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b—H'— ¥ — M IS & B EBMTEOMEID 2 RITAHBULDER R A Rd. B
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50

100 , |
APinj = 28 MPa 49 MPa 81 MPa
tinj = 3.9 ms 3.3 ms 2.7 ms

Distance from nozzle orifice mm

K2—1 W EEFELEE U2V d=0.16 mm, /A WEARHK @ L/dp=3)

AP =107.3 MPa

O

(S}

)

Injection rate g/s

Time ms

B2—-2 WERORKMEL
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£2-1 BROBESEROMEERLO N HOEREM

Surrounding conditions

Gas N2
Pressure : P Non evap. spray : 1.5 MPa
Evap. spray : 3.5 MPa
Temperature : T Non evap. spray : 293 K
Evap. spray : 650 K
Density : 0, 17.3 kg/m’

Injection conditions
O-solvent (n-CyoHo6:22%,

Fuel n-Cy3Hp5:54%,
H-C14H30: 22 %>
Nozzle orifice dia. : dg 0.16 mm
Nozzle length : L 0.48 mm
Inj. pressure : APy, 30, 52, 82, 100 MPa
(Re") (2.3, 2.9, 3.6, 3.5 x 10%

#2 -2 WEEMEAALDI D DRSS
Surrounding conditions
Gas ' N,
Temperature : T, Non evap. spray : 290 K
Evap. spray : 640 K
Density : 0 0.032,0.38,0.78,1.2,17,35 kg/m’
Injection conditions
0-solvent (n-Ci,Hy6:22%,

Fuel n-Cy3H25:54%,
H-C14H30: 22 %)
Nozzle orifice dia. : dg 0.20 mm
Nozzle length : L 0.80 mm
Inj. pressure : AP, 29, 55, 85, 130 MPa
17



120.2 mm, "EHESIZ26~127 MPa DEIPH TR I W, S BENRLIC R
TTRHELEFANDS D, FHKAHEREE3.2¢x107~35 kgm DFPHTEIL S .

2. 2. 2 ®EAFE H2-3IERIIAVCAEEREEORESZ, LU
HEAEBERBEDLEEORENAFERERT. FERBLIUAREZORMEER
DT, HIEE UTHOEE94.3 nm , HAKHS0.85, BDEERE25nsD IV E —
NIV V—Y (BEEGEE SLG 2018) ZHW, AFIVA AT THREXIT-T.
V=8V X EMEEIZ LD ERHSOmmOEITHERICE 1, HEE L@k,
BEEAAZIIZHREIND. BRESERREIAHT 7 4 IVLEHETL6MTH 5.

AREBEZEOSHELSRBEATEORZICE, HEELTI/IR) VISvVaT
V%, BMBENATIE NS LA AT (Dynafax model 350) EAW. 7T v ¥
27 v TD¥IE, BESMASEGNTH S ZBIEY oo BEEIZ L D BELX
N, WEEICAS TS, WHEN A FIIHREEE 350007/ BTHEHAL, o0&
13X OBEREHIT 3.0usTHD. WEMLELE, 74 VLA ETOI4METHS.

AEREBROSHEEZEEOREIIL, SREAAS &, HFEE U THOLHEE488.0
nm DT IVT VA F v U= EH300mw THW:.  BEEAN A FE 35000977
WTHER U, BRI, 74 /A ETOIETH 5.

EEHISSHELEEOREE 7 VA2, Bt xA/400F 102
(ASA400) ZMER L. BONTEEBBED T 4 VLBRELSEE bt OET A
Ty MA—%F (NAC VD-320B) 2L DHEL.

FEARE TR O BREID 2 RITAILD I D D|BENF R A 2 — 41577, 6
JEITIENGYAG L —% — (Quanta-Ray, DCR11) D% 2 5#E (FE : 532 nom) OV
— xR V=P —OWHAIE170 mi/pulse, PICEFRIZ10 ns LT THS. &~
— FEDOEIE14 mm, BXEF02 mmThb. — MERREEHRICREINICTY
LA O gt Ehn, BEFOEICH LY — MEA4S® 2T LI IBRELBES.
MR W R RO © OBELEIL Y — FOEAS TR Lo0® DFIIZERE X 1fCC
DAASICLOBETS. — Mok, BOIMS Y — FEFOE TOEEEN, 2= 4,
10, 19 mm DALEIZENFNAS L.

2. 3. RBHBRLETR

2. 3. 17 EHREBEOEY

(2 BEOEFHFESE N2 -5IC&8EHENCHBITAEEREREORNE
BEEARY. RmEESEIEOXLD15 mmh 545 mmETTH Y, MNPOmErl i,
BH AN S OERERL, FBHAFENICH T, BEHREHIEBHA0 mme 7S
LEFAEBAL. BEEGEHET S E, BHEAMENESITE, BRENEET
B4 EFELE LT WES DN D BHBICEI T, KEHETBELSIEELTH
5%, BHEDOEMICEDHLNIOBELSEBI LT Z&bbns. Fi,
BEEIIENEAOMImMcEbNENLTHE,

K2 —6IcIERREBORMEYTERBRO% T 1 WABERKETRT. HPDdld
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Injector  Nozzle

Liquid phase d016x1
Fuel vapor {/d=31
Bellows attachment W,
Le_ns § £ \
\[ T ‘/& .
B2, V.87
o g 17 07
7 g /
= OpF== 507 40 V40
Still camera !
Z{or /5
High speed camera

Glass window
Test chamber
Glass window

K2—-3 WBEOEEHELERBEVESTERPOIDDIFSR

-

Beam opper

/ CCD or Still
Cylirdrical camera
Prism lens

W24 RIS F b ORI LT
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107 MPa

29.8 MPa  APi

o

APj

5
5.
5

@ o~ &3 ~
Wil Z 0 }iIXe SJZZ0oU UJo4y &duDlsi(]

BEAR

B2—-6 IAREHFERDED 1IVLE
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BB HR100% DEFIZEIT B T 4 IV LBE TRIRTTALEAT - 1o IRIT T 4 IV LBET
H5B. WRITT 4 VARE, d;, 3, XELOTVEHREE Dp B EITBHTHE, N,
EEUMIICELTO LS LBRICH 5.

1-d, « D) x N, (2-1)

2 —6%R5&, BEHESNOMMIENEKIT T 4 b A EEOEOERA R
HENENRY, WEABRBICKE T SWRITT 4 W LBRBEARENKRE I >TH K
FRON5. ZORRKELUTIE, BHEEHOBEINICEEY, BEVE &SR AT

WX N A Z &, B LB LMEE X1, ﬂﬁ%ﬂﬁﬁ%@ﬁ%ﬁm\i&ﬂn LicZ
&:0)2 BEDNEIIEZLZ oS,

BH OO BBICESCREBELFEEETAMEEICLD, EHKRTHROBES
WX BY Y TEENE DL ZRELTEY, K2 - 7T0OBEEELEBTNHE. &
NaxH5HEEHETOEIMIE SRS T FEHRREZBP LTINS, &
DI ENG, EHESOBEINIED EWHENEBICB AR 4 VABREORKT
i, R EORENKECHEEL TS EBbNh 5.

(b) HEEA FEREBEOLPDEEEMNTILDHII, BREEEEE AL O
FAEZRDI. BEARBRT T 1 VLEBE] = 0.8DEEERAERENE & E%
U, CONERER/PZEECIVEROMUTE I EICEDER UL, F28O0n
510 mmE TOFETEDICHEEA, 6, EEO K D20 mmd 545 mmFE TOHEET
EDIEHA, 0,0 DOBFEMERDI. M2 - 8ICEHEAICHT 3R EER
ZART. INEHBE, OIS EREICH UEHENICEMLTEY, i, &
DHRELMEZRLTNS.

RICEFEA EK[UERBROLID B O EOBRIIONTELTAS. SHEEROZ
SEART, BELRO12 BT 20 2, BONS30 mmOME T, BENA
RRRHRED RO ILEZ OSSN EE 0, FHKEE 0, OHD12 FiZ (0,
g ¥ =11 THB0S, ZOEFL, EXRESHRERELUTEUTEETHA.
EHESHEEROILNDA O, 1d, [UAEREESLEELD4EETHE, Mkpd
Bk, VA IVRBICESTH3 THBHO .

ST, BHEAREFEANDENT 51200, £AHBOIS L) T3
NTHML, TOHE, KREISEEBEOLNDHICHESINHTNS. 202 &,
WD I CAEBEIICENTIE, BEOSZBIRI EOEREEE QMM NERO LA
DEESKET 5D, L0 FHICIT ISR, BEOSRMNES., BREHRTFE
HICZOEEETMHEICEZ 52804, SHOEFRIEEDEND IcH LT
RIS EEFRBELTNS. FLBHENIEEAICEL 5B I2O0TIE,
WATES DML, K2 -7 TRUAE I ICHALERES 5720, L0 kb
SRR FOSHE OEEITBRT DI LIS, FOE, L0 LiEL)SBEE
NERERIEICIE S EEZ 5N b,

Z DRRICEBEEES BN E OB & IO ERICESEERORE RS
CETBHE, EEEBOHEICEEHAENEZ N SWIMLUTHBEMIT3 282
TN ENTFEINS. ERDEKR—IV ) VAR NBRICHT B HED o80T
b, BEAHI B TOBREFIT RS,

22



APi =50 MPa

22 r 16 X
£ End of injection
3, - 1 1 1
i 18 12 0 | 5 3

a Time ms

16

14

12 i i i

20 40 60 80 100 120
Injection pressure APi MPa

2 -7 WEEEHEEBEEITHT B YT S PERE
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0O Bs:z= 0~10 mm

20
g L BOs2:z =20~45 mm
.g Ps=15 MPa A
Ts = 290 K

@
= A
2 A
Y st A
L[]
5 A
u .
g | A 9
b O
& O 9

EQWE i | | L ]

20 40 60 80 100 120

Injection pressure APi MPa

B2—-8 mWHENEHES
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© BHOFYH—E MBHROEHENAE—HELOEEMICHADIDIT, &E
HHES OFFARRBEBIIH L, BOL D35 mmd 545 mm, DDOMWKRTTT 4 VL
B, 9°0.8 LT OFBICENT, #RITT 1 VABREICHT 2HREESH (P.D.
F) R K2 - 9IKEDERERT. JhashkTOLEHEHORINC & b Bk
mEEDE—LEATNE Z ENRD SN S, BEFEHORMIC L D BREHEEDE
—(LOMEE S N B FEERITDONTIE, B LD, EhOREML 2 Sh 3,
CHOOREEZHONMIT BT, [ IR TFOEEDFRINETH S,

(@ BEHEINEODAEOBRHOMELI-RIZIES M2 —10Ic%gE
NEFEASEIGEOFAREBEOREE, K2 -1 1R UBHE B2 E
BT O S OWMHEDLESRERT. M2 -11%R5E, &2 TOWEICE
W AREDEEBIE, NIIE Ry MROKDEETHY, 7 4 VLRD BT EKD
KETBENFEBETEL L. ZOIENS, BHENH26 MPa UL LEOSFEE
FTIE, BOMLSHEORDWETH (z = 4 mm) BT, BEOHZINT O
fTLTED, BEAEOBBNREITITVEEE UTEET A &0 lEEXNS.
ZHIZEBL, Cavaliere 5® IZ X » THRBOERNHFE XN TINDS.

WA DE QT DB OBALIC B2 BB AR D120, SEHEOELE
EHENS, WEIE ST —OMENESMEE RS, B2~ 1 2108 EIcE T
BEFWHABEI YT — OBAHE, P FHEIDSOEBIIHL IOy M55,
ChERD EL2TOEMEICENT, EERE) S OBRE VT —DBRI TR
KA DOEML TS I 08005, BENERNOBEERN & DEHFELE ST
— DT PR ORE K S REIRROBETH D, TR Ok
RIS TRECHNB1DITIE, BEE SRR & R BT RIT 4 s 4
SELBTNTILSR. 20T, MEHEESR EEESEHNE CAERIC I 208
O SBORDISETH (z = 19 mm) ISHWNT, MERELEEE 1 KTEERE
ENOEHL, MEEMERICHAIT 35 A —4, o, A2FRH, Zhicwd s st
EHDOREEHF NI UTIRSA—4, a, OEHRARNE.

BEF I RTEBETNVEREL, BEEWMEICK ) 2B EBHR S GER S
HARDREHN 5, BOD SN BT B 2 BRI A O 110 F
DRUZ LD BT EMNTE B,

dy
2-z~tan(95 /2)

C,=\p, P, 22)

CCT, 0y 0n BEIEBBOBEL2ZOENET. 0 3EEA, EEORT
BB, V=P -~ b LOBRBHOBERIUTORTELS.

%p,Z{d? ~An,.} =C,-n-2"-tan*(8, /2)-¢,

22k &0
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P.D.F. of nondim. film density

FAPI=107MPa [APi=80.0 MPa

x1072
15 t =197 ms t =2.37 ms
/ - [APi=50.0 MPa
P t =3.06 ms
LW APi=298 MPa
10 / t =348 ms
' | z =35.0
~45.0mm
e
5l
= yﬁ 0.8
O '
0.0 0b Ps=1.5 MPa

Nondirn. film density

K2-—-9 74/VAREICHT 5HEREERIR
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M2—-12

14y

s
D

O

Power of scattered light : P AU
co

O

i *2]

D
Y "

Apinj
-o— 27 MPa
--—- 51 MPa
-O--- 81 MPa
-o---- 127 MPa

do = 0.2 mm
To = 300 K
Py =17 kg/m3

MR HE 7 0N R W RO & DBELEN T BRI R
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o {dan = 3\/—?-610 -t,-2-tan(8, /2) (2-3)
1

I, dy, IR, AnddRIBENd+ AdOFEEICH A MEHEHOH, o, IV —F—
V- FDEITHS.

—F = = W L OBRRIE D & DEELIE T — DR, P, & AS
JeD AN D D37 —%, I, BEHEHEOEEREENRIC L ST —E &IE
Uy Qe ETHERFUCLDEZINS.

P, =£.1 Q.. .Z{d?.Ani} (2-4)

aa(2@ﬁ#b§%EEW@ﬁﬂﬁﬁ@ﬁ7y$ﬁﬁ%Ih,i@ﬁ@&ok%
TIENTE 5.

D, ==t %)
32 Z{dfz'A"s}
:%.ﬂ'.do.tl.lo.gsm. p_g.w

Py P,

sca

(2-5)

A —EERETIL, dy tn LIR—EETHE0S, UFIREBEING/ S5 A —
Y, a, @EDcHFT 5.

&'Zotan(ﬁs /2)
pf , Psm

o =

(2-6)

B2 —1 3O 519 mm OAEIZE T 5 EREEPNREHERD, & OBELLE
B SRDINTA—F, a, FEHFEMHL oy TS5 M2 - TIIRT X
51, FEEREESKISHT BY Y ¥ PN IIEH E S OMMmIC AR ICED
TEM, H2-13%R3E, BELEHICHITA3BEEHOKRE JITEHES O
Mo UCEERS LR, ol &3, BHEEHOZEIE, BENOBREBHKHED
RS EEEITD I EEREL TS,

) BESEEAEIEEORHOMMLICRETEE K2-141C5H
SHEEAI2X102~35 kgy/m ODREATENAI TR ULBOEEOHEZEOREE LR
. BWEHEEHIL50 MPa TH 5. SHESKEENT.8X10% kg/m® LI TOHE, BEEHED
EDDIZ/NE ¢, BEBITEOEEHETEO—HISH L, BB FEEEIENHEE
BERELUTHAZ ENEEINS. FHIAEESHNT 5 &, BWHEAIEND,
PREHRL T EEAMEN 2 RFENUIEZBOER I AZNERT 5.

M2 —15 138 BRAEETOEUBHE) > ORIEFE L RT. OO OHE
OBODWME TR (z= 4 mm) OWEEZBET S &, FHIAFENKE(EMALLTH
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8 3
o
~
fo ]
g7
S
£
f‘:! 1_ do.: 0.2 mm
T =300 K
Pg = 17 kg/m3
Z =20 mm
O i 1 L ! -
0 25 50 75 100 125
APinj MPa

B2—-13 WHEEHIISA-F, a, KTRIFTHE
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5K%%b6fﬁﬁﬁﬁﬁmﬂymydﬁﬁi<MTD5.%K%@ﬁ%ﬁﬁxw
0 kg/mEEEFHIT TS, MBEROO I GEED SHRINE D #FT LT
3o &id, RO 1 IRGEHIRE & B Uk & DN FER AL ICRRT B &
23 DX ZVREBOIAPE » EF - 5 VIEEITHE LTINS Z EERE L
T, £ O THROME TIIFHKEEOEBFOMEIC KT THENY S MBI
%, FHKEREEZEINT 5 EEBEOILEMELEI NS Z L0400 5.
 m2-16i1iE, K215 0%ELEESD O & EHETE PO BEHE O RELE
)87 —DEF, P =K, BODSOBEEICHL oy PLUTWS., FHIEE
AW 5 EWELE ST —3HINT 5. K2~ 1 7I12@R-6) RN TEZEI N 5 BB
¥ S EHRRICHRTE NG A -, a, EFHKEECT L oy P
DERT. FRKIEREEINT S EREHEHERERIIAEXN S, FHEKEE AN
X5 EEMEENMET UHEBERBANS (B 108, HWilRLEOESE, SEHNME
EXNBIZDTHAI.

2. 3. 2 ZEREZOREY% .

(a) BHIBOFM 218 DEREZDORMEEEICEVWTHEHTN&ED
s, FARBHBOREINEFOERMBEREHENCLSHNWIETHSE. &
O EBESTEOHINTEDTEREENE U2 EE2EWT 5. F ol Aas
FeimEll KON RIENICIE, RICICERZT T UTOILNBRER O EENER X
e, UAA L NI EgEIhEh-T.

WICHEFEZOENFEREANL 1Y), SEETEOREATT-7c. M2—-19
IEHESMNAP= 27.7, 107 MPa OHEICEIIIERHEINEE (LB LEF
B (T =77, F9HRMEBOEEEALID, BERINAEEIZOWLTEHE S
5 &, WEFECENT, BHMERNIESHRICBITUERSETIho b EN
TERELUTIT BTN DON S,

CORBEHMEXDOKMEH = TEIMIT L7200, SEEHEGOMWIRITT 4 IV LE
ESHO OWHEBEIEZEH L. THLBMEIN-KEREGIZE T, UE
FOE EOMRITT T 4 WABEEAZEL, Z0AHEEATRNMERE L SME
ARSI & E R UM E X A5k, K2 -2 01l boFEic Lok
TLIRAEER B X ORI DF AR T '

RIZE QWA ERE T T — 50 S, BWHLTFEES, KHSE I OBEEFHO
QI EA KD, £, BWRLEORANESEEEA B0, RHESESOE
RZEAICHT U7 — U ZEHREFT, FO/8T =27 M LDs50% = ThaiE Y
Fos% Rt B2 — 2 1iIZ bl 3 O EA B F M URe. & b igHasy
FEHEXE, BHENCESTHIE mmTEIF—-ETHEOICH L, “OEHIZ>
W, BAEAORMCE,, KOERAERBSEELLIICEY, FOBRERE
DUTh2. S OBBRER, BAREE D STROH UTH M TBEO BT D R
T=CKHET 2. 12150, SO —VBEROEBAESTIH, Bk &Sk &
DEMGEES R — IV L D HEIZPE D, BBEHIVNS T PR TFRERBI/M X )
@T,@2—21K%T&ﬁK%ﬁEﬁﬁ%h&fﬁ@U@z#—w@mé<m%.
U->T, BERT — VOBHESCK T 2 EPEIEIS OV TIH L SHT .
LOLANIO Ry — LDk & S EEBEERA—FTHY, ORI —FDZ
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Ay

2, 012 kg/m

120" 0217 kg/m? .
4 | o35 kg/m? EIE
iob do =02 mm.
5 | % =300K .
it 8,. P
8 g
% 6 ll/ ’/
U 11
U 7
3 A A
5 4f o
g Qﬁ:l\%}ﬂ—’——"’”_é
32

% 5 1015 20

z mm

K2-16 ZFHKEZOEREEEARED S OBELEN T-ICIT 8

-2

. %10
= °5r
<
R
¥
< 3t
~
£ 2
g do =02 mm
8- APr = 51 MPa
E 1_ Tg =3OOK
:g Z =20 mm
N
O 1 1 1 4
0 10 20 30 40
Pq kg/m?

K2-17 ZHEHI[IFBENISA—F, a, CRITTHE
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AP =106 MPa

mm
B~
o

B
O

O o

AP 460 MPG, |
/&AP 279 MPG |

0
/ Ps = 3.5 MPa
Ts =662 K

S A A
Time ms

C)

Liquid phase length

B2—-20 HAHERSDORRZEL
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= VEROWRNBEBFCEET S L0 o, BHBARMAITICE T 5 EE&E
I SARETRAEEIE <, RRMORBIEIIRE—iE, S ORRE T RICIZEC
BREN TS EEZ SN S,

%% & SO UEIC OV T, KIWubIiZEBLDV & o RN FO
HERE LT, z/dy 2 300 OFEBISONTIRMEENK O IO &R
nfg\é. UL, &0 FERBICONTIZARIBTH B, - T, VDO E R
ARILL, WHFRGHFH EKEEROBASEE EOMUMER~NS I, LoED
FEEORFORERICET A ERERD Z EQNETH .

b)) BHEAZOFRY—-4 RIUBHEKOEHLIEETS. K2-19TFTEO
HERAEHDE, BEAILERELSEUTELHIA T Eavbhg. et
FEADOHEIIDOTE, EEHEIOBEEICH~N, SENEHOEETIE, L0
DNRT —IVDERELSPEMU TS S Ebh b, KSOMMBIIES Xy — b
i, BRTOBPN FONBEEEMAFICEEREINS EEZ o0, BEEHD
BN & 5 WHENEH TORBOMBALEHED, EEABROBEBESZDO L /X
WA —IVDREEHE LI ETHEINS.

2. 4. F&EH

HERFL LUERAEREOE R ARE L, BonliEOBER - @iric
&0, LTOk#mER:.

1. AREBFEOEEBICEET AR OESIIERIE LR Ry — LT
REPLTHY, TOFEERIFEHENCLSTIIT—-ETHSE. O &L,
RRESBESTORBELIRE—1E, ERETHIEIIEEIATHSE S &
T '

2. FRAEFOBRBAL, WHENIBIE, ThLTHRIZDWEBERS D,
SAEERDILD O A3 . BHEEAOBIME, &0 Lk S OWED B
A SARMERIE S 5B 5 8.

3. WHESIOHMIL, MEOMBLARET 2 &R, BRAERIZE TS 8%
FHRES RS —L L, BERBRICEIT 2 BEEEOMENRA L EET 3.

4. BODSHEORD0METRICENT, BEOSBIINTDEITLTE D, Bk
H B UNTHROBREHT = ORI IZEE LIS 0.

5. FHKEEOHMIEONSBOROSUET RN & BROI A (RHET 2.

- FHEKIERDB2X10%kgym’ EVHEBERBALST T, BOD S EEEEIT
BOTRBOMALIZONE DEITLUTINEG. SO &I, BED 1 RSZLDBE
CRARAE QRS FENIHEAERICERTZ L0 RE LA XIUNOBHENOE
NPF ¢ EF—Y g UREICHELTNE S AR LTI,

B4y

(1) BIZ T, Reitz,R.D.,M114,SAE paper,NO.790494
(2) B Mh24%, B BEER,53-487,B(WE62),1117.
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(3) /B Ath24%, B #5R,48-426,B(HH57),389.

(4) M ftho4, B, 54-499,B(H163),741.

(5) Beer,J.M., {145, (HIH3R), BREED LRI, P14, BAEB T FILF —E i i#h4=,1976.
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E£3E BREFHNOBRHBIBESTO 2 X8t
3. 1. FAMNE

JEEHBHRBED & 5 S A —RBEOHELARAT A DITIEEEN~AEA XA
F R EBRARLROURRNRE BT 2 EHABETH Y O, ChrERIITE
i, ARRBORMEASBESGER O EMSMBETNET 22 EAEE L
z o5,
Kﬁ%ﬁbhf%t%ﬂ%ﬁ%ﬁﬁ%@%iwm,91U~v>EE&“>,v~
F—THED BEOHENSS. LhLINoDHETERON L ESEES 6L
BBNB EOTFHRESTTH S, T HEEEC D KX3RFNE O
AHLNTNED, JHETHLDAUEINIBELOERSFHEILT VY% Tl
FEETHS. Ball, V=Y —v—MEERMEER T 0 F Ly 7 2%
FEE G TP LR DEEMEORIBED 2 RTFHNRL SN TINS. LML,
ChoDHENETRENBEDNMB LI D, A A=V VT oY T 74 THESH
BHEREDLEICIELE, A A~V VF YT 74T OLEBMREEN LB &
WEREMIREELTEITFONA.

TITEETRE, V—F—V—MEEDY 20 A V%R Tz B R E 37
HBEPMRBIEARD 2 WOt EILEARE L, AFERHOTUTO S E5FF - T
5. :
(1) COFHEEANTHEREEFORELTN, FERBEORE DB L LET 2.
Q) FFEEFESE, RREEBORBESBED 2RTEZNEETS.

@) FREOBEMETHRELAEN L, SEEY A T2 X D KSR A B S B

DOEF)ZRETRE T 5.

S. 2. DUD VA A IHTEEEZICL BBMERSOTEL

3. 2. 1 LYIUAALMFREE VY I UA A UK TFEEETIE, It
BEREL (0008771 n-CipHag: 22 %, 1-CysHys: 54 %, n-Ci4Hso: 22.4 %) IJHEKT
1%@yuzyf4wéﬁﬁbtﬁéﬁﬂ%ﬁ%?5.:@@%%ﬂ%%ﬁ&%%
ENOEE (T, = 640 K) , BE (P, = 2.9 MPa) OBREBESICES 43 &
3@LUMOmn&LTﬁ®ﬁ@Td,ﬁ%ﬁﬁf%%%ﬁ%ﬂdéfﬁ%b,VU
TTANDENWHRTE UTERETS. COBRBESTITEETIEE LY 0
waﬁﬁ%ﬁﬁ%®%ﬁ%®ﬁ%ﬁﬁ%?%ﬁ6@,;h%FVM#—&LTﬁ
SBEETHALTE BTN S 2.
33—1ummﬁm,%%KﬁwtyU3yﬁ4W(mwa%ﬁW%v>&ﬁ%
BEIDHIET (Tg=300 K) DR, W, EERNERET (Tg=640 K) DO
g%ﬁﬁ%%h%ﬂ%T,ﬁ%ﬂﬂ@%ﬁ,%ﬁ,iﬁ%ﬂ@%@%ﬂ@%ﬁ@&

TELL.

3. 2. 2 BEATRLIERES ARBEBPICRET S0 a3 A1
ﬁ?ﬁﬁ,H3~1K%?%KMH%GUmW—(mRJMVHWNWNyﬁEM:
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F3—1 FEEBE, VYaudA)l, REBEOYHEM

Base fuel | Silicone oil |Fuel mixture

Density at 290 K [kg/m’] 762, 961 764
Viscosity at 290 K [kg/ms] 1.24 x 10° | 4.47 x 10%| 1.24 x 107
Surface tension at 290 K [dyne/cm] 26.5 20.7 26.8

Vapor pressure at 640 K [Pa] 8.89 x 10° | 1.07 x 10°

Half mirror

~_ Nd:YAG laser  Cylindrical
~o lenses

T Band pass
Prism  ccp or Still  filter
camera

M3—-1 JYarsdAINFEEDEEOBEIER
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s32 om) DY — PRERE L. V—F =2 — MO 440 mm , EXZREE
€0.11~0.19 mm TH5. V—H—I— FMUITRBEEDFICRE LIoN—T7 35—
kD 2O 12DV =Y =Y — MIZDEERT ) - IZEHT S, X7
) — 0o DBELLIIRGEE (C2741-07, WARKI2IR) KL DBEL, L—H——
FOBEFEDIRIF—BESHENE L. ZOF—FEV—HF—-Diay
FMEDIZRNVF—-DIESDEDHIE, BLU V=Y —2— O RIVF—REDZ
AR ORMIEICAW. b5 —HD Y — PRERBENICREINILTY XLEH
LT BHAD550~90 mm DFEBICHEFZT OMESL LI ICAL Lz, vy avt
A IVRLFRED 6 DEELIE, ¥ — MEAS IS L0 DHEN S ZF IV A
5 (FE2, =17) 73 CCDA A S (TI-22AI NEC;378x485 pixels, S/N=50 dB) I
FO|MREUIC T 4 JVLITIERIN 740077 VAL (ASA400,8 L7408 % Fu 7z,
FEBITIE, F7200 mm, X MBE—2560 mm, FEHH14.7T IS TOBREERL
PEE 196 mm, BES 40 mm O/X U —FRITH D5 ABEGEEHEES £ H7.
PREHESNTE, SRR T A 5 R R R S M SO £ .
# 3 — 2 IR R E RS EERT. VISR Ao £90.15 mm&
02 mm, L/d0= 4 OBITR—L ) Z)VEMHE UK. BHES Pinj (329 - 140 MPa
OHHTE LS. FHIASHMICEEREZHEAL, FHIEE oo IIFEEARER
EEREHZOEBRTELILL. K3 -2 TRICAFHEICLDVBON-EREEN
BEERRBEE O HMLEGRER T, LBIIRERBRHOEEHEEEETH 5,

3. 2. 3 PUIVHASNHFREEOEE VU aUF A IUBRFENS
DEELIETREE 1 sca I ZHEURE Qsca BT LY/ DRERRE SN FEEEND
BICHAT 5. BELGBIIRNZOEETHY, B3 — 3iIiMie DEELIRICLD 5
BUINDOAHFEIZH L0 OFMICKE T 2 HEBEORBE S A—Fa (=
e d/ ) T IEAERT. EBELEEEICHATAHE QscaX a? b
RTT oy PUlc. YT VA A VOBITRIZLG & Uiz BRITOBERF DY
WEE20 pmEET S &, BRBBNATERULBROBE VY 0 VA1 URT
DWGREEIE42 pm EB. #oT, VU3 VF A IR/ S5 A — 4T
Oca<74DFHICHFET B EELO6NS. M3 -3%R5&, Qscax ald a >30
TadD17 THHT ZENGND. VU 30t A VSR T OB S N2 DAL
EOMHMEASOEERRICHAL TV EE S, MEESEELMS DI, ¥
VaAUAAINENFOERREE (<a® xN) 2HETHIZEL. ULHALKS — 3
WKRENB KD ICHEEE R o XNIZHMATZOT, VY ariAITFEO
HEED—TID R O BELRE S LR S SR IC B LIS S S 107 2.

) 3 LT A VR T O OBELR RS DB R IR & EIEER i )
NB1HIT, UTFORENLTHILINBBERDS. (1) 2 T2d 1 LOK
B0, BRCBRICEEERIZM. Q) ISR B CRAE R 4
THRREL, BEMHTEYY VA LOADE—FAZTHE.  3) ¥ It
TIVBRL FIRESHOEIGERNICEBNT 3. @) VU 3 VA A IV T ORIRIT
?mﬁ@%vﬁ~?£5. (5) YV AV AR TRIZ L 2 2 BHFALNER T

B/hXu.
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£3-2 EBEH

Surrounding conditions

Gas N,
Pressure : P Non evap. spray : 1.5 MPa
Evap. spray : 3.5 MPa
Temperature : T, Non evap. spray : 290 K
Evap._spray : 640 K
Density : 0, 17 ke’
Injection conditions
0-solvent (n-CroHps:22%,
Fuel 1-C13Hye:54%,
ﬁ“C14H302 22 %)
Nozzle orifice dia. : dg 0.15, 0.20 mm
Nozzle length/dy : L/dy 4
27 - 140 MPa

A Pinj

Inj. pressure :
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AP = 26 MPa AP = 126 MPa

Liguid phase

Vapor phase _

t=31ms t=13 ms

do = 0.2 mm, T,=0640K, po= 17 kg/m’

K3—2 2U3vAAURFEEIEHEICE AL
AR R N OB ESBES (F) &
RERBAMLOEEHITE (1)
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Distance from nozzle orifice



Scattering efficiency : Q,., , Q... X o

105,

1@4— 8 = gOo

10°
102
10

RN

m = 14 + Oi

Y
S B
N L

o
Q

€3
-

0 10?2

10°

Particle size parameter : o

{

[ {
1 5 10
Particle diameter

B3 -3 H&BIZHT SHEZIRBOZEAL

47

50100
‘u,m



Q) IZDWT VY T U A VBB U O3, R Is RIT T
WHEEFANDL12DIT, EBEEFEEWD ZRWT, AEBREE Y aVvA 1 IL%EL 9
B0 %LU 2 EHEOBABREHI DWTIHEEREROESED O BHRAEITS
THY TS FERERRE L. K3 — 41X ERT. MELFT, BOKRd,
=0.15 mm, AFESHEMI=12 mg, FRKHEE 0g=10 kyn®, FHKEETg= 2
90 KT» Y, Dip WEEHETNS1 msBIZE T ABBELEROY Y 7R, A
Pinj RS ENEFHRENEDEREAZFNEFNET. NERLE, YYaLAtAa
WEHBRTIO 2 THERUTOEBREOY Y ¥ FERRIE, RS2
BICHENEFEAERMLLUILNERSNS.

M) ITDONTIE, EEBE (05N /N) OAEMES UIBES SIRABRE (1)
WEAN10 %) ZWESETUICEEOBBICH L, F USRI THRERTD, Bohiz2
DO G EEBEUTHRIT Uz, K3 — 512 2 BEOMENC L AEREZEDOBONS
50~90 mm DFFEEIZHT S 2 RoTliEE G Z R, ZWUDIEEMED A2 EH L7z
BeoMfAE RS E, WOMS50 mm &) FHROFER TIREELEI BB XNT, #
> THHHNEELUZVERGNS. —F, BEBREEES U Ba0a Mo mEE
%ﬁ%&,ﬁm¢®ﬁﬁﬁﬁ%ﬁ06@&ﬁ%ﬁuo%©&ﬁ%&%é.:@%%
KON 550 mm LD FROMRTIZAERBHIEREZTL, BYEERTVY
AVAANDHETEREINTNWE EEZ ONS.

FAEQ) IXDWTIR, EEEBSICE T 3 B—hFOEB XA BT U/ Hielm-
felt &Mockros DHEPEFNT V) I VA A VR FOELFEE) 254 2 B8Rt
Rl L7, FHETE, YU IV AV FORNBER42 um SRE LR, HE
DR, 2 kHz OFEFEENCH T B M FEEOLKHFE I T 21815 H130.92TH
D, WEOHEEMMEZEIL-031 rad. TH o7z, o THEL2 um OVY I VA A I
PR FI32 kHz F TOEHEERIERET S &> T L.

FED),(5) IK2WTUE, BEWEO VY 2 A A IV T 6 O %I E S &%
JEE B D R ATV, MEGOMMBEEFENLETICkD VU 3 A 1 IV FRE
R AR RIS EE U7z '

3. 2. 4 LYDUHALHFHEEEEFEDOLE  BRENTIE, R
BEOFIAIEY) 298 %, YUAUFAI: 1 % BRUTFIAFVIZV/F T (TMP
D) : 1 %DEEBEEHAV. CORSBELER, SESESESTICHEL,
ARAEEHZETIINGYAGY — P —DE 3 ER/E (HE: 355 nmm) DY — MEAEAS TS
&, BEESTICEENSTMPDD 6 12iEE398 mmlc B AMEAE T 2 8E05%E o
1, Y3 A AIVEELITED SI3EESS mOBHREENRESNS.  Mel-
on 50 [TMEERDHEE X 0T H A 1T I TMPD O B Y618 B 43 7 B
SBESMTITIEATEELTNS, BESFRERS - 1ITR LD E3IT
RUTHY, SLEGEHEENERDSEIZIZCCDAASOIMICRBEINIS T
WY Ko EOEER D 2355 nm (BELEAED . 398 nm (H0EA) OF#7 4L
FeMunte. B3 - 6ICTMPDOE BRI EGH U 2KOTE T 4 VY ORE
HRFFHEERT.

B3 - TITHESZREDYA Pinj =28 MPaDB&DFNGER (k) &EL g
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Mass fraction of

20, Silicone oil
o A 0%
= ® O 1%
= i8} '8 ® 10%
#*
S do = 0.15 mm
-+ 16} SA Mi = 12 mg
L g pg = 10 kg/m?
Ty = 290 K
g 14| g g &
[
£ ié
@ i
g v Y
o 8
LN
10t
OT i 1 J
0 50 100 150

Injection pres. : aP,,;  MPa

X3 —4 EEMWEEEEBEORNAREED i

CsHas : 100 /s CiHzs: 90 °f
Siigil: 10 %%

APinj=81 MPa, To=640 K, Pg =17 kg/m® 90

|
=]
o

Distance from nozzle orifice mm

IS —5 LA () LRAME O 2L ia OBELE ED Hi

49



100 ; 10
< 80 (sscsaétg:‘n)g{:_ Fluorescence (TMPD) lo.8
~
9 |
2 s0F : 10.6
g :
.g 40+t l: Filter for fluorescence 10.4
§ F"llte;rt for |
= |scattering i
20 <-—_‘\<| 0.2
O ” i _ 1 O
300 400 500 600

Wavelength nm

Fluorescence intensity (relative)

K3—6 TMPDOEIEARY MIVENET £ IV 5 OFEEE

APy = 28 MPa, t = 3.1 ms

Fluorescence Scattered light
Intensity(A.U.) Intensity(A.U.)

Correlation coefficient : 0.94

do = 0.2 mm, Pg = 2.9 MPa, T, = 590 K

—50
—60
—70

—100

Distance from nozzle orifice mm

B3 -7 UWEHTESSOIREG () LEEDLES 6)
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RS [ SRR ORBEOEEET. FRESTELET5ES ) oot
IR0 & OBEEEIR ETMPDD & DENERIE, MEAHOBHR, kx <. &
A TR EDNEE B LTINS,

BELHEES G & SR AT DXSIEE E RT3 725, HEANOH
UALEC 351 5 SORSRIE & MELEIIE S © N engthl, Ml & b 2taere o 2w
HIEOMBREIEB LI H3 ~ 8IZR 3 — 7 OUIHIEN & I 51
OHMMERT. SO, SRR ERSEOTEIE (1) & mmato

BEERE (J(1-1)) THRRUTK D ERIE L.

(-1

@¢,Rﬁﬁ%%ﬁ%ﬁbfb%.it,iS~3uﬁ%@%Eﬁﬁ%T%§%e
ﬁﬁ%@%ﬁ@ﬁ%%ﬁ%%bt.ﬁ¢t@ﬁ%ﬁﬂ,Ndumﬁfmyﬁ%%m
%hif.:né@%%$b%%Eﬁﬁm~wLWh@Ehﬁ@?vuayﬁ4w
%ﬁ%#6®ﬁﬁ%ﬁﬁ%ﬁ&%ﬁ%ﬁ*@ﬂﬂm#6@%%@&%@@%Kﬁﬁ%
%ﬁfﬂ%&i@ﬁmﬁ%ﬁ%%%ﬁﬁ#at.m%%ﬁﬁluméahzmﬁﬁ&
LT Y I a4 Uk F-DvE S 4 OELIEEENZ 4585 LT VILUVEE, m[EAE
ﬁﬁﬁ@vu:yﬁ%»%ﬁ%@ﬁ@ﬁﬁﬁﬁ~f&b$ﬁ%é6&%.

ﬁﬂﬁﬁ&@%ﬁd,ﬁM%T@%%ﬁ%ﬂ%ﬁ%ﬁﬁﬁ%ﬁ@ﬁﬁ%%?wi
T%é$,%%ﬁ@ﬁﬁ&&ﬁ@%@ﬁméb$,%%ﬁ¢m@ﬁﬁ&§méﬁﬁ
ELUTHRWELETH B,

=

G-

3. 3. RAEBLIIERREEOEEDILE

K%T@,Vijf4wﬁ¥ﬁﬁ%%ﬁhf,%%%%@%%%%N%&&é
K,ﬁ%ﬂ%@?@#ﬁ%%@@%ﬁ“mﬁ&@%&%ﬁofhé.
@3~9K%D@6ﬁ~mhm@ﬁﬁuﬁﬁéﬁ%%%<T&)&#i%%%
(t&)@%ﬁﬁﬁ%ﬁﬁ%%ﬁ.ﬁ%ﬁ%@,ﬁﬁﬁﬁﬁmﬁwfwﬂﬁﬁﬁﬁ
12 mg E7EABHTH 5.
#K%@%@@@%@%?%&%§§@@m§%@éﬁf%©,%ﬂﬁ%ﬁﬁ%
ﬁm%icrgﬁﬁﬁ%ﬁbrwé.~ﬁ,%%%%@%QMQ%§@@#§%%
%&%ﬁ@%ﬁ%@&m%%m%%h,#ﬁ%@%@%ﬁmﬁgéhtmﬁmmﬁ
m%ﬁ%ﬁmﬂ<,ﬁﬁ%@%ﬁ%@%ﬁ~u;@k%ax#—w?¢UTma.
@3~1o,@3~11uﬁ%én&%%%@%ﬁivﬁ%@§®%ﬁﬁﬁ%@
&i@*&t%%#&%tf@ﬁﬁ%ﬁ&ﬁﬁ%ﬁ?.%ﬁ&ﬁaAPm=ﬁNWa
T%O,ﬁ%@?@?~&%3ﬁfﬁ%bt,ﬁﬁ%ﬁ&um%@vﬁ&%%uf
%%,m%%kﬁﬁék,@%%%%Kszﬁﬁ%%%@%éumﬁﬁ%ﬁﬁﬁ
%<mofh5®mﬁb,%%%%fmﬁﬁﬁﬁ%ﬁﬁﬁﬁ<mofhé.ité
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AHnj = 28 MPa
T4 = 590 K
Pg = 17 kg/m?

R=-094

B3 —8 MEIEREST & SRS DTN

#3 -3 BELEMEE &SRR OFE RS

APinj [MP&] t [ms] Ny R
27 3.1 5 0.92
52 2.1 4 0.93
82 1.6 S 0.92
131 13 | 4 0.94
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EINCARBEB O BHELLSBEOEHPE M TEHDO Xy —ILHRKE. 2Dk
D T IRFEFEE TS W T N D BRRPRL T3 D © D BELIEIREE D 4317 13 ZE FE WS W T P O 4
PEASBESGERERTIENGNSE.  ZOERD 1 -SEUTIHEEFRERERN
DOBENL TR EAREZNDO VY O A1 IV FROTERBDFE N DEL SN 3B,
Chung S"NISKAHF OR FREOIEABENZ b —7 28 GRAISHT AR DR
i TR DR R & — L) Wi KR XN A EABBREIC X B HEERIC LY
ALTNS. X =7 ZEDNENE ERFROILFREIZ SR O BUREITIE ¢
5. MEFENONFRIIOVWTRA =7 ZBEREL S &, FEEFBRANOBE
RAFBEDR b—7 ZAHEEAEEENO V) VA A IIVKRFBED X b — 7 2B D 4
O0fFTHY, JOEVPERBELHEFTREBOEEDENEELIBLESD L
EIN5.

3. 4. YUALHANHMTHEARZI I IEREEANRHESTRED2RTES
Al

3. 2. AHIZHBY BELEEORIREHNICE YD, VY I VAL BN TFI SO
BEDERES G IR ASIBRES T EEMUMICR LTS Z EMRE N, KT
&, COFEEZRERSYE, AREHZOBHASBESAO 2 RTEENE A% 5.

3. 4. 1 HBHBIBREOREL JHIEEREIRKS-1&RA—THD,
AL E 10 560-100 mm DR TH B, 2 U 2 o IV FH35%58 U -
EREBHENITAHF Lic V=P =V =P EIZCCDAASD L B 24D DRIER
IMEREAVEER S, ) 3 VA A IR RO NFERE I PH40E0ES, oW
IMEBEAVHRD LY 3 A A IV FEED S OBEEZ R IVF—~, AB., , (IMie®
BELtERmIC L O RAD LI IcEIN S,

AEsca = ]G X % X D?Z,si X Qsca,si X st x AV (3_2)

ZIT, Iy B—Y—— MEOBAMEEY D DR IVF—, Dy, dya

A A IWRLF DN 7 5FEREE, Qsca,si, (Y 37 A IR TEED D AL
HTxt L90” HHROEERIE, N, E Y avt Vs FROBEETH 5.
AVFO VY 3 VA A IVBHFEN SOBEEECCD A A S THE LEShic A,
AEccps EAELICHBIT S, FXJ)—v it EIhiL—YF—2— F%E
JBGEE Tl LIS oh/clfl, ABjcen, 1, I IKHBITA. #-T, CCDH
AT EDBEINHENEREOH %, BEEICLIVBEINL Y — MERE
SEBRDHITTE - 7o, lep, RHEBAEH e EZRAONTERRICEDEL 503,

AE —
Toop = @ x —5L = 7 D322'St. X Qo XAV X N, (3-3)

0,CCD

K=o/ AVERFETDHE VY AUFAIIVENTFRHOBEE, N, BRATES
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hb.
4-xIoep

2
7 D32,si ’ Qsca,si

N, =

5t

(3-4)

g 3R HE, HFROBEIERET 5 RBEHTH D, R THENIRELRIC &
pEbic. BFEEKRE, C. &) I A AR TROMERE, N, ORI
PTIRTBERNS 5.

X,

R

0-X.
Cf :%XDssz.st X Py X(L ﬂj XN (3-5)

SIT pe BYYUIVAALIOEE, X ZESBRETOVY 2Lt ILOEER
6 TH5H. NEB-HERATLEBEESTEEIUTOL I cEXETHNRERS,

K-Teep Dyyg Py L0-X,

C,'—-%x 5 x( a ) (3-6)

LYY I UA A NEHFORBENEZL 5N 3700, HB-6)ICk D RBIESEE
ZCCDAASOHNMELI D EBENAT DI E0HEL. 22 TUTORES FAWT
YA AN FOFENELRDI:. 1) BEEEIE S 1EOVY O
SEANVERFRERESNG.  2) SIS REORBEROY Y & FHRIE, [
EHEL T OEAREBELERICHT I Y FEHE 2L, ThodRE
KO Y A UFAINKTFOVT FFEE, Dy BERATHEIONS.

v3
o, X,
Dy, = {Z(LO““ Xﬂ)} X Dy, yi (3-7)

CIT, pp RESBRHEOBETHS. EERBEROLEITHTEP Y & EHEE,
Dyong, WEEENBREFEIC L SMUETHEONIUTOERAD 2k E2 5.

025
Dy, vy =47 xdy x Re ™% (gij (3-8)
f

ST, do WO o, FABKKOBE, Re, EHEOICEIT3EHEHED L
1/ NVZEEChENRUTING.  £3 —4 ICHEHE/MA Pigj= 54, 140 MPa
0)%%@; D32,NE; D32,3i; #SZ?:E/Q'B)‘ “9—- Q=7 XDgg,si/A s *SJ:U&&L“ ° Hﬂ'ﬁ@
RIS 2T UMieSEEERIC X DEH Uk ) 3 vt A VMR T 090° J

FOBHMNE, ., AR, UHHENEONETE, BIER S L TEROR
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#®3—4

HREERD ) 2 v A VAR FRED BT Sh %R

APy [MPa] | Dyye [#m] | Dug [£m] | @ @mm
54 18 3.6 2116.63 x 10°
140 13 2.6 1517.33 x 10°

KA 0 6 = 038° , ASEHE: 1 = 533 mm

a7




g FINTOLFROBHEA 0 =038 MLV, ChoDOFHNE, HERIERE N
@@,ﬁ@m,ﬁa&%mmfﬁﬂﬁﬁﬁﬁmiﬁm%ﬁét. |

3. 4. 2 ASAE—XBREIZLIBRERR KQGOTOEEEH 2R
2 H1cHI, WEERLTHIEE L CA—OREREMNT, MK, HEEMH
DA T A = XBEBROBENHEGE®EL, CCDAASTOHA, Ieep &H#E
HMEEEEOMBEME L. FIRE—-XWERITST S 2E—X (MB15>,M
B15-18,UB24M; 1°4V) %1% ) —VITRERV FICLDIEERT 5 2 & TR LK.
COBH T RE-XDXLY ) =)Vl MM ERRIE, V) ardAIInEgs
G A ETRICE LY. HEBROEFICHEHE10mm x 10 mm DIELE, &
XH40 mm®D 4 HEBMAZTIIVEER LEHE Lic. AReELVDO1IHEID L —
Y-y MEEAS L, BIVHERNS N T ZE— X o OEELEEAST AT
L90° DHMED CCDAASTHEE L., HIAE—ZITITFEHRNENLS 3
BEOLOERAN . E3-12, H3-13ICHWHSAE—-XDRESH
FERNTSLELUTHRYT. HEI-S5RXINOOHNBRIEISRDIBEHTRE
—ADYFT GHEE, Dny BENTA—F a =71 XDy EBEZE, Q,,, %
Ry HIAE—-XBEROBEE, N, B IAE—-XDRARBEEZDLZET
X7 |

B3 —141IlH7 A~ ABEBROHENEREDFERT. HIAE—-XDYry
FHERNEED Dy, =96 um, HEEIEN, =18 x 10" m® OFEERLL.
DEZBTRONBIEEEHMEIL, BWEO VY I 4 4 IVEILEE G T TEARDOEEL
HIEEIIZITFE L. K3-141KECCDAASOHENE L —F—— Mk

EAHTHIEU/ME, loco = ABeeo/ABocen » % X HMICMB UFE UK, Iy,

DY HESHE, vHECTEEE 572, I, OxHASTHHEHETRT.
BELEE % LD & 2IVO FH THEEDE {2 > THBH, AL L —#—
V= NOBENFHTHNDT, CHERELR, Iy, Oy HAMERSE

RIPFEZAFITE > TOB I ENDS. Wiy, DX HHBHFIZDONTHS &,
V—=HF—DASHEIN U BEEREORTIIR oNT, RPEXNH4E T
EMGF B, BITBNI & D ICEBROEE T Z OFM: & D LFE XGRS A
MREEDBIW, BONLEFOY Y 3 LA VK FBELEGICH L, L—¥
D AFTTENIA T B RO MIEAAT 5 BENRILEHS - 7z,

B3 — 151245 ZE~ XK OBEEEGE N SRS Fleep & BHELMTHEZE,
%l&fgwdn,®%%%ﬁ7. %2 RIS DT — 5 OFHEERL,
Y RO BTN B O MBIIERRED 2 FOMEER LTINS, EEi
RN FHEILLIDBONLERERTHS. K3 —15 L) HEMEEZE X
10° m* LLF T C CDA A S DM & BEM RS EIZERGOBRIZH S &M
HRTES. O ERBEMEHEEEI4x10° m* UFCRV—F—¥—FEC
CDAASOMICHEHET ZH S RE=ZXHBNEYY I vt A VMK TFIC L 55 E
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QS_—— D32,g = 15.8 pm

- 96 ym

0.2¢

An/n

Od¢

0.0L2 i '
0 10 20 30

Diameter of glass bead pm

B3—-12 HIRAE—-ZXOMBERHEAN T L Dy, = 96, 158 4m)

x10-2
10 Dgg,g = 54.9 pum
g
: ]
<a 4
2t
OL, : ,
0O 40 50 60 70

Diameter of glass bead pm

M3—-13 HSRAE-XDOHNBEFHLAN5L (D32,g = 549 4m )

#3—-5 HIAE—XNE, #HEZE

Dig [#m] a Qicag
9.6 56 2.46 x 10°
15.8 93 2.37 x 10°
54.9 324 1.05 x 10°

KA 0 =038, ASEEE: A =533 mm
59




Incident direction
[

lC(I}D,x
00 02 04
E O 14 i 1
£ .
10
=
20}
307
= 0.2+
o i
o
= 00570
¥ mm
D32,g = 9.6 #m

Ng = 18x10" m

M3 —14 HT7AE—XREEED O OEELKHEE
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0.4, 0 D32,g = 9.6 um
A 15.8 ym
O 54.9 ym

lccp

3—15 HRTILL7cCCDA A 5 My & BELWTR B & OB
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AELDTE EMETEBEERLTN S, COHBOMEI N SEEEH £ %KD 14
E, £=1209x10" m* &7 -7z

3. 4. 3 HEENRHEZASIOLZES V) aAUF AN FEEDCETER VY
I UAAIKRFORBEEREL, VU3 UF A IVERITF D & OEECIRED & Bk
HBIBEERD TS, COREDOFLH EREORBELTMT 5720, WHKT
B, BREREDPETERLUIEER SNIWIITE T 5 EH O LSRN N EIFES,
RESZ D) 3 A A VR FEEDEEEIC X DERIL, BWREOMHHME A RT3
:&:T“ﬁ%?ﬂ@%ﬂiﬁ%’g%, MfSSI ’ %%:&'(-g‘é :ﬂ’é%bﬁZeuch (:‘EQCJ(
DPEL THE N REHEHETOEHE, M, EHETAIETIOMELEDZ Yk
AR ERNTMET 2 ENTED. ABEEEGICOWTIHRISGTCIRE LS5
DEG 2 LBt =g ik, BaiiT-1:.

B3—-16i1c¥YaritA T8 ELEEIC L DB OoNIBENREESEED
BN RIS A HEBHETOSOMAITH L oy MUz, REHHIZT % UA
THIE SN, H3-16%2R5E2 0004 VR TE8EDETIIBREIES
BEZDPEVESREL > TOEENDNMNS. X SICBMNEET 2 I8 2O
FUIRE D, EHETHE I msTIR Y Y 2 VA A VR TEREDLEI X 2 lERERE
NEEEDYS FTERTUTWS., ZOFERIINE D0EZ SN 50, B b uieiis
WEIIZD Y T A IIVDEFNEZ SR 5.

B VIR E TS, BIELIY ) a vt A VoR, BESE TXsir O Y 3y
FANDERETIERET 5051, Miss: / M R TETEHNTX S,

M JoN 2/3 Qsca ks

=X x ==L 39

M/ o sca 0 ( )
< CT, Qscao, Qscar, ENENERFKT HEID Y T VA A VR FOEELLNE,
BWEv Yo SAA VAL DB ELI R A2 F T (3-9) RZEHANTH3 ~ 16 DM;ss,
[ Me EOBRNICHBIBEHE Y AV A IVOERSE, Xsir , #EHLE. X
3=1TIEEYY A VI A INVOEESROBMENERT. VY3t A ILDE
FSEIERBI AR T Ul BICBIB I N B E# X, BN 3BT EIEDL & D
MW, t, DOEEBREIEEOER, 0, 2ELIVAEEREE S o, , 220
T, ZOEREFHT THERMEBOEIN0 mm THAEENS, BHEINTHSED
D540 mm DALEICREIDET SFELEFREEEEGRL VER L2 -0
75 7R U EREMHTHE, t0) = 1.1 msEMotz. X603 T g1 LT
DEFBBIZONTERT D01, B—Elicd 2 8% 42215, v yay
A A INDE—REDHFIHNT AR AERIRATEIN LW,

dM D, P-P,
M =-7-D, ._L.Sh .P.ln( S"OJ (3-10)
dt R,-T P

St m

het :’Cs%ga%‘i, Msi ¢ </ U | y%{}bﬁ%@gi, Dsi: v U | :/7j‘/{ }I/#j?é’
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05 QO APpn; = 55 MPa

do = 0.15 mm
0.4r Ty = 740 K
L Pg - 13.2 kg/m3
2 03l
~ S
@ Q&
< O02F M tinj

O 12mg 3.7 ms
O O 16mg 46 ms

0.0 | ! ! ! L ]
0.0 0.4 0.8 1.2

Time after end of injection ms

M3—-16 2YavitAIUETFHELEEIE RN
ERNER S ORE ] OERZEL

%? 0.2+ Apénj = 55 MPa
o do = 0.15 mm
é %inj =z 3.7 ms
@ M = 12 mg
®
=
D
$ o1} Eq. (3-11)
S
i
2 O
8 T, = 740 K
£ 3
- po = 13.2 ka/m 0
% 0.0 ! | 1 \1
= "o 3 4
-ty ms
L i i 1 o
3 4 5

Time after start of injection :t ms

M3—-17 BYEY)IVAANOEESSDOEBRZEL
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Diff : JEBUREL Sh: V=970 8, Rei: YV 2 A A INEROKKEE, Psis : MG
RETDYY A FAIIVOEBFHESIE, psi0 : BERFESKEYS Y avit A
RISHE, P FEKES, Tm: BRBANTEEER:ZNEFNET. ORI
HET—ETHBELT, (3-10) XEML EXsi OBMEMIBLUTO LS IcETHE
WT&ES. 12720, Dsi0id> Y a4 INaEkETH 3.

X, =(1-Kxt)” (3-11)

4:D, S, P (P—ng
- x In) : (3-12)
Dsi,O 'psi'Rsi'Tm P_Psi,s
H3—-1707—5EHOTR/N2FETK OEERDDEK = 252 671 &M -
7o, COEEANTE-11) REM3 -1 7 HicERTHL . EREE IR0 —
BUEWLD, WEORMIZNT 5 E%WAEEO—3 s ) 2 v 4 IV T 0%
FOuREHETRBEL TS EBbN3. (3-11) RSV ) a Ut A VKHEOHR %
KHB &, ¥4 ms&7LB,

3. 4. 4 ZHEEEZEABHRBRSKBRESH sifiTtd~NXS, vUarva
AR FE—EAR U T BREERNE {, ¥ T v A U T EHEDLE TR
STRIERORMARII & BIMORRERBE L B/NIET 2 A0S 2 &L 50
B, EIRICHES SN IOBE N EEPEIMIC ST T AENS, JhoDEE
TREAIJBEEZLVENMETEEEZ 0N, 22 TAEIIEHYIRF O L
BEREZDDILORINI DT VY T VA A VR FEEDEEIC & 2 BEBESRE S
O 2RTHEET>72. B3 —18. 1 918, = 0.15 mm. BEHEH AP,
= 55 MPa. 100 MPaDHEDHEEZThFhzRd. 9, BRAATIZE ABEIZH
27 5t= 1.0 ms £R5E, BEOEDETIIMEELBREDNS kym® LTFTHS
0%, HEZEOFLETIE0 kg/m® UEREHICEL L TOAEBEFILIS. L,
IR DOEHD S BUBOBEEEBIIRLVENEEZ o, BENOBRESIT
LOBEPDTHS . WITHHRTHDL = 3.7 ms(APy=55 MPa)&t=2.2 ms(APyy=
110 MPa)ic DT A5 &, HFEOHRLEICARBENHENE L (0.8 kg/m® L
B) HEPRRCEET AT OEEINS. EROKE X1310~20 mm BET
»H5.

3. 5. HENBRHESHOER

Y I UAAIVKLFEDN S OBEDLEEIT IS ST DR, oo &
ZFA UTHEBMEN COMRMESAOES S EEERE Uiz, BO&120.15 mm
EATHEE APy= 55 - 103 MPa TH 5. BEEBIZEONSS0 - 100 mm TH 5.
K3 —20RHEBPOHESLUITEN TOREESOERZ BT L /- FEe T
HB. INERDE, BEDLHEELE (AR BENENEBDLNBESHLREIRE
BB LT TR DM S, SRS -1 8. 1 9IcTEEIN KX X110~
20 mm OHBEFEEEFA—OHEEL SN 5.
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do}: 0.15 mm, M¢ = 20 mg Ts = 930K

APinj = 56 MPa, tin; = 5.7 ms ps = 11kg/m®

gy 40

'8 & 4 & 2 2 3 & E
- 8o

100

Time afier start of injection ms

M3—-20 EREZBNENORHARDEREHIMEE
- (E: APy = 56 MPa, tiy = 5.7 ms, - F : APy = 136 MPa, ty; = 2.6 ms )

67
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K3 -2 1RBEEHENCENTHREINMEEGICENT, EEHOE LD
7 4 WLARES G EFRAED, OB EHEICHRE, BSOSO
2E0, FRERRTELALLOTHS. HIZT, BOED SHRICENT B 1250
74 IIVARERELES. 74 VLABENSOHERIIEEEEENEL, ThHbb
BEESBENGWHEETHS. ChoDRI S, BEEKBRENS RSN
rIRE, FEBEICEZORNRE TRICETUTHHEFIEIL o405, B3 -21
OFERN S, FHRIREEES M I BAT A REMOBERZ s ETHESSA
BARE, v, 2XKY, Zbo—sIls, s, RAVUCLDEH L.

S, =F, 1 (Vo Wy)
=V /L) (Vs / Wyo) (3-13)
= I/1750 /Lv

ZCZT, Vs Wsoo Ly i, M3 -2 21ZRFT LI, BWOMS50 mm IXBIFBEE
RO EEE, BER ASHOMBEEFNENEL TS, B3 —2 3|TRe =
VsoWso/ vV TEBINB LA JIVZEAKEIZ LY, ASWMOMR, L, SXSH
OFBBEFED ORKDIZ bo— I, £, 2oy b5 ThERZELA )
WAEBIZE ST, S, L, EBFIF—ETHD, st 05 BETHS. Z0OX o—
NIVEBOMER, SUREFICE T 2 ABEEERAERFRICL D ERINE Z bo—
WV ODELRA—FTHY, IO EIFEETEAREENOBRBESEESTED
A AREEEN I L DB EINS Z EAREL TS,

3. 6. F£&oH

RAEFOMEERANDIEELOMIC, VY 3V A VAR L B0HE Bk
ARREE 2 RTEBILT B HEERE L, AHEEHAVTEREZORE LA~
. BONIHERIILUTOBY TH 5.

1. BEHCEEEAETI%DOY Y VA A INVEEBEL, ChiEE SFESEERE
KAWESHTHE) AT A INOADPEE L, BEESPTICT Y 3 4 AL
KF0NFHET D, COBBIILV—F—— MEEANTAIHICL-THEHONS
U3 VA A IR & OBEIEIRES T IR RSB E A A E s £

2. FFEBBUEAN QMK ELRIELE DT ZIEAFERYE N O BB TR & D8
ELCIREE A SR B PEBD 2 — VK& BT B,

3. EAREFBHTIIRBASHANEREY, FPEHICTRAETLTHN. 20838
B SRDI2Z M o— VL, [EERICENT, AEEEIEHRINS
RBEBDZR Mo — VB ERA -5 THD, BREESEENGORE—MITAE
BEERHICER LT 5.
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do = 0.15 mm

Ww 891110 8jZZOU W0l 9oue}si|

'SUSp Wi} voN_._mE_hoz "Susp Wi} pszijewioN

) [45]
€ Q e
[ve) 0y
Ts) <
1 w i
= =
= ©
o s
S =
L )
S %
T [} ]
o 2 amgy
- £
a. a.
Ty o)
o P T]
Q

5 ms

tinj = 3

5

Apinj - 103 MPa

'SUSP WII} POZIfRWION

Time ms

Ts - 640 K s Ps
ST HRALE R DR

WW  901j1I0 9|2ZOU W0 9OUBISIQ WU SOYLIO BZZOU WO OUL]SI(

14 kg/m3
Huil ED 7 4 VB

AL

5346 DR

K3-21
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Wso St =fy / (Vs50/Wso)
= (V50/Ly)/(V50/ Ws0)
__,’ = W50/Lv

Vso
Re = V50 W50 /v

Rich mixture clusters

M3-22 ZRbo—IblEVA JIIVAEOESE

“302
@
&
@
e © %% 120
“j’,
110
0.6/ lo
& O o 8
0.4 8 o
%)
0.2}
0.0 ' ' . x10*
8 10 12 14 16
Re

M3-23 MESHME L, L2 ho— IABOLA JIVEUIH T BEEAL
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DA, fth24, B #36,57-538, B(E3),213

LR 144, B 60l YRR &[] v va° v O AEIHERSISE, p.113,1987

3)Lakshminarayanan,P.A.ct al.,SAEpaper,No.830244
4)Scheid,E. et al.,SAE paper, No.861121

5)Heinze,T. et al.,SAE paper, No0.892102
6)Melton,L.A.et al.,Appl.Opt.,vol.22,No.14, p.2224,1983
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FA4E BEBARNTIORE, HNE BEESH
- D2 RHHR1E

4. 1. FAMRE

FEHEBKENDOTTEBEBILOBRER, BENEEENDEETH LD,
LRI L BB HAREETH D ARBEL GRS, UL, &IT, 2/, BB
ghicl—Y—v— FEERW BT TR ENEFEIN, ChoAEER
BEXRITEATSIET, KENTITERESFTOFRLIERMESNS LS ICH
st T4 —E/RRBEARRESEOTIHME LTI, BES D NL—HF——
N A EIR & 5 M EEDGE: (Laser Induced Scattering: LU FLIS #E&IF3) % 2
YA NT 4 —EIBBOXKICERL, KEMENTTORBREREEIT- 7.
woi, EHENOEMEBORD/NIERLD, T THNFHOBILAEES S L5
LTS, Dech P IV —Y—FRAREE: (Laser Induced Incandescence: 2L FLIT
PR B RARBUEBETTNNEET BT 4 —EILBEADOKEICEREL,
V=P =2 — b LD TRFERRICTBAT 2T U, HoDERITA
HMHOIFIZ W TEEMICTINEELTHWAEEZRLTIVS. X 52 Pisonb
O RFTIRFERCLIEELUSEEZRBFICER L, L—¥—Y— b LOn&d 4 h T
Do DEANRSHE (LI ) EEE LMHEEEDE (LS b)) BEO M, ST HED N
BAmENEST S HEERELL. HoldohrxF 4 —BIVEEBRNOXAIZ8EHE L,
KEMEADTTEE, T9HE TI8EED2RITOGEEENEL, MREHT
BRI e PRSI N 20, BEIn3 At L. Uh LB ORI,
KR DERMADEHEPEZELUINMCENEERT SMNPEET LT ERTTES
WWEITBEFTH Y, KBOE SHIEROFHANS .

To Y BFEFHKTOEHBEBARICLIS EEEAL, BEALOLDE
EREEEZFNIC, BRoOHRIL, TINAKSEREABIELEETSEH, K
REMBOT T IIRBERRDC L VBB INIELELHSMC LA LaL,
HEFEBKRIB BT TOEREBICET EERANTERIREA+H4HTH
5,

FETELIEELISEZ ARG ELEEENICER U L FRESTOEHEE X
RICFARFICEA L, HHSEXENEAOHNTTRBE, M ThEE MHdd
HEEO2RAAGZAET S, TNoDOFHERICHEBE L, JEEEERE AL
BB TTOEREBILDOBEIZDONTEET S, F B ENDT 3 ERK & 1L
OEIZEZ BHEBIIDNTHHENS. :

4, 2. EBHE
4. 2. 1 L—¥—FEFEEEMINE SEFEEERNOHEEY RS
BARIZV =P = — FEEAS L, TTRFEENSOLI JEELIS LD R %

fTote, BN FEREH 4 - 1ITRT. HEICIINGYAGLY —¥ — (Continuum, Pow
erlight 9010) D% 2 &Mt (B : 532 nm) AW, HATXIVFE—IT 100 my
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© Cylindrical lenses
@ siit

@ Beam splitter

@ Prism

® Injector

® Rapid compression machine
(D Beam stopper

Band pass and ND filters
Doubling prism

@ Gated image intensifier
@ Relay lens

® CCD camera

@ Plano-convex lens

® ND filter

@® Photo-diode array

4—-1 BHFKENTTO2RTABALDICHDEILIEFER
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e

pulse TEEM L7z, 7SV RMEIZ6-9 nsTHB. E—LoLIE 3HOME L » X TIE40 mm

, JEZ02 mmD Y — FRISHKIE I, BEEENICREIN Y TLTHEX
NEBTOMEIUMEERE TS, RESASINICASILO—EE2E—LZXTY
w ZTHEEL, 74 bFAA—=FT7 VA TASEEESHEENE Ul FORSE,
K4—-2RTEIRV—F—v— MDD RIF-AHRIFFTFHETHY, Vg
y N EDOHAEBNTIE3.5%E/NX D, BE/ITH UASHERESE ORBIEILT
o TN,

TIRFDSDLIT HELS HE v — MEAST AL DOALEICHRE X h:
WBEREICKOBE TS, LI RERELS REGE ST V7T Y L& 2D
YERNRZAT4NZIZED L, BEEESES ~ MIAA DA VTF UV T 7 A4
7 (EREP2)Z,C4078-01) THME L/, 1EB5DOCCDHASTHRE L. B
ICHWNIET VS ORI, LIS JCAIEAF0HEES32 nm, EEIE3 nm, LI JEMIE
FULEE400 om*EEE66 nm TH B, 1 A=A VF VT 5+ A4 TOF— MEIE XA
RPODHRNERET B2, 40 ns ICHEE LI

B4 — 3ICRFRE I NICER XHNT T O DLIDEE 4 & LISEHE 47, &
RRICHE O TEMDPLIDEE &, GRSLISKERTH S, L —F—— MIEELEHD
SAIHN > THEA TS, LIDEEE, LISHE#E BIZ L —F —ETHaND RS
RIBEAERSNITV, Fio, LISHRLIDEL D S THRAUTEHERINIBEZIN, oh
BEBRD XS ICLISEEEIRTINBEOEMICIDBETH D, FELEL D O/M
T THAFDODEENIREZIZ W HTHAD,

B4 —-4IXEO0 52 = 70~110 mm®FHEE TRKRE X o KA EmEm o34
R-FRED G ODLI Y, LIS OB SAERT. TREABESTOSMEENTH 3.

Melton®DAT - 7o BT Ik, ASTRTIRNLF -2 H2EFELEBL 3
ETITHRFOIRINVF—BENTTOERCLOFTRINS LI ICHD, ZDLx
ASHEEEDS32 nmDIGEITE, TIRTFONSHEINBLI BEE .., &
TIREDIZ RBETTREREORICHAT S, RPETIETTIEEN A B
BETLHIW, 1, BTFTEBEEICIZEFRATIERELL. +hbb, 43
BEED, T INTFHEELNETNIE, 1., ,<D3XNE&ELZ.

—HLIS JEHEE, Isca, IXDWTH, A&POFTFIIER20~ 40 nmDIEHY)
N FOZHEERUERBREAREEZ ON T |, BEICIZINISVAL Y —8FL
EUEERATEAN. VP —mEE & BELGES AR O TERIEKEND
TITONE, HEELZERATE UFRICENIE, V1Y —STILECIT TR A
B/NHET 2N HEINTINVS B 2, UL, EHRTIE, T TRSHEDE
BRI ERNSIELENEL, V1Y —HELRUARE L. T4bb, LIS
FEREEA Isca< DO XN ERELR. UEDRENS, WHMEL YU TFOREFNT
RS9 9 IREL, AR FaNEE, MANT I BEELELTAEMNTEXS.

P dHRBERE: 1., <D*XN
X PR : (Isca/ 1.,,) "PocDy,
X IEEE I3/ ITscaxN

B4 — 4 OFBICHMSTHEIRERT.
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40

. 50

£ 60
70
70
80
90

100

10

40
50
60
70
70
80
- 90
100

TDistance from nozzie orifice

10

Direction of incident light
| —

Lil LIS - Ll LIS

t : s - " ” -

APy =55 WPa, tinj =37 ms, do =015 mm, My = 12 mg

4 —3 [RIFEREINIEFKRERED 5D
LINGE# (£ & LIS EE® (B)
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LIl Scatteﬁng

70— |

B APinj = 55MPa
90— =
- M = 12mg
10— SR t=-26ms
Original images
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Processed images
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4. 2. 2 EBREREEREFH  ERIIIAVSEEHFEE O 2.
FFamtid14.7, R ESERICE U SRBEE DR & ZJIIER196 mm, FEX40 mm TH
5. BRRHESERE I BRI A R SRS EEE D A U, Z OWS
HFIGEHUBET - COBHAREERTES. REHIEFOZ VIRV B
(n-C12H26:22%, n-Ci3H;5:54%, n-Ci4Hso: 22 %) W, 4 — 1 I1CEBRSRH
ARY. JAVEOE (do) EABWEHNE (MD EEEL, BHEHNE APig
= 55, 100 MPa @ 2 &M THBREIT-72. M4 — 5 ICREHEEITEH T 2 8GR
OBBEAETRT. FELEICONTESHEOTFT -7 OFEEER U, BIGENITTH
ZMEEH1.0 msTH - 7z,

4. 3. HMRELEEE

4, 3. 1 BERILOEBAREOEDH  HBEABI VAV —F—ZFF
fodh, 1TERICHU 1HEE, 1BHOEELMESNIN. FITHEITLOHS
OEE %, R UKL, SHETHREUCEROTIHMEGRALEL, w3l
B4 — 6 IS ES A Pinj=55 MPaDZMTHESTEIENS t = 3.2 msE DM
BESHERT. 2O0EBICHL3IDDF %R L. &TRLLKBOER
THS. Ihzeloss, NI TRESGTOFEMEIFERILICAKE(ELE LY,
SHMOEHIEHEEIEH T OEMALUTHENELSHI S, BON Sz = 70~110 mm
DHEBDT -6, HHTTREOKITELRDIEZ A, KEMENOT TR
BEOFHEOBERI LOEMNTIEIS % TIREOEREHOREDOESE T DL
329 % ThHo7c. ERTHRAZUETTI~4# (LI BEEELIS BET1lHE) o
E&ERE U2, DBISRTERE, ThoodRTIHTFENLDOTHB.

4. 3. 2 TYRE, T9EHHNE TTHUREOMAEERN2 ZTHH
B4 — TICHEHENAPin = 55 MPaDE& D KLMIH N OIS 95 (BB ,
M99 FEREE (FE) , MU I8EE (TR 46H%5RT. 7 L—Xr—Jb
BEISRIZEMAT B ONENENT 3EER LTS, BEEEAIE, %SetEE
POoDEBEER, t, TRPICHELK. t=20 msitF4d 506003 L5108
BURBEOIRICHAE L, t= 3.2 meldMEEHR T EATO ILEUREEA TR b MBEONVER T
BRERDBRAELRTHEATHS. t= 3.8 meldBHETHEHEORETHS.
7o, MUK, FRUEBROTITRE, 39E TIEEEELTH—OKLHE
T=INoEHUILEDTHS.

M TREMMEBETS. EOMS 2z = 40~ 75 mm OFER, O3 T 4E%E
HRD EIICHBD, TTELELBMEREME ESIER~BHLTED, k&
WRNEW > TOBEFRDNS. 2= 70~ 110mmD KZEHmESTHEBERS &,
t= 2.0 msDILBRBEIIATII AR EREEH TOATTEENT D, BREEDET
T BHIZDOHN, t=26, 3.2, 3.8 ms DEBICAONS L HITKEFOERIC ST T HRE
OEWEESHRND. T 51E5~10 mmDIF THRICHHE LTS,

TIEENEDST (FB) 2R5E, t= 26 msPlED z = 70~110 mmfEK T
HOoND LIS, KREHOFEBAH TTIRNENKEWENDM S, BIZEET
NEHIC, AUHEHBOTIBESGEHET S &, T TRENSOER &3 TRR
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£4-1 EBRFEH
Surrounding conditions
Pressure 2.7 MPa
Temperature 690 K

Injection conditions

Nozzle |Orifice dia. : dg 0.15 mm
L/dy ' 4
Injection amount : M 12 mg

Injection Pressure : APy,
Injection duration : fyy

55 MPa 100 MPa
3.7 ms 2.7 ms
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Heat release rate kd/s

fuel : O-solvent , M = 12 mg

Injection d}uratian — 100 MPa

200F | ———— 55 MPa -

b
O
O

B4 -5 SFEERORFEICRIZIENESDORE
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mm

e orifice

Distance from nozzl

APinj = 55 MPa, tinj = 3.7 ms, do = 0.15 mm, Ms = 12 mg
Relative soot concentration |

by o
& o

A.U.

fin

100
110~

A.U.

(lsca’/ Li)?/3

100
110

40
50
60
70
70
80
90

100

10
t - 2.0 ms 2.6 ms 3.2 ms 3.8 ms
R4 —7 KEWEPNHESTTERES (LB
g9 PR (PBD
F T R8EE SN (TR

(AP inj=55MPa)
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DREIEFIRILTUD—H LU TE ST, AEHIMEETETTEERSDTT
BIBEIINE {, KRB E R Q KL B BEHEBR T T3 BEME L T hENA X
WEHENLCAHLTNA. B, T THESHETIREESA (FB) %
35 E, RGO OB R TEE E TOAKLBERICE N THEMICADH
MARD oS, THOLLEONS z= 50~70mmOBEE TIE T TREIR/NX S B
BEE, MK EREROFIC DS T TR IR & CHEEIMEL 7T -
TWhA.

LY -k s S EDLE O RN £ O B EERARNOT TR, T4
WEOMEEIT > THFR S 1210k B L, TR TRICBEINS IR, KT
FALOEEPEEIZLIDTTHNEIEMUTITHEEMET T 53T EHES &,
FISTRITIRBILICE D3RR & TFREENLIRD T 54T BILEESNEE
TEHHEPHASHIIN TS, FEEFEZFKELHARDOF.ON S, BEIIHTT
DT ITNEELHEEDOENMIEFELHEKREDOTTREFRIC BT B9 9 MR & HE
EOEAEEHMII—F LT3,

BOMS z= 50~ 70 mmOFEICE W TREODNE T INEHEEIZNGT S
DI, ZOFEBICEWTEI LT ITRFPERINIBEDS7:HTHS. Wons
BTV ZV—F—2HNTHHBEBEXENT TR FROEERY VST %
MELI:. TOR, T3 ARHOEETUICHE, KL TAEERES -
B> TKERBAFISAGEAINZEDRIN., JOFEKRER4—-TD t= 2.6 ms
PBEOEONS z= 70~110 mmD KIEMBEHILTIEHTA B &, R TER
INTTHRFHEIEEEEPCHFRTOSKIC L DB NXE 3 EREICE
RILEUC K O FREIN, TOHE, BEELZERINBEINTOLEFNHET
&5, BHELEOHMEETIINENROAEL, TIHEBENRDELE-T
WEDIE, COFBIHFEET AT INRAELDRLBHLBE LD EELZ SN
5. '

Yehs % IXAER & EEHEG T OIERBERFRERORB A BESTEE L —
P—FEENECLOERMEL TS, BoOERICLNIT, BRIH EpHeER
DYEHII0.8 LITTHY, TTHFOBMIIBEFEEINS. ULHL, BLIERICAE
CTWBE 6, T9NENREKEN S HEBILASERBERERTIEEL, &Kk
KPOLFDOFEIBIZHEBIITTH 5. LU LOFEN S AREHERERIT, FHlI
BREABRFHITHSICbBHLOT, TITRTOBMRIBRO TEETH S LHEX
ns.

4. 3. 3 BEHENOBEELATITER, BEBREB-CREFISE 48
IZA Pinj =100 MPaD & ORI TBEST (LB , M4 FohEash
(FRBY , M3 8ERESNT (TB) 27/R7. HUgaZ, KEMBIT 58
EHENK 4 - T OEEHENOBEDOBRHMEHELE LI RELIICENENE
L. B4 - 50RBEFEOMRMEMEMNGIESE, t= 1.7 msid IR
B, t=25 melITEBMRBEEREICTHEITHETER, t= 2.9 mslIBHRTHEHRBICE
NZHIHET 5.

TIBREST (LB LHEBHENOHAEOTTERESG (K4 —7LEBR) &k
B9 HE, BHEAOBEMAICLD, KEALERTTIREMETTIE, T304
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APinj = 100 MPa, tiy; = _2,?’ ms, dop = 0.15 mm, My = 12 mg
Relative soot concentration |

40

so-

601
70-
70
80l
90}
100
110-

mm

e orifice
BLN
O
]
A.U.

(lsca’/ L)'

tance from nozzl

IS

N,

110 - - CoEe
t = 1.7 ms 2.1 ms 2.5 ms 2.9 ms

4 —8 CKEMHNAHNTTEES R (LB
X9 P ES R (B
X9 8EESE (P
(AP inj = 100 MPa)
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BAE D FTHRhotEE BE, EEHELEGTICAoNITTARRIBMED LR
OBEPBHF M F TRBETERILIFTLENDIS.
WICEBHEATOTTRESS (K4 — 8B “EEHENTORERE (K4
— TR LHBT &, MEENZEMIES EXELBTTTRNEMET TS
HRDbM S, KR ERBABSICBNTTTRNEORDVWEILD. T HIXES T
I DOREINAVK S S B BERIC BT 55T OB LA REL Iclch EEL NS,
TIREESHICONT, SBFELOHES (K4 -8 TH CEEHNEHDE
& ("4 -TTE 2HEETSE, BEENOEGNADTITHEENEL LT
3. HIIEON S z =70~110mmD KOOI BN T, BETE OIS 4
THEEOBMAZE L. SO EIEHEIOMMCED T OERIMEEI N
ZEARLTHS. DLEORERNS, BHEANEWMIES E, T90EKRINLE
HBHKEFLEETIRTTOREMEE SN, KEDOHEAFFE TIEIBILIMEES N
50, BUEEOESNVPESEEDESWE LR A IcHKELADTTREIE
T4 5FEMUMETES.

4. 4. F&OH

1. EEFEEHHBBALTE, T3P OHEBTERINS. £ORDKET
OEEBUC BT B39 MBINE L, TTHEETE .

2. EfENIT TV RICE D KAERREHERICREINS. €O, T
T FRILTO&EPEE, REHIZLD, TTREEHnUEEEIXETT 5.
ZTDFER, KASEmEREE T TRRIERE L, T9EFEREN.

3. WEHEHOREME, KEFOEOTITRHEE KEEHEABHEBICEITS990
LR T 5. BRILIRED T T ASEEA LR A 700, KEWNTFETTRER
BHE ORI EBEIMET T 5.

3K

(1)I6 88, fth345, H#83m,61-581,B(1995),p.344.

(2).Dec J.E., et al., SAE paper, N0.910224.

(3).Pinson,J.A., et al., SAE paper, N0.932650.

(4).70, 1344, B BEER,57-536,B(1991),p.267.

(5).-Won,Y.H.,et al.,SAE paper,No0.920114.
(6).Melton,L.A.,Appl.Optics, Vol.23,No.13,p.2201

(7) ¥AF BRI S 34E BE AL 4~ WSBE D KKIRIE &3 3R EE DA R TE I BE
T BHH L p.5-22, R LERS

(8).Charalampopoulos,T.T.et al.,Comb.&Flame,vol.87,p.89,1991.
(9).Puri,R.,et al.,Comb.&Flame,Vol.92,p.320,1993.

(10)./IVRR fth245, B 3, 48-425,B(1982),p.168.
(11). 02 fth24 , B B3R, 53-487,B(1987),p.117.
(12).Flower,W.L.,Proc.of 22th Sympo. on Comb.,p.425,1988.
(13).Yeh,C.N.,et al.,SAE paper,N0.941953.
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FOE IBHEMNBNEED 2 Rt
5. 1. ExsE

F 4 —EIKBNOTTER - BLERIIEENORE, BEBEMiORE—H
IS ZT S EEZ OND. BREKEDORG—IHEETTOERN  BMLREOH
BAERFANBIDIZ, V=P = MEERWICT 4 —ENVKEFHNOTTEREI D
BEEF 2 TR LT hh T & 7.

Dec 5%, Pinson 59, FE59, INE SO, L —YHEREE L EHEEDREIC XD
KENTITERE. TIHRO 2RITAHEB TS, ThoDERIE, KEF.OHEE
IR KRB BHEBIC A, KO/MEROT IR FRL D EBEEICAHE L TWEEERL
TH O, TPk TLHEETERI NI E. BE L >DAREARERc#EEIh
B EMEEXNSE, FIMESOE L — Y HRADEE &N EEDEA S LA
FROFEER BHEEKIICEA L, KEEEANDOOHS &9 9 & Rk 2 KT L L
Tnb. BoIIEEEBHERBARTIITTLOHNGH L THEELTVWAZ LEHS
ML, OHOYT T OBMUICBEE LU TOARERER®B L THA. LHMLED S, 2
SOMRTIEEZALD 1 BRI URKESZ lETT>LHIETESY, EHEOD
AE—EETKT IR TH 5 KEEER & 490 EOBBRIEH MR TN
T, ZOBRERNDITET TN T EOER R HNENRDH 5.

FTEOMNE T T IV UV ZNEYAG U — & F TS E ek 2 B L BEK PO IEE R
HHEEZEXZICERL, Sohic 2 RORNEE I icf—BE A ROTTHELDLE
B o, tHEAHBEParticle-Image Velocimetry (PIV) 51T & O 3§ R FHFOME D 2 IRTTH
FE/THS. Wold, T9ZIEKEFBEBHL, KATRMICEZE LRI
FNBEII > T LREABEINS Z EEPHLMILTHS. UL, MEDZRMS
FREEMEE ., KENOE R OROER LR S TWTL.

FETE, 74 —BVKRAOTITAERN - BIGERE & ARERER & OBF T HF~
5 EEBMC, BEEEDLE SHEHEBEPIVERICL Y, KBSREHEEENDOIEE
¥ EHHAEEKAMEANT IR FHOEED 2 Rouafmastillss.

5. 2. RBFEELEBAE

5. 2. 1 ®EFE H5- 1LITARRNTTO2RTHABLDOIDDBENAFE
FRERT. R—EHFOB/NFHE, At TN 2ERICET 39T BELLEGEE S
WHIZ, BRI Y 7V VIV ZNEGYAG YV —4 (Continuum Powerlight 9010) D & #H
et V=0 UV A0 us, 7713260 mi/pulse TH 2.

3DV Y AL XKD ER UICE S0 mm. F X020 mmd ¥ — HIEE
BEENICRESIN/ATY XL DEAICHT SOk E0F 0L B 5,
V=P DMLY 3 v MECEILL, U —H Y — MHORBERGHE— TR
SEDNS, VWL — hO—EERBEEICAHFT BRI E—LRTY v FIC kDA
Us T M AF— F7 VMK - TASHHRESFEBENE U, ELILID
JERREEMT SR E R OEBERIEIC AU,

2RSS B 59T OBEDLEBIL, 2HOBBEEICLOBETS. VYV~
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D Cylindrical lenses @ Lens

@ slit @ Gated image intensifier
@ Beam splitter @ Relay lens

Prism @ CCD camera

® Injector @ Lens

® Rapid compression machine @ ND filter

@ Beam stopper @ Photo-diode array

Band pass and ND filters @ Half mirror
®@ Doubling prism

B5—1 HHEMBEPIVEEDIZHDKKENT T D 2 KT RILLFER
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b EDT IS DHEEDLIZ Y — MEAST AN VEADAMICHRE XN —T 3
FIC&D 2HMISAT o, TNENOBGERICEIN L. BEEBE, NUKR
SR T 4 IVE (BAREBER 532 nm, FAEIE : 2.8 nm, BABBE : 78 %) , il
F= ML A=V F VYT 24T GRARFIIR C4078-01) , CCDH A S (SONY
XC1) Mofd. A A=A Ty T2 ATDETY v v ¥ E2ENFTIO L —HH
FeBeH LA €5 ET2HADTTRENLERET %12 2 B50H A S L DIRE
TH AA=TVA T VT 7 A TOBFY v v SERBERIL, KENTTH SO
FERTT BIcDIZ30 sl E LT

B S — 2ITE—KED 2RANCE T 53T HEDLEG O A7, s n
N570 - 110 mm TH Y, TWERFNIEHBIEE25 ms EFD40 us %ThHA. “ho
DE®RERS L, KREMEN0 usTRTITHFROSHETRRIT T OREDERILIE
Eld D RECEMUBNT EDRGNE. Zh SO EMMPIVES &R L,
TR TFROBEED 2 RITATHEERD 5.

5. 2. 2 HEMEPIVE HMHEMHBPIVEETI, IWHORZIcEIT 5 E S
XL, EEEELAESORBICHERRERET . JOHEEREFEUASX
DFIEEROEADOEGE FIZHHEL, 2 2OFHBOMEMHBEEEATETS. 9
DOEBIZE T SHEFROMNBIREEL, ROEGICZE T3 HEFHEBE X8 TH
HAEBFREE KD S 2 ETHEMBERED 2 IRTGSHE 4B, ZONH» SHEEME
FREORA L DAEERE L, W2 ROOEGONESIZHT 5 ROEZOTS
HET S THOLRIONESE D OFFEFRNOT TR TR, MNER, At
BRISHCAETBE LT 5. ZOBHEELEENR, At THRTIETTTH
THOBEERDDZENTES. ZOFETE, RETIHEHABOKE XIHUE
OEMGHRREERET A ELLERTH S, AL T, H%E50 mm X 5.0 mm &
10.0 mm X 10.0 mm® 2 BHOIEFBHEE TUIEEIT - 1o, THO SRR TR Ik
FREOHEFESRIE5.0 mm X 5.0 mm & 10.0 mm X 10.0 mmDZER] 7 4 U412 & b ZefEsE
BINTEESETHS. EHER, EREICHE 24 mm BREOBTE2T, 20T
BHTRD .

2HEHORADEG FTHIEAEBETHHEEOR S X1, SHIERICHELRIZ
T OTHE, BEFAROKEXE2]L X 21 mm — 63 X 6.3 mm OFFH TR X80
HAETY, NESERMEN UMK E X ICE L.

5. 2. 3 EEREBLEBREEH FERICEAULABAHTHEEEOLE T
200 mm, A b B —7 H%560mm. FHEEON14.7TH D, BREERIIE196mmE X 40mmdD
IR —FHTHB, BEEHEEICIEFHA MRS ST B4 EH Ui,
CHUT SNIT RIS R S A R — IR O Z LR B, ERAMAES — 1
IZRd,

5. 3. ®HRLEE
5. 3. 1 PBEHREOXEFSINAEELITOHAGRI-RIFTEE  HEEcE
WT, BEISRERETAHEEORE X, MMERIEELEZ 4. 2T, BE
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#5 — 1 EBREH

Surrounding conditions
Pressure 2.7 MPa
Temperature 690 K
Injection conditions
Nozzle orifice dia. : dy | 0.15 mm
L/dy 4
Injection pressure : APy | 100 MPa
Injection duration : {;; 2.7 ms
Injection amount : M; 12 mg
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FHIRO—ADEX, Ws, ZWs = 2.1 - 63 mmOFIBHTEIL X AT EFTUY, T DE
ZH1-. B5— 3O SOEA0 - 110 mm OFIRICE T 5T R REORE %
BWsIZE DBEH UERERT. RPRELSR TR UC. O 38t U7cBE A
DITD BTN HHHMEEEHERA THEE UIETH 5. KEOWEBIIAETHELLE
MEOMEMNOE A EMEETHS. Ws=42mm £ T, BEREHOKRZZELTS
CEHXNIEE, MEBMERIIINT 30, Wek42 mmdk Y K& UT AR
FIFEAERLUILNT E0E. AR T, Ws=4.2mm CTUH AT - 7.

5. 3. 2 NBRTITHTFHOEEST M5 -4 IEHEFHOREIEZWe
GraEfESOx M EyHHOE) =50mm (B & 100mm () &EUTRE U8
GO KENT TR FROEESE, 900 OHMRELEEESE (F) 257, B
B S OB, MEBEBRED0LLT &L - ToEEARS MVZEIERLTH 5.

We = 5.0 mm CEHULEEMGERS E, KBERETE, 9 IKEHLEE
$EFT UTR N S A K TR IR TR BIMEIEEANILIN B LD ITHEA TN S T EHVEEE
XD, KREMAEIEEO RN Z MUVBEEL, KRN
IEIEEONELET S LA TFRIES.

We = 100 mm DEFE&%ER5 &, KREHEROFRERET N L OHSMIEZL o0
Tha.

X O DEBALTIEBICE I A RE 27— )VOERPE L D HREICIRZ 5
728, KRB ER DB MR A3 U W o K45 1 2363 B R 407 % 3K D
7o, FERAEMS —5IRT. IhER35 &, EEEHHBEHEXEDLHETICIIEZEE
ER AT —IVDBNEEL TSI EDGN 5. BHEEKENOT I IE KIS OE
S, KBRS EIRE Ui, KROMNEEZE LN EEA TN S.

INSDIEGESETTOAR - BILABROMRERENS YD, FA4EITRUICHE
HEMFTOEHEERANOTTRE, T9HE TIHEEOLHOZH5 —-61C
A9, B LB XY, I IERBREE, METIRE, T TEEEO KK
NARTHE. oD HET, M54, 5—5TRINKCT T OEEREE
ER &, EEEEBOFOETERINTTIE, TTREROMNEBEEDORD %
PO D KRR E S, KRRITHRTICHET 5. JOROTTREDE NS
FEOETRECTINFRELOA K, BEILLZEDEEIONS. JOW, 77
LR KRR A K SEREICIR S & O IS BTN, EEE &R X — IV OREEEIC
FEoTHEINS., OKENGIBICK I ABEF, T9HBIERRLICLDBPTS.
BRI I IORAEEERNC L D B RERAERICE S AT NWEET 5.

5. 4. F&H

FEEH BB KEMEO T BEDEEA LD, HEHEEPIVEE RN TR
BOBEESME SHRTTEHI L. ZO#E, UTOmRER:.

1. JEEH B RSB AED KK ERIIIEHER &Ry —ILO@mOFEEL, 37
ZORICEDEEINS.
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Distance from nozzle orifice mm

APipj = 100 MPa, tinj =27 ms, dg = 0.15 mm, My = 12 mg

Dist. of velocity of soot cloud (We = 5.0 mm)

40 _
50/~ g 18
60F| }\@‘ =
70 ) j @
N
70r :
80t %ﬁ%\?
Tk R
207 ﬁ%klw
o Ayliie
1104 AN

Dist. of low-pass filtered velocity of soot cloud (Wc = 10.0 mm)
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50 o , g g
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K5 —4  FIHEFRIUTE AT RTROEED 2 KT (Wo=5.0mm : 1)
EHIBFE KIS T REDIIE D 2 R4 (W, = 5.0 mm : 1)
SBT3 BE TR © OMEDEREA T (F)
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Scattering intensity A.U.
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mm

Distance from nozzle orifice

APinj = 100 MPa, tiy; = 2.? ms, do = 0.15 mm, M; = 12 mg

Relative soot concentration

501
60|

@

80
90
100~
110+

100
110

40
501~
60
70-
70
801
901

100}

110 | L |
t = 1.7 ms 21 ms 2.5 ms 2.9 ms

5—6  KkERWrmWNHEITIBESH (LB
FHE 3 BRI A (P EY)
FES T B E A (TBY)
(A Pinj =100 MPa)
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2. TTRAKRFLETERSNE, KEPOEES, KERTWIICETS.
DO, FINFREOEE - BEL LX) T TNETEN U THEEETT
5. KPEESemBIER, TTRAREERICRD &9 ICKREBFEREEEINS.
Z DR, BULICK D IIRRIEIED TS, REIC, THRKENORRERRIC AN
BEEIC L O FEASNHET 5.

3CHK

(1) Dec,J.E., SAE technical paper, N0.920115, 1992.

(2) Dec, L.E,, et al., SAE technical paper, No. 950456, 1995.

(3) Pinson,J.A., et al., SAE technical paper, No. 932650, 1993.

(4) Won,Y.H,, et al., SAE technical paper, N0.920114, 1992.

(5) /N, 345, F1 2B S R U LEETHRCE, pp.61-66, 1995.
(6) /B, fths4a, BHEE, 62-596, B(1996), pp.1608-1613.

(7) Won, Y. H,, et al., SAE paper, No. 920114, 1992.

(8) /A, 24, H#EEM, 48-425, B(1982), pp.168-173.

9) fiA, e, BHEEm. 53-487, B(1987), pp.117-122.

(10) /B, fth345, HEEER, 61-590, B(1995), pp.3426-3431
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FOE BEFXENOT T EOHORM 2 KT
6. 1. Txps

TAED L —YEHUIFEOREIC LD . PR O MR 84 2 eIz, K
R DR & LR 2 RTINS E S 101 5 o THODHFT, 333
7 4 —EIVBEIC B O THEHME AR D SNBERID—DOTH D T DR
&@m%%%%N%:&%E%K\K&W@?T@Z&ﬁﬂﬁmﬁﬁbnfék“%
FIOHAF (LIFOHERT) 1. MBS { Bt L. U T Y Y S g
NS CEABENRN E b, PR P DR BERRR & BEBRSEI R 45524 2
1D 2 WRITABUL S DTN BN, X 5120 IZd 4 DO ERAL I 1D e =300
1DTHLEBZ6NB1H™, TR EBLBEEERT S [T, OHD ]
RALRE DIERAEEZ 2 LB xh 5,

T 4 —BIVEBBEKERNDTTIZ DO TIE. Dec 5890 Pinson 5@, L5, /N 5®
NV — P FEABE E MBI & 0 KRBT TRE . T4 RED 9 RIT5H 16
ERTNS. SNOORBRIT. KIEFOERITITASEHBET b,k DINED
TINFOLOBEEERAF LT BREERLTE D, ERCRAVAC L FW i bacedo
I N/t BEU D OABSEBEERICBE NS - ENEREINEO, UL, 2
SEHEEBZEKRNDOTTINEE LLVERIC 1T 5 RO 39 EOHDBE 2>
WTHEHAHTH S,

PR N OOHBE ORI HULICIE L —FHiREtE (T LIFEE EF09) D5 <
Ao TED ., KIEEKBECOD, 303 EA ERE LAL VERELE R
T4 — BB ERIN TS, KAC KB M ToR% AT #EAL U7cEEERTlE,
OH & DENIREEDEIE K S DRIE TEB UBAMEAE T Uik, KA T DR
FETHRL AT 5 2 EDSRENTINBEO, Amold 5L E RS 4 —EILEE %
WCn-NT' 7 e MBS, BABNESS MPa FTLIFEEIC & 1) OHO 2 RITH AL,
KEIIL TS, 205 ORFIOHA AR BB IR D iz 15 b Bros%
ARUTOBED, 39 0FA T 5 M 51T 5 0HD B4z 5L YCREREEZ T
Be FIIPSI, DIF 4 =¥y Y U IZ B TOHECHD HRESIEE R &
:@%K&%ﬁﬁ??%&@%ﬁ%ﬁofwéo&6@\:ﬂ%@i?ﬁw%%@
B DZEADE T REDOEMITELBEL S 2 4R LTINS,

T EOHDEMRIZ DT I, #Ek. EH KRB THEOEENEE .
EHRMITTDORTNEE, P RAKSDERTIL. DS FRICSHDN - T
TREE., B, 79000 2 MR gER . OHEEIIRHEBIz BT
SUB L. TPHEOBBEOBAMEE R L%, BAER AT RIS 2 - EMEE S
MEINTNBEY, FEHBAROERIC BN TS . OHEEL. TEDNEET S
KFHLFERTRBICED Uy KEFES TBAMER > E0Ra Ty 3an,
ZhoDiERIT. EHETERAS IOCEEEBAA TROHN T TOLLBLED 1 >
THBZEERBLUTINVE, o TIOREREENI B ERTIE, KFEENIZ
TINFRELNREBO S RET ZRBICBT LTS, OHEE D E MR 1L 4 5T bk
BREMALLNZ EBRINTED . T DERIE E RIS T TR I i
WEIBICEDTOHA LTINS 2 E5RE LU 5057 P EDEREKEIZEBIT 2
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OH& 99 DRIRA, FEEHEEBERBICEOTHELTA0EMIONTIZEEDH 2
EZATHB,

AR T, FEEEEBAKICH T BT TOERBBRATEND 2 &4 BT,
SEEMEENICER LAEE, SETOHHBBAENDT T EOM% ., BkST,
IR ELIFERIC & D KRS 2 KT HE LT B, B8R, B2 DKBITHINT Live
SNTWRENT T LOHDFH AR —. RO KADEH - LTE., IEEEmRA
RICKIT BT EOHDOBURICDNTEEKST S,

6. 2. RBEELRERA®

6. 2. 1 ®EAE K6-1IKAENDTT LOHDEE 2 KITE LD 7=
HDWENFRERT o HIRITIINGYAGL —H (Continuum Powerlite 9010) DE 2
R T L7c 2% U —¥ (LAMDA PHYSIK SCANMATE 3E) 24/ U1z, #ul
Bl OHDQy8) & QuO)DEIEH. (1LOIEE N N, A22-X2 I B FERORER
RICEDE, 28391 mme Uiz, #IBI32.4x10° mm (0.3 cm™) TH B, Z DASHEEE
(s RFETEBAKEEZHOTOHOBIN AR Z FVRAIEORRIC L VRE LT, B
V=Y O 1133 ml/pulse TH 5,

BMDYY Y FYAIL U RIZE VBB U8 X 25mm. EX0.15mmdD & — M.
BBEERICRESINLT ) XL L DEAITHIT S KA T OME A RT3,
V—=HFOHNIE Y gy MEREML, 2o —F Y~ RONRRES I E— T
W ENS, V—FY— bO—BERBEICASHTEHICE—LZRT Y v ZIc kD
GEELS T4 bFAA—FT7UAIC& > TASERES R AEINE Uiz, #I5E L
1o Z DR E S IS B E R OB IE I ALV,

KEERL —F 2 — b LOOHD S DEHETTh & OBWIHRELEIL . ASEITS L
Eﬁ®ﬁﬁﬁ%ﬁ%?%oﬁ%mﬁfvyfoXA&@@ﬁ%@%ﬁ%?&Qﬂ
YERZT4ANGICEDBEEL, BEF— M A=V Vv F YT 24T GER
$F:71cmmm)ﬁ;ofﬁﬁbxamﬁXETﬁ%btoMMQMMAL
00N FOEIEEFHRET 5700, FOHES09 nm. 2EE113 mo/S Y R
INZT 4 IVE AT, T OWBBEI L, FOEE832 nm.y 2EMEIE.8 nm
DNV RIRZRT AT IR ORI, £, BESIESLR LRI b~ TS o
Wew, MEPRBEEOMEICNS &S0, BESKEEEBEBRS ~ 3.0 %DND
TANWTICEDWH LIz, A A=DAVF UV T 74 TDHF - MERAENSDH
FNERET B 701230nsic BT L,

BRI OERDSET LIBO0 535 mmk D FETH 5, SR&HEIT S ~
5 MOBEBREERRE Lich, DRIZFRTHEREZZOFTEEHLLDOTH S,

6. 2. 2 REBEEBLRBREY EBRIEAULABEETEHEEORET
23200 mmy R b0 — 7 H560mm. FEHEHAI4TTH B, BREESRILHE 2 196mmE X
AOmmD/ X —F BT H B, MRS EERE I ILE T MR S s S5m0
RAUT, SIS JUTBREIES R E IR P — IR o S0k 3, =gt
26— 1ITRT,

KIENDRETTREERL . ASHEEREEOT TR FRIC & 2 IREE4i03 .
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@ Cylindrical lenses

@ Slit

® Beam splitter

@ Prism

® Injector

® Rapid compression machine
@ Beam stopper

Band pass and ND filters
@ Doubling prism

© Lens
0 ‘ | @ Relay lens
" @ CCD camera

. /% @ @ Plano-convex lens

Gated image intensifier

® ND filter
Wavelength | 283.914 nm @® Photo-diode array
Linewidth 2.4x10° nm
Energy 5 mJ/pulse

B6—1 k#NYI EOHDREF 2 RITRHRILDI-H O|MBIFER
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#6—-1 EBREH

Surrounding conditions

Pressure 2.9 MPa
Temperature 760 K
Injection conditions
Nozzle | Orifice dia. : d, 0.15 mm
L/dy 4
Reference fuel; |Blend fuel; Polypropylene-
- Fuel n-CpHpet 22 %  |Ref. fuel: 90 %  |glycol: 100 %

n-Cy3Hyg: 54 %  |Polypropylene-
0-Ci4Hz9: 22 %  |glycol: 10 %

Injection duration : t;; 3.7 ms 3.0 ms
Inj. Pressure : APy, 55 MPa
Inj. amount : M; 12 mg

Heat release rate kJd/s

Apgnj = 55 MPa , My 12 mg

Injection duration

Blend fuel

200

100

~—~ Polypropylene
glycol

o

Time ms

K6 —2 HEBICHAUICBEOBE KK DETER
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KRBT A0HE T I ORI ETFE S T 5 fcd, BN IXEEREI DO
BT /E (n-CioHi6:22%,0-Ci3Hag:54% n-Cr4H30:22%) 1 B T10% D+ )77 ut” v/
- JD%JE&UEAEXM%E%\LO Fre. TTREENKENOOHASFHICER HE
HRNRDICHDIT, TITMIEAERE UL Y7 ot vy ja-pa gkl & UTRN
BE D KFENOHD TR HIT - 720 MEESH E1T12 mg TH— L7,

B AR A btn‘yjAmﬁ%Eiﬁﬁ%l X6 — 21Z/RT o HEMHITDE5DD
F— 5 OEEEE TS, 3770 V) ) I-hD B EBREE UTHWBAICIE. FK
BNITH09 msTH D BEREBERWIESEIZTEL, LML, BEFREER
BABEOBE I UH23 2P0, THIRENFEEETHL %DRDITHEYT %,

6. 3. HELEE

6. 3. 1 Fo4—EILUEENLSOLIFARY MILORIE T4 —EILKEDH
IZIZOHEIAMC & RIS PAHTE ERADILVEE Tl A I UHEEE R
DUEDNERET B, - T LIFTH SN IEGENOHN S DHILETH B 0ENETE
AT BBEND D, RE. PAHEORIIZ T 0 — RNV R TH D, 4 ASHLR
EZT oL THHNEERT IO L, OHRASHHEERICHRTH .. ASHLEE
0.1 nmT LB EHEIEAEFE UL, £ 2 TASIEHELTIEICRALICEA L LA
WIHED, KRNV — rELEDOSDHENAZART b}b%f’} soA—FItXoflEL
7oo FIEEEOD 545 mm FHOMLE TIT » 7o BREHTIEE V77 0k vo) Y a-w% .
EHTEFIZ APy= 55 MPaTH B, 6 — 31 RT R i %»%#F 0% 3DDAN
7 MIVF—F Ui bDTH 5,

B 6 — 3GMiE. KRILEBAKEZLIZLDBEELERITLD ?%Mltoa@ﬂ&wfﬁ%
(283.914 nm)iZ ASEERFH S B/ GEDHER T, 300~340 nmiTBNVEIEART b
IWVINBETE D, —hH. AFPREEEZHEREL V01 mE LIZBEADARS b

() #H 5 E 300~340 nma);z;«\7 FIVIRZEAEAOGRNTILN, ZTOZ ED D,
ASDLHE%283.914 nm& U7 BE1088 6415300~340 nmDEIE AT hid. OH
MSD(,L), (0,03 FOFNLTH S &%ﬁ{ CY

B6 —4i1cid, 99 REEMOEOEEREEBOICGSICLIFEICI VBN
KEEWSDANRT MV (FE) &, UV—FEZASF UENESGIIE S KEDOBFRL
ART MV (B) 25T, AR PR3 DOF—F A FEETH 5, BIEME
KRRV =P LT, OHD & DEIEPBRHATEETT L —H ASHUD K 4¢ ] B IR (R
O 685 mm, FOLHIN 515 mm)NTH S, “hehb s, V—FEAHNUICHEIT,
X 6 — 3 EREEEIZ300~340 il ANRY MUV TR, 33 REDH HEHER
RBAERWESICS . BANIZIZOEN S DENEETAHS/NETIRE SN BT &8
SBInd. —H KBEOHRRENZANRT MUEASB E, OHD OO HARFHERLINT S
AEES . LIFEIZED V—H Y — Mﬁi@m%@ﬁi’%&:ﬁﬁﬁmf% 5T EMGIn
%, £, TNSDARNRY MUITIE, 350 mPl LOBEEREEBIC, RY oLy
Y a—IVDGEITIRBEINTN - 12T S DBIREH AT MILIVEEIN S,
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AP = 55 MPa t =10 ms

Measurement point = 45 mm below nozzle tip

laser off resonance laser on resonance

B~
¥
i
T
i

Emission intensity A.U.

260 300 340 380 260 300 340 380
Wavelength nm

APinj = 55 MPa, tin; = 3.7 ms , fuel Polypropylene-glycol

z=45mm,r=0mm , t = 1.0 ms

6 —3 V¥ -ETOHDBEEEIZRA LI EEE)E LENEESE) DX
PO DFEFEIN I b
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=

< Laser on

Z1F

L0}

-

@

)

&

o »

o

K7

R

Ay v
0
250 300

0

Laser off

350 400250 300 350 400

Wavelength nm

APinj = 55 MPa, tin; = 3.7 ms, fuel reference fuel

z=85mm,r=-15mm, t= 3.7 ms

K6—-4 U—=¥—%ASULicHe () LLEWEE (B)
DRI S DFEHART P IV
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%%?oMM@mﬁ%mu-ﬁ®A%M®k&Ewmbm@%f%mmo:h@?
?mem%ﬁ%ﬂ%@@#%%bm5;5K\k&WK%%@?Tﬁ&&én\A
%%@TT&%%@&WC&%@E&\ﬁ&%&uwﬁy~b%®ﬁmﬁﬁiéi
?ﬁ%ﬁm&%%%mfmy?%%ux%&%ién%o:@%K\??ﬁ%ﬁu
;%%mﬁﬁﬁ%ﬁk%wtb\:nemﬁﬁﬁemuﬁﬁmk%Wﬁﬁmamf
%%T%:&m@ﬁfﬁéo%:f??@%&%%@i%tb\ﬁéﬁﬂ%mwto

6. 3. 3 ;'E'%#.‘&%MDBE%%%*JO)T?‘&OHOZ)I‘EJE%E]‘?E{E: K6—-6iz. &
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WELX T,

OH@@&%ﬁﬁfé&\TT&OW:&@K%ﬁﬁ&WéﬁWOH@ﬁ%ﬁV—ﬁ
AR FHE (Ehot~) K UBELTHIBEFLS0 2%, L. V=% AGH D
Eﬁ%mﬁmt%om@gmﬁ%u@MéhT$b\x%%ﬁé%cgﬁ5ow®$
ﬁ%ﬁmm%i%mfm%&%iém%oQT@6—7®@@%%%T%O

%Dﬁé%nm<%mﬁmmmm”Wﬁﬂxmﬁﬁﬁfééo~ﬁ\T?@%Dm
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fuel : O-solvent
APin; = 100 MPa , t; = 2.7 ms
t=28 ms

Distance from nozzle orifice mm

LIF of OH  Scattering of soot

BI6 —5 ZAEREREWIIEE O KKNOED & DEE) &
T S DEHEI(E) D R EF T LR
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Distance from nozzle orifice mm

- 85

fuel : Blend fuel

APinj = 55 MPa | tjnj = 3.7 ms , do = 0.15mm , Mf = 12 mg

35

HERRRE

60
60

85
85

HERERE

110

35

60
60

85

l

P

110
t

LIF images of OH

images of scattering from soot

2.0 ms 3.2 ms .

6—6 EOMEEHILIESDKENOHD S DEIE( L)

3 & DHCELIE( ) FIRFAT A L
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AR UTBE, NS, BEEO2RTHH (M4-6, 4-17) &,
FEOSBRITRUILKENERED 2R (B5—-4, 5—-5) EM6—-T%2E&bYE
T, TTOER BILIEITOWTEET S, T IIOHBREIMEWEZE K DHE
WS TRAEL, OHBEMEL KL LI, SARPEE BERERLEICLDZ
ONBEEEIMIERNSETT S, KREHBBTTTHRIEIRKRELS. £0DH,
KEEITEENZ & D 39 IIOHBEVNEVARNABABEINS. JITTTRE
RICEDREZOBEENELETIE, KEPLBAFEAINSHBTHE
T 3.

6. 3. 4 RYFOBPLIYTYI—ILOEBENREAHOTRIE  HEiC, T
TOEENKENOHDBHIZEZ AEEBERANLIH. R) oLy 7)) a—)b
DAHEBREELUTHEAL, 1BEAETTHEEXNITOKERNDOHD AL EFT -
Too COMREBAEBEOBEOTHMAER (KN6-6. K6 —-7) 2HEBELTK
£NDT I EOHDBGEAZERS 5, ~

B 6 — 8 IZKENOHSHDOBEMENERT . 9. KERLHEDOOHBEH
BORNEBATOA,. bk XN, BHUIMTOREEEERTIZ, k&
BBEIZDOAOHMNEE I N, BHELEHRETIX, KXALHLTOHBENEL ., F
CEIBIZIENFRIE R DOHNEE LT WEENEER IN S, ZH 5 DFMITESRE
WK EDOHD AN (K6—-6, K6 —7) IZBSUTWB I &80 %,

CDRRICKENDTTREBNEMNL LTS, OHDOZH D B KX ILEAL
DEUBNI &k, EBRARICBIEMEBRCES—HTS. #-T, FEEH
BREKELICBOTH, T 7T04EEKIEEOHPOR EIZL 53 TOBMILREIEES L
TEYD., TTORRYWELT I OEBRRICHEED., OHPOIZ & 5B LEE % LR 3
FHRTTTORENEE D, Vo AERI N/ HOHPLODEE DE U VEEIC
BRI EEGEICEML - HET A EEDNS,

6. 4. F&0

FHKEND2.9 MPal W ) BETOHEEEFKXNOOHEL T3 %, LIFEEH
PERELEEEIC L D FIBEC 2 RITE[ LT 5 C LIClTI Lz, Chick B Shicm
REUTITRY

1. OHIZ. BEON SBEORDHIME THRO A XEBEE, SBEINS, T3,
OHOAMAB L D Tk, ¢4 bLBON SEORDHIB00fETFiRH S OHFEESE
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'[/fct(l\o
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3. FEEEEBEARDOEIHHEETIE. BENISTTHENIRNISHE L. OHIZZ N %
WYL EHIZHHETH, TFTLOHIKIFEAEEFELL,
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ULIZ&D, H7 - 1ISHEEH EhEH A S ORISR ERIMI < .

. Injection
Liquid phase length N(j)zzle
=200 xdy _
. \_%j/ Breakup length < 20 x dg
OH forming % Liquid-droplets
région : Rich mixture cloud with

the scale of spray width

] Soot forming region -

Air .

entrainment small soot particles
high number density

Soot oxidation
region

T = 2200 - 2400 K
high concentration of OH

Soot growth region g
T = 2000 - 2100 K s~ 7
¢=07-10

large soot particles
low number density

K7-1 JEEEEBKEOHE
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F8A BEBURERICELZETEEENOBEER & REILER
(BT 58FR

A. 1. A=

WIEIIHBINT, BRBENEERREENOBREAIHILERIICRIT ST EN
TEN, COFEKRE U TRRBES EREER O KSEREENI T 5B EDEN
NefiXhic. AHB TR, EREEARBBEOAY—NRHBESHGEENKT S
—oSDERELT, BENOBREKHEROILRILEBRICER L, Ihiiing:
I & D EERNT LT 5.

PER, BEEESMOIFESEBBELHHT S 0D, IERBEEBEPEX 2 5k
INEERDBAEBITIC L D FANSNTE . Azetsud P PGilder & 2 IEIERBET 1 —
BIVBRIZ VU —HF—— MEEAST U Y — M EOBRBHER D & DEELEEHE L
7z, BODERIT, EEFHEEBICB ISR EHOSANREXE, FABNTH S
HERLTWS., S D (3OO EBELDRE L EEAREBICRRICEAT 55T,
EEEEENEANOREEHORRY Y 7 FHR % 2RTEEME LK. ROoDH
EREBIIEEONEHTHENRELAIELRLTWS. FAEOEREN, Gilder
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KA-1 T4 —-UYIEBOEREMN

Injection conditions
Nozzle orifice dia. : dy 0.20 mm |
Fuel I]-C13H28 ‘
Fuel temp. 293 K
Fuel dens. 760 kg/m’
Kinematic visc. of fuel 2.37 x 10° m?%s
Injection press. : Py 85 MPa
Injected fuel amount : m 12 mg
Injection duration : t;; 1.6 ms
Momentum flux at nozzle 5.34 kg'm/s*
Surrounding conditions
Surrounding gas N,
Pressure 1.5 MPa
Density 17 kg/m’
Kinematic visc. 1.04 x 10° m%s

£A-2 ESAEFONE LM

Width of slit : h 6.88 mm
Injection velocity : U 67.8 m/s
Velocity profile at nozzle Parabolic
Momentum flux at nozzle | 5.34 kgm/s?

Reynolds No. 415000
Normalized injection duration 15.8
Normalized time step 0.04
Stokes No. (S.M.D) 7.25(17.5 1t m)
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d=020 mm, Piz=85 MPa,ti =16 ms
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do = 0.2 mm, Pi = 85 MPa, tgho = 1.6 ms
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APinj = 100 MPa, tinj = 2.7 ms

do = 0.15 mm, Ms = 12 mg
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Distance from nozzle orifice mm
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z=95mm,r = 10 mm

Cross-correlation
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Distance from nozzle orifice mm

XC—4

fuel : Blend fuel
APjnj =55 MPa , do =015 mm,t =32 ms
Incident laser

Original images intensity profile
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