1200r/min, q:12mm?/st, Injection timing:BTDC60°CA

Intake valve Exhaust valve
side side

Figure 8-7 In-cylinder flow pattern

8812, mukIEEEOVLHE L— Ry 77 —jii#Et (LDV; Laser doppler velocimeter) T
FHI L7253 A R sk O A1 USRS T A1 30iAR, B—5 U o 7 IRRECRHI L7z,
Z 2 CIEEEFR M B HER IR D A ES R EERT D, B S L iRRET
BTDC40°CA~50°CA I K E I A D51 HERIF=WK I~ 9 ) DFEE—27 BRHILS.

ZOHAGENE, 77 VAT L—OEFIIE ER N F v BT o RO FE LE K OYREIE RS
O IFLIZ L - TRAET D, —J7, BEREIRRWREETIZZ O X S =2 XA bk, o
DZLinb, 77 AT L—IREA M X BT  WITh> TRAETMA~EE L3 2 & TR
TEINERR S TWND Z D35,
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Ne:1200r/min, g:12mm?/st

Injection timing:BTDC60°CA v
© g 10 =
) Dacitim 2 ) _ Non-injection
7)) rosiuve [1)] "“é 5
2 direction § =
g 7 g (o)) SECEECETTETLEES TN SIVERR een
o) = =
X [0} (]
o] < -
E ] I:l'(l 3 '5 Dom t ome bt oo
-_ : —— 2 Injecuunl
j [N
_______ LR
Injector |
: ] | |
-180 -90 0 90
P TDC
Measure point Crank angle("CA)

Figure 8-8  Flow velocity

89 %, BTDC 30°CA 75 TDC F TOWVEHL LT EBELIVREEO WA 773, PREIERN 35 5
LEOHD, L0BRWELNDIEE L TND Z Enbnd. UED X 5 ITEFHRENZ XL - TREEN
KRR PHZE M, ERIROIEE KD RKAREDITERR S LD & &b, RN L > CThl &
2 SNDEEELAUT Ko THUEEIRIRF OBRBEIEES IFF T & 5.

N

—_—

Mean Turbulent Intensity(m/s)

Non-injection Injection

Figure 8-9  Mean turbulent intensity
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8.3.2. EHZEEROZE

WEFEIROMIEIZ L DIRAFROZEICONT, CFD iR & MR WL T2 2
72> 7-. CFD fitrds L OWEREFHIC VW == o P VBt 2 5% 8-1 19, CFD fi#hT (V7 b ;STAR
CD) & LT, BREHE no~T7'H o, BREHEE ; 50°C, MEFHRAS ; 20pm, (FEIT R ; 225, 4]
HIE ; 85kPa, W AIREE ; 80°C & L, BEMIIWEAE LTV,

X 8-10 1%, CFD ffric WV lEF N5 — 2 ZRd . EEOIEAIRIL 0,=56°, B=23°L L,
WSOV I E 4B T A L M, K T A L S ORERYI LOWILEE 225 % 5 2 L T
IR, 7 F b, PO 3FEICEME L CGHRAIT> T D, Zhug, "8k AL
oD B - HNEAZLEE D Z LIV ELNDEBEZRERICHG L T 5.

X1 8-11 12, CFD figtrib Sz nd. ACHBrE LA Bz r L, BEEWmILS U & i

oY, WEHHEHEIE BTDC60°CA, ZoREiiZ BTDC36°CA Th 5. HiikiEs: CliRASITEK
KOG E 725 TODN, REDEOEEEAFOIIIASAFEL TV D, 7T v A TITEkiR
DEIAT, I OREEEDN SO BEIRAIU Y. HH MRS C IR BE A i MBI R AR R AFEE L T
BY, RAEEHLIT Ty MERIGEWREIZ R > TV D.

Fuel pressure(Pr):12MPa

Spray Center Projected Even Center Recessed
Pattern

(%) (%)
40} 40
Distribution 20- 20
0 0 0

1 2 3 4 1 2 3 4 1 2 3 4
(m/s) (m/s) (m/s)
200 200

07723 4 071 2 3 4

Figure 8-10  Spray pattern
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Ne:1200r/min, Load:12%, Injection timing:BTDC60°CA, Fuel pressure(Ps):12MPa

Center - Center
projected ven recessed

# /

Bottom view
(Plug Gap)

Side view
(Bore Center)

(Piston position:BTDC36°CA)

Figure 8-11  Mixture formation

#8212, FRBMEHELTOT DU OWTEL Z I L ORT. = P U MEREI RS E
#5F (Ne; 1200r/min, g;12mm3/st) @ V7 Z58h, Kk BEEE S L OWE A RHERRERF (Ne; 3600r/min-
EAR) D RLT L A= ITONWTHBEIT- 7.

77y MeWEEE, BMERE L b BAFSRERE DTN D, B IERARE 30 B 2R R DI AR
EEE L CRKRRTEICIERL SN D 72 L HEE S D.

RIS, 7T v MaIERE & bR L CRIRICE - TV D, USRS D DI AUk AHL A
JRFTHNCIEBEIRRRIZ 72 0 T W o & B 2 B, RARFHENS D DITRBEENDIR GRS
Yj—Llpolzlzo tfEEIND.

VPRI RR Y, BRSO IR RFEN S D03, UL KRB DIRA RIRE N FE & 72 5 Y
AITNDBDHDHT2D EHEESIND.
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Table 8-2

Engine performance

+:Good -:Poor
Spray Pattern | center Center
- Even
'th Projected Recessed
(Torque Fluctuation) - + +
Stratified
(Miss Fire) - + .
(Torque) - + +
Homogeneous
(WOT)
(Smoke) - + +
8.4 FL&&

B o v MO LT RENE R D ) RVEEE, WEEERHE, RSP, T VLRI
W TEREBRTS K OB 24T O LU F s R A 157

(1) AV b ZAMZED T 7 o A7 L—IgEITEGIR B, RVIRIRE KO & v 9 A
T, FHa 7 FDOIREXKIERICEB L AR EZ b > TV 5.

(2) WEILFEITLO—oTh D B -HEDHEIE, T70bb, Wy 7RIS 2 RRIEFL (EFLI AR
OWEFLIEOWE (YT, WA EAS 0 MO TE I EE 45 A P — | T b > oME 4 (0) 35 L O 4
@) & TV ERICAE RN TRETH 5.

() 77 AT L —IT Ko TRERD R FHE DN ERIRIE S K0S AR S D
& & HIT, EHREHT L - THI & 2 SN D EENELIUC K - TRlEEiisRs ORRBEEEN HIFF C

2.
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(4) "EFHEN VAOIREE, WMESMHE—, DFEV 7T v b ERDFEITLD ) ZVHIRKEE 0%
E LT BAFRIREXRATTE, KitafH LRWEiia 7 MOELIZbDEE A5,

* () HEEEMEO THRAST, BB e |, Vol.33, No.4, 20024729 % —EB N4
L CHfisdk
SAE O T fi#%%%C, SAE/CEC paper 2000-01-1902 (2000) % Fi1gR L CintisH;
Reprinted with permission from SAE/CEC paper 2000-01-1902 (© 2000 CEC and SAE
International).

Further use or distribution is not permitted without permission from SAE.
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HENEM T Y U o D0 OBEBHIEERIL, DR D =— XRRBEEZ LIS LT, &b
© MPI (Multi Point Injection) ~Z%:4> ¥ , MPI (Multi Point Injection) 7*& DISI (Direct Injection
Spark Ignition) ~&ZEH 0 D>0dh 5. Ak, S HIT COPEHERIBIC T T-REULES, PR
2B ~OxHIE & SBIERED R EOMINL A X 5 725121, BEREAROR =R 721 TR, FEH
IRE RS D hnE) - IR OPREIE T B ORI L 72 5.

FRZ, HERT AHHI~ O3S TIE, MBEASTEMRREEIZE L TRy i EsABIRE S K OMERIEEE O
T VB &S AR HC ORISR D B L, AR HC OFAITK E < BT 2 HEBIRE R~
OFEREIOMIR (MPL WA — MIEERELE U o ZAHEBRELORI,, DISL + U v 25
BRI NEEL 725,

AWFETIE, MPL =2 & DIST =2 P AZEBN T, MRS ATEETH DRI O ¥ U hf
B L ONRHMGERRE OBREREEh A vTiL, ERbL, AFEWE ThHH = VN HC & RERZEEhD
BURIZOUWNT, FHZ, BRBIBERI~DIREHMTE & DBURIZOWTHEI L, BREHMES R CORRTEE 2
BEHL, PET A B & R LB BB Y U o DU DB RICEERT S 2 L & A
fBL7.

9.1. HEBEDFLD

FTH1IETE, BBFEATY ) o VU R BLBRE S ZORRO=— &R/, TV
VT ORISR RO BB OW TR, 2T, YU U, KIERKIZE D
HIER 2SR DOIRA SIRGE & = ol X DR Y 2T MG R R eI L - T
HER AT AN /S L C& 7.

L1k, SHITHEL L e DA EWE AR 5 72 0 OPER N ABIRe, HIERIRRE(LES (k0D 7= Ok
FHH (CO2 AR ~DOREARRD HALTIY, ML 2T AAEVALT 2 RIOPEL AT A % 1K
TOEMBAIRNEE CHD Z L ER LT

FRBEEPERTOPER AT AL, AR OBEREEE T ~DIREMS A& DD B T 575, T ORRE
BN RAET DML, BRROT DU 2 SRR Th 5. 2 DiRE) - BRI
TV NOIRE XRIEEGEFERS J OWRBERFE ) MEME CERIMERS N TH 5 2 L6, HERIEER
(A& T DB A SO TR RS & = o U U HC OBRIZ DI ST 2 L &0k
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N, ZOfiFAEARED BEY & ED THZE i#t &2 ~ LT,

W52 E T, AR 2 HEROAFZECHONT, BT DU b EN SRR HC 125
WT, TP UAREORGHRETCITER T 2 b0 &, RENESSR T O R R 3 5 0FEIC
DWTIRARS & & b, PRGBS AT ADBAEM 72 S COBBEENNZ L 2488 HC (K
WUZBET D AFFEIZ DN T H 50, T DHRHA AMEEEAT 2 VT, WO ¥ L EEh I
[ DU BPRE SN D ARE HC ITFER 12 <, HEROEWRBENREETH 5 2 L 2k~

EBIT, 2R (AF) 7 4 — KRy 7 VAT AOGREIC S 54, BRIGEIR O =2 U HEH HC
ORI xE LT, HEBIRER ~OBREHMTE 24T 2 Z E RN EETH D Z L AR Lc. T bR
DORREZAENT, BEBHERAS I L ORI OB A RE 2T DH 2 L0, ZOFEIMNBEE IR
HIRHRE DT 2 G E) - BEFIEFRIT d6 1T D BEBIRE I ~DIREHS & 2 £ 5 IREIZEE) & = o o U HE
HC OBHRIZOWT S, AFFEOMENE, EEMEIC OV OR L.

5 3 FCIE, AN— M (MPL Multi Point Injection) 7Y U 220 OBREREEHNC ST,
BT L P DFEBG A TE LT BEICHMETE S L), AT 0¥ OBuE TR
P CHRIRALARAT A 36 Z 7 o 72,

B T P ETEE VT, EAHREIOWER AR — NN E VU U A NTOREREE 2 BI5E Lz, £
7z, va U — LR L EEHRE ORFHREIC L BB 0B 2 B 2 eV, BilflFoxz v
WEE - BEHSBFROMEFIREI D~ 7 m B 2B 5N LTz,

FRZ, R — MEEE OB ER, 2V o ZRERI~OBREHT & OZENZ DWW TEMERTIEH
DISHBMNTL, T ORRERZE) & BRBESEE) & ORRICOW TR LTz, £z, WMERHMEOREIC O
THAMBULEATR, BREL OB LRFE O EI SV TH BT L.

%A TETIL, 3 EORERFENO AL T BT LT, WRAR— NSRS KON U v ZBERE A~
DIREM T Z BT REEEB & = o U U HC ORREFI NS T 5720, YA 7 VRICE RN
fRATASATRE R, JRECBE%E LIZiFZE 8= P GERE L A HEEfRRT V) OMEL
FHATFIEIZ DN TR,

Z OWFFEFEBRT ¥ & AW THAE) « B-EGRRE O A 7 VEOREREE A ERBL L, YA 7V
DFRIREPER B (Fro), WRA— MEEREI R, >V U X AEREIEF), RIEAEHE(Fo)
BLO P UHEHE HC OFEIZ OV TH BT L.

70, =PV P HC IR DM O5 8, BREWR D8 L OMEZRFE DSBS
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THBEL, 1) - RO ¥ Pk HC RO "TREME & e S Ic VW OR Lz,

MPI =22 > D86, WA — MEEFA~OREIEDR L <, 468 - BRFRRFEOMRERZES) 2 L 0 4
ML L, Z22pikt (A/F) OfEEZ B(LSE TV D 2 L 2B BT Le. 2O — MEERE:
DIEHOR & LT, BREtORk b & WARIRIINE S (W5 LV 7 BRI [ L TR D72
BOEPARTHY, TORRZHLINI LT

%5 T CIE, BEALR— MEHX MPD) 4V rxmr Y TOI Y Uk HC OHEHZEENIC
DOWORLTWA. 43T, IEFEBRT 0 % AW ThEE) - BBEGETE TOY A 7 L iE0RERE
FOERBITICOW TR, LT 7— A b7 A RVEIL COMPHERTH Y, FEEROHE
IZBIT DT D AZIRREN S DAZ —Z LD T X TR 2 REIZ I 2 L — R TE T
WAHRRTIE e o7z,

Z Z°C, FEHEBRRFOEGENEREA BRI I 2 b— h L, ZOBEMREIZESN 2 E BT
T HI LD B RS 2 W B LT, FOEBIEEOME A RS L L bIC, HFEdRT
VU TOERINHER L OFZEBIZONTH LN L.

D OFRHTHERD G, BREIOBRHEIZ K 0 2 U o FBEFE ~OFEREORIIC L 5 = o 8k
HIHC ORI & PREHEIR 0O 222885 DRI & 2 A/F OFlIrED R EDEIFRFCE 5 Z E 2B LML
7z.

%6 FHTIE, HPMESEC (DISE Direct Injection Spark Ignition) Y U v P OBKEREHE)
IZDNWT, 2 4 BT IR o P v A W CERIL L. #BEomsaENZ B¢, DISI
TV KRS ESHRE 2R 5 720, MPI =2 D0 Ll U C, U v HBER~DOBREMS 5
EAEML, = PR HC RIS 5. ZOMEICOWT, Wi OBERREh & il L T
WD L L HIZ, DISI = 2Bl 5 BRI ZMERBIEIZ DWW T BT Lz,

TP HC OERIE S LT, WEHREH O, REHE DR, WMBERIEORER JOW
RONVTHA I T OB OWNTERMITL, WINoOEAL 20~35% D=V HEH HC @
RN S D = L 2R LTz,

£, FABIEOHMAEDEICLY, MPI =0 % FE5 L~vox P i HC %R
TELZEEWBNNT L. RS, AIEEFRROIERE & LT F OB E 25, U 2 BERR A~
DIREMTE & 40% & K E IS, =2 DU HCIRBIC 5595 2 L 2L L=
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B 7 BT, FEE 3 X BB EEREEERICER Y ALA 7 MPI $5 KUY DIST HIBREHE ST 7 Ofk:
{LHEEFAMIZ DWW TR LTS, MPLABREIEHR TR ClE, 4 Fpm s Vi AkIc e b O MERFED Y
FL, ZORRO=—X, BEZITKIR U CRIFS, BH SAUTOREIER 7R O ZSBIZ DUV TRz,

KRS, 4 o DUBAORBEICOWTH ST L, REIOBRI L & EF D 5 ErE O N A B
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