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1.1 AHEONR

EHEMRBEIIENIILA<AVWSRTEDY, T X )VF—RBEOHADPLH, &
DENEIPDV )=V RRRETOBEREDI AR RTHS. 20O, EFE
W EHBEP ML, BHENFELREMBOBEGREZ RENICERTZZ LD
DETHY, ThDPEBRLUTUI LD TEZBAROAEEIRZ 2 ETIVORBEDN
AlfeL 72 5.

BfE, TENICHVWONIBH AL, SEIER, RiEREor vy b >
Vo, HAZ—EUBBRBRIIRRINZEEG»S, T —EIVHEED LS 2
EEELBE T, FOIHERIIZRIZORE > TWBEED, HERRE 2 S50 fH
RIS RIE L, REBELIT2&EdI0, EREDREEE IS LTHRES
B30, WD OPEFREORBIKETHS.

TEFZHICE D &, K 1-1ISRT LD ICHERRENL, EHERIC X 2 ki,
FIFZER E DRE, &F, LW BREE2ES. 22T, 2 60FERIT
FRZENICMTZ UEBRETCER L, BWCEHICREELZRIFLD S . (RO
FRICBWTE, ZOLI>RREOEMZ 2B ORI 572010, FBRICEZE
N2RE225ICHMELTHEL, ZhZhOEBHNEZZ2 IR TEIELD
FERFICODWTEEPMAOSNTE .

AR ORI EI LTI, HADSRMEREICE LTS L OMEL2 X
N, RETIIEBERANBRNOERELREERINTNWAD, F/-) 575
BATEROCBAREDPEBRRICES I 2B IIODVTHMEIEDLATH
DO il - IESGSVDOHFRICRBINIEBORESHDOERR LI
THOMECHDHREFE TCIBEZRS5NS. L L, £ETOEFHROMKLEHE
BRI A FRIIVWEEREILITOHRL.

WRALDDH IR I N B EFZ L ARER L DRAE, EWHEOEH RN FO
SEOBEE UTHhbh, S P {OMEMBITTONTE =, 1E, KT
DOHIKEIBNRICER LRSS EOPRSNE D, @F, KFHSI2)NVEITDO



7 A7 —)V(Kolmogorov microscale)& b & R EW & Eik, 2 FEEERTICRHS
N3 EDRACYEDONEICL 2HEHL Db, ARBEOHEFBICLIKF
DA BDP LI TH D & 2N 5. Brown & Roshoko® T AMNEGBICBIT S E
BRI ZE D & , KIEBEAE #ifE 3E (large-scale structures) 2 & o T B HIH A B (free
shear flow) SR DI 5N 5 Z L 2GR L, Crowe 5CNIRFORNIIH T 238
WMERTIEREE UT, RhORRERZEEIIN T DR FORMERE OIS S,
Stokes #{(Stokes number)Z EFH L7z, HE, TOHABEHILLFZDHLN TV S.
Kenning & Crowe® N, & 52 FORMICL 2HENBFOENDERKB L UWH
WaERTIEFEE UT, KFELENDOESD X T — )V (Integral length scale)D Lt & A
WRRIT 21T o 7=. £7%, Baton®5I3E %, BRI OR FICIZBRKIZE
9" 5 (preferential concentration)fEADME < Z & ZIEH L T\ 5. T 5 ELIRIE &KL
F, BLUCKRTFEOHETHOMEL, EAREEPICBONTUL, RAHFER
DIFERF AT BT 5 KB & AR & OMEFHER B K UEFZ O #
ZEL LTHAELSTH, Zho BAREEBRICOEERZEL, BRI IEF X
REFEAL TEERBE ZTRT.

BEHFOEFBERRICDONTIE, REREGED S DRHASHEOL BLERE LU E
FHZEREDREBICLIBREIDOEFEEIBELIND. I HITEE, WiEE
ELTORDPEBVNDERONFRIZED LIFH5NTNE D, WEEZ+7 8
BiZEhTunin., REBR IREGEJOEIERICERICERL, TO®D
MBEERICHE I DI Lh s, HETHEHBAEBEL LTIIRNRERSZ L
DN, PERE TIITOREFEIODVWTREBEETHRLTWLZEEL, &
CTIEARBLUBBREZ SAZEGREESR BT 2R (review) Z 83K
B DB . B PWETI DRI, B DOV TIL Law®? > Annamalai and
Ryan®Z5 U <, Sirignano® X SR EH S H T OMiES L UHMTEEF O T & AL
B U CEHMREREZIT>TVWS. 2 Unemura®ME F# 9 2 @O,
PRIE & W R % AU CREMT U, Faeth®*?, Williams®?, Chigier* 5 ixZhZh
EFERFEERICN T 2BHEZTOTND.

EHRTHFE LT HDIE, HBARPIIBIT 2BEREE ORREHTH
b, FOBEBRREEHTLREAEP ST DL, HEOEREL L UHLEE
BICEBLELDOTHD. 2FH, K11 RIS NLIERBRBEFICL D L,
A3k, ELNCHEBROERICL > THMIL L TV 2EBREBROLP1 S, W
LB OEE O RBROL EZBOBRRL , BRERB X UREEERE, T
kbbb, BEXROEBENEELBALALAADZIHDTHS. UUTTE, F
TCOHBIIETHAINETCOMELDODNTRBN, S SICKFRDABEDIT &
BB LR @wmS O Z R LTS,



1.2 $ERDOME
1.2.1 MEHAABEICET 2MROSE

M RSB AR, KRS B & 1)EERKIRNT, 2)HR - BUEr 7
¥, 3)EHAIFEORE - #H, O=2IZ4F 505, ZHSIREWCHEER#TER
BiRICH 2. Thbb, ERIZIIRASDPOFEIFEOEABTARTHD ,
WEE L0 ERE - SEBRETIRZ, RO MaBLUXho—2
ZROD-HIZ LY BERETREMOREK - BRAMNERINS. ZLTHESH
7= EERWARIX D S 7= KBRS (model) & UTHUEMITEF WICHAATINS .
—7, Hi - FEBFICBWTIE, ERTIEIBELIABRWHM2HKETH #
MiMBRETBHRIEDAETHD, HRETIHRELDOH S -2 - IRZRET.
F Al N ERT -V IIBERNTEREB S LEDLIND DT, ERT —
Y DIEFEMZBRT S LTCHAERCET 2B IS EERD. ZOBKTIE,
AL L BUEMRIT O E-EBEICELYH > TV E. ThHDZ L 2BFEL, U
TCE, fEkETITIThbh ZEERBERFRICE L iR Tn L.

WA D S ERBEF TS D AR T Lewis and von Elbe @ ZEIECS ) 72 & TNZ Barnett
and Hibbard DB ENIEHN I N TV 3. EHEREEFFZOF T EEMREEICBId
LMFICH D, ZhdSEHET RO ERBRNE LU RN - BUERITHIHE,
IMTSEHRIEIRE , W RRMFEHOMREERE 5V > J, FREBEFOMREE
EER, WRUEZOMBEERY T5) 0V, NAREBKEOERREERE X
UBUEBBTICD 28, CWIHOBFTRELTERZEWVWZ Y. ZhzFhid
RELHELEDHOSNTED, PO BEWIMHAEGENRERICH S.

1.2.2 HEB I THESIOMRGEICE T 2%

BB BT 2MRIVWETHFERICED SN TS . Williams“D F &
IZPEZ I, B—ERBREERIIBHEORFOFEICILD VEZALEKERA WS A
%, QRREIE, R THRECAHEINS. TERE, EABCBIT 5 ARERD
L 2BIT 5D MNENBRBEICBIIZ2ERIITONT NS, & - MR
MHIBELHBERINTED, HFENBORBZEZERLEZDOHHZP. Zhb
WIS DOEFRE, BB LURBEE Vo HEBRICEW L TR ERDN
BRARPSOREERAAZDIDTHS. BE, LL<ZFTANSNTWAHFED
P - BIRET VI, B—EO#ER - IMEERERD 518 &5 iz & Bll(d-square law)
EFNDH B, THITMFEE d ORBETGIXZAFBIRE, S PERICEHD L,
HRBRTBEWSIETNTHD, RATERZIhS.

& —d} =KAt (1.1)
CZT, d,3VHEER, A EBARETH D, K XHMEOREICL > T,
ARFEEHICHORREEERICHEEMZIONDS. COEFTNVEIE—HHED



BBEEBERE L —HT 5D, HEOEZBRERICBI 2 M@EEOTSBEAM
2, WHABZEETORNETJOEREAREPBTRINTVRN. 20D,
Law® 5 1 AT BEASEFEADEShTWa I L 2R L TW5.

HERgE L EHERREEOR S DL LTHETI Z AW KRR O BZ <fTb N
TWb. Zho60NThyH, BEEOREHEOTHMERICER LEMET
HH, WMEERCMAELEERE, & 5ICHEOERNEERSICE U TERIMI
BERTNBC0, JEFIc BT 2558 - BRI, BROBEOENEITERD
s, HEREES TORT - MBEE L B U - IEfR 8 (correction factor) 2
A UFHEDS LIELIZAWS 1300, L L, fIERBOME I MEEC
5, SSICHMMOEHNEBICL>TELT 22 e fEanTdh, EH
EHERBEIZICB VT, HEORLRZMHEIR L RERCEEZLE VRV E
ELTWAZ L EERT DL, WHFIRBEEEHERLEL OBIC IR Y BEE
THENDTHEFER.

123 MWERK (FRAWESR) BLUBERHEEZOMRPEICBET 2HH%

oD &S 7 B - TR CIIER T E RVWEZEKRE A OBE, TR
bbb, BEOKESFCREE OZFMEK - RENTY—MH2EERT 5201,
BER (FRAEE) OPNRRESE, BLJUEREESI AV D.

Burgoyne & Cohen® IMEFEHRD FIIREB AR GITEENICB LI TEEZH
REBEHIZ, 7 bF VY 2 (Tetalin, C, H,,)D¥—HZMFEFHLZINEN > ZEA
BTIE, WMl 2 EACGETIAREERNICHERE L. ZOBR, K
£ 10pm U TOMBHIISERHOFREE[ L ARORBELELZ L D, KED
40um LA EIZ72 2 &M@ HE 2 ICHRBE L T, TEFRRNRAREEDPLED, 10~
40um OMFHHCIITMEDORELEHREEET L 2REL TS, k=, /)
IR L IKE 5698 Burgoyne b L RAIBRDERH %, L b REFEHEHEZHLIT TV,
HAGRITEREDDEEEEDL S, HELCLI>THEKIIWEZD XTOXRRED
ESZEh, KREIEOEFMEDENERS>THENTL D LE@mIITTNS.
LPL, WIFhOERIEFRPTORITKEOEEITE LTI, mIHRHEE
(visible bands)iZ 3513 % B $% 5 B (direct photograph) 3 & U 5 E (shadowgraph) % F
WEBIRICESWTED, RERBRBEBZRETCETNEIDE D POV TE
THEETHL, LOFMARBEEILEELIND.

7=, Ballal & Lefebvre® d RO ERZ M/NEHRET TITW, 775
(iso-octane, CgH ), 7 4 — )V ifi(diesel oil), Ei(heavy oil)DZNZNITDNT
MEEEERZEBH LT3, L LRESINEZERAICK, MESHCETE R
BEORENERINTLWRVWRFORBESRIERINTWS.

EHNKRDORBEEEL, % < DFEBICL > TEHAIDBITDOR TN B, K&



566N T, MEMLOTT Lzl z 2[R ICFES @ e AREROFE
#Z(Slip velocity)&Z T Z 2T MZ - HRTH S5 FIRAEB ZHRBEMRICEA
L, FIRAMER KXALFIROEE ZREFEHINICEREL, RPTORREEE 25
H' LT\ 5. Polymeropoulos & Das®™ & [EI#kIC FIRGEFE 2 ALV, HFEODOFIRN
FEOEIZ L D REFEEDBEVIZOVWTEREZMA TS, Z DR, MRgeE
ENBAER L BMELEEL DD EETRL, BLOEREIZHE SO TAENE
BEEL, FRAMNBAEDPERINIBRFEEHE L. FRABEEX, MK
LBEMPTTL, MFELAAZROEEENMISNTNE I L5, EFEK
KO DOEBORELREHZ2BERTZOICHLTE Y, Z0®%, P ST INIEHKD
FIEAHERE CTHRE & U THAT Hi(kerosene) & 710 /% > (propane, C,H,) &AWz &
TIRBE KK T OMBERE & KEBEIC OV THFMRBREITO>TWS.

LDPL, WIFhOERNIAFICBNTS, HFAKOREEE BB IR
Wb TED, ZOEHIFRIATWRN. JDZ LiL, BEHEHRHE -
RN — B E2 L2 PO EZ LT+ THD, BEREOEH)
ERREEEOEBE2HDE CHATILEDDH D, I5IC, BEAXKPIFR
BHIRBE VLB IR E L TWB I 2ERIHILEDIHH BN
5. CCTOFRAGMREELE, BEPTCOAREIEIREZEZI LTED, FiiE
BHAKKPTCORRGIERFERNICIET, TOXIIRRTE2HDTH 5.
—7%, WLEBEIREEE L, HRILBARKICR6N 5 L5 2PEB L ERENLED
TR ERIZRJELEOLTHY, BEARPIIBVWTUIRBEIB LU
ROWBBRED AL L 2MBREEEEKR LTV S,

i - BUERIT O EIZB W T, Williams 5ODMEE XKD FRIT—H 2 ERE
L, EHRSDTOFREN 2 KEEIE L ME % D i EE T O sUkge % A A
NEETNWVERELTCWS., bbb, R12XRT L5, ABBEBETEMS
NEMHNAEAIIBRRELESGLTTFESRE R D, 3 EHRBE (homogeneous
combustion)lf T/RIHT 5. & T THEMBEE &1, MRPERIGDME < D g & X B
B <ETTHHEE, 2, BLOMBFIRBEIORGRE UTRSES
FITHh, BRBORBEIDEABHOBRLEASLT, HERFRALKEE
L, BT H2HEBEBKRLTNWS. ZOBKT, HEMRBEEIXEZ KARPIC
B2 PR RBEAHZRBFALTCWEENZS. ZIT, BERHOESR
MDBEREICEL, BIFERI+L/INIVGESICE, BEBLUBELOREZ
RIGHEIBICET 2 TICRTT 218, HERBRIEBAKRBEEXETS
EilRb. TbbIDGE, EEMRBETH D 2d 6 [UEREE L BlOKE %
EBZLilihd. BB THH, NEARMEEEZEE AW EZERNIAROS M, &
DEIBRKEKEMNFL LTINS, LI LEE, HEOERBBLUBRLOES
&, HMEPRIGHEBICET 2 ETCICRETLTUIVWRN. 20D, BEOTET



Uiz r o =4 O, DB REESICEE L E KR, WA BT % 4
Wi DS B2 ICHRBET 2. 2D &5 il 2 DREE 9 2 sRIE X T B AR
(heterogeneous combustion)id & FHEN T\ 5 .. EBEOEFZF KK T, FRSH
Rt 2 A T2 MBI L BN 26 4 2 THERBEEPEEFELTED,
Rif - RIS EFEREOLTT LED Y HWRD S, ZORBERMEZELE ¥
TWBEEZDONRYTHD. BHREAKPIZZDOL D B D ER LMK
EBOAHEFEL TV SR ETIE, BELXOMRBEERED ST I N SREEYRMEI SR
BR2ETTHY, ZORHF DR LA ANT-EEREE T T IIVOBED
DBEAARTHD. ZORPHEZD L, Crowe™HIC K> TIRIBSh, B,
W FERRBERRAT IZ IS < AV S TN B PSTcell E7)VIE, DM~ DEFDHIC
EHLTHEY, T+ THE2EVWDIBE LR,

LDL, ZOXDREFNRBEEDZHIE (2 I TIIIIERKE L THIEMEE
ERNATRENIEK) ICET2ERNAMRIIEDHTLRN. THhITETF X
RIEREHE—HFETH 2720, REHAPRETCHZLINTELILICER
T2, 52, KAMREBATORRIDTHICEMETH D, ERVIAEICH
WTIE, KEEBEDFERZTILUENC, YOX3IThiE, ERARESATD
EFEAXEEZBRS e HEL, BENRERLIZDD, EWVWOHE
DPRAEINTWEZEZDTHS. ZORBEO—2H, GidkD L SITKELIC X
STHAINW:FERERZCHS. LHIrL, PEAEBARIIBNWTIEAKRKLIX
EFELTHELT, TOLZOFMRAXBEOBRENZR LI HICEADRN. £
T, BHAXRBEOMEB X UFHLRBERICET 2EBRNF L LT, HER
BED, PO KESICE > THEBREMRICIO AhShE=0, LirL, 4
REDEHRI BT DRI b & KEHEE DM 2B T S BFEICIE L o 2.

ZOEROL —YEAIBZMOBERERICL D, BETIIEF KAHEEDHHS
PICEINDODHB. 2P THAIME K v 75 K(phase-Doppler technique) Iz L b,
P ERITT 2MEOFEE D K CREFICET 25 AIRMDRESL I, EFN
Hif&(laser tomography)®D a[fR{L > L — Y A8 YK (laser induced fluorescence) HS
BHEKKICEAINDLSICR>THSET™, HAKREBFBOHRS5T, HHK
REBARICBONTHZ S OEBRNHAR DB/ SN TN ZT,

X FRIETE & W = EBREIFZE L U T, Chen & Gomez® *9D 1T - /= —#DHH
EBEIT S50 S. Chen & Gomez IXFHFERNZMA LT, AL DEYKEE
IR LIEDTELIBEEBZIZAL®, NT% > (heptane, C,H, )HTE —
BROFPRAEBEBRERICNAI T TRBII NI NAFESZ KKIZDOWTL
MEy 7S50 270, BERERMIVTERET>E. ZOHEE, KFE
RRETHE, NTH UEBIANRCEET HRICARETT T 50KKEH
<, FBZEL, [UFRBELRAROBREEHZ R L. —F, SHEREALT



ISHED K BB EROGFET D280, REBRIZBOTITTOREIILZEE
DENWKENBEINEZLE LTINS, COmMFEDBNL, FIREHIHEE S I
BEEBEDEWTH 5 LEIREN 5.

Li 50 [E U < MNaRERE = A IERBER E B 0 2 W2 D&M T
itk w 7S EZEA L, ERERCBIEETERZEB LTS, 2512 L
& Williams®UIHAG Y £ 1.6~3.0 & W D18 A 4/ — )l (methanol, CH,0H)—
TRDFPRGEFEREZEQRE ARSI TR LEEZAKEHICBNT, FiR
BHIKE IR BIKAEDERIIIBRE I NI EEZHREL WS, ZhEK5S
|d 8 75 8 K K (spray two-stage flame) ¥ A TH D, FEAKKBIIREHEG TR —
MEIZIER SN D, —/f, IEAKRIIHELYEHPERAITHREINTNS
EDS,HAELRFENCEM I NS .2 DL S RIEE A KO ZERHEIEIT, Continillo
& Sirignano® N2 L > T, AR5 QBUEMITHRE L THREINTED, 5
&A% > (n-octane, CH, )& HEIRDZERD 5 722 FIRAEFZ R & BIRDEKG
WCE>TRENLINANAREZBARIIBNT, —EAKBEDPRNEZZ L%
B L TW\WD. Z0DH%, Gutheil & Sirignano® X [ARMREEIR FTIC BV TOESE, 6
FIZITDON TV RIGENFEHEC & A A A BAERENT 24TV, Chen &
Gomez H®IDEBRHFER LWL, PIEVERICEFALEPTO_ERLEES
WELTWD . EFE B K AHEEICE U T, ERBIIE S K5 % BV /= Stepowski
LONDERTHEHEINTNS.

Stepowski 57N, FEEI —HEEHRFICL > TEREINDZINDEAY /) —)
(methanol, CH,OH)E & A 4D K LHERIZ BT DR KEE Z N, k&P D OH &
PHNGEERL-YBRENEEZHOTHELL., Z0ER, X¥/—-LDLD
TR R D & B TR KEUAE RS & (large-scale structure)lZ & 2 J&] FZE &R
DA (entrainment) BZEH F L2 > T3 T L 2R L, BHRE AKIIAE
RRENBRKRPEIRD _ERREEEETHI 2R LEO,

— 77, Greenberg 5 %19 | BJEMRKE & NEREHEHAEDLE -EER
BMETNWVEREL, WO ORET I2EFRE Y 5 X FIREMNT F % (sectional
approach)!? & HHE T, ZHHOBHRFECEZ P TCOAKEIIEHZEE L
TW3. ZOHT, WEIRHEIDFREER E UTREET 2 98B % JE
BICEVWHDLREL, SARNREESESURRE BEREL L THhDOREIC 8
ROPFEET DHEAIIE, BREKICEE -RIST 2L LTETIVEHELTVS.
ZDY, FFRGERIMEOE KBEEDEZIAICLI>TRELERBZIEDF
BEhs. Wi@EOE/ERE, NESARBLVUSHIENHREDEZ S DEER
FEHEBICBERIT2-DEMTH D, INFETEHLDOER - BITHIHEITD
NTNBE0, HEFRIO LT L UIEAWS N MEDOEKDOHIERLEL L
Tid Law 57DRE L TWSFE KY 17 5 #(ignition Damkohler number)E€ 7 )V



BHD. TNLMHEOEHLAEHPSBFEROB I 2EMNEERMBEEZFRET D E
FNTHD. LPLIDEFTIICE, WHEHERO T ERREIEIEZERINT
BoT, SBEURMPLEEEDIS.

55 KA E & PIRAHKSE A RDOHEEFELE LTS LREOFEICH
LT, M@fte UCOMBEESNCEH LD Chiu 503°9TH 5. l@Eire L
TOIRDBNTER - BITOHAFHICBWVTEICE RO LB ZIGEI LR b
S5HELEBEPMISNT VRS-,

Chiu 5iF WM VWO BLEERIRIBL, H—KEOMED 57 5K
OMEEE (7 2285 —) ICDOWTREITEITV, M@ TORBAZKD
FER BN ANOBRROILEEEDIL Y UTERINDEERBER G ICX
ST, K13 ICRENdLD%k, DEEREE, 2)NEERABE, 3)IEBEEMEE, 4)
MERIRBE, D4 DDREIRDMBILEBICAE LUz, T2 TR G IZRATE
FEINTN5S.

G = 1.5Le(140.276ScRe")n(d/L) (1.2)
ZZT, Le (=Sc/PHIINVA ZET PriZZERD 72 > FIVEL, Sc 3SR — 28
[EDT 2 Iy M, Re IHWEERER) v 7HEEEZHAWEZL A XV, n,
XMTEREICE E NS MERE, 3R MEER, LIXFEEmmEkEsgTcH 5.

C DL DO EE)NCEI LTI, Rangel & Continillo"*®%>, Bellan &
Harstad*> "' 973, EL¥EME & i & O BERH 2 EaRK B D i, Wiids o X%
—DERRE B ES E OBREZRLU LD ATV S, F = EERIIMFEE L
TlX, Driscoll & Pelaccio VHOERM KK EZAL, KK ERETIXEREDR
IoTNBRIEeERELTNWS. £7z Allen & Hanson"'2E 74 > (n-heptane,
CH, EFE kKD OH BLU CH 2 ¥ h VA% 2 FE L —Y —FR a0tk
(PLIFZ AW Ca b U, KEFIREICENT, MEEE2E D B L 5 IR
JGREIEDSEE L, BRBEDOERZ L > TW\WBZ & %&R L=, Stepowski 50 [F
BRIC PLIF RIS K D A% ) —)VIBEFEKLHD OH S A )NVHHEETEIL, kKL
FWEBICBWTIT @R D TR IR o2 LTS,

Chen & Gomez"'> " NISEIZIBR-FEEZ 2 AW CHEEREOANTSY Vg
REFBBIEEERL, EFEENGEMNENGTEREZITO>TWS. ZOHBR,
IR _EREBICA BRI, ZOTRMBICHIBRIEDSEEL L, BEREEEE
IOoTWRNWIZ ERELTWS.

—7, B SSNNT FREEZEXALH T OMBEHMREREE 2, HFENEHAF
EEAWTHMICERE L, WMEEREREZII U O TERNICEE T2 LT
UK. ZOHT, HRGEERS OB, REZTV, FREABEFEXLPTHE,
PEREERBE D & SNEREERIRIC B I 5 FICH D2 C 2R Lz, COFRRSDHE
R %217 C, Chiu S5ONIHIEFRBEOSBICHRBZHE L, H2REREM,
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% 2-1 PDA XFEZRODLHE

Transmitting optics:

Wavelength of laser beam 514.5 nm
Initial diameter of laser beam 1.34 mm
Focal length of front lens 500 mm
Beam separation 51.5 mm
Spot diameter 244.8 um
Fringe spacing 5.0 um
Fringe number 49
Receiving optics:
0ff axis angle 63 degree
Focal length of receiving optics 310 mm
Width of spatial filter 100 pm
Range: Maximum diameter 254.0 pm
Maximum velocity 1.5 m/s
Minimum velocity -0.5 m/s
Bandwidth of signal processor 0.4 MHz
Frequency shift 40 MHz
Sampling time 100 S
Ar+ laser

PDA transmitter

PDA receiver

Oscilloscope

Signal

processor

=

Personal computer

2-1 EREEOBIR
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H mm

PDA transmitter I
or receiver L Bunsen burner

2-2 N—FBEAM

Support
Pt/Pt-13%Rh wire (0.5 mm diam.)

Thermocouple
Pt/Pt-13%Rh wire (0.025 mm diam.)

‘ 10 #
Al203 Al203 tube

2-3 EAEXSEIR DG

Pre-amplifier Compensator Low-pass filter

r =
Personal  A/D
.- Bunsen burner computer  converter

2-4 WmEERIE R
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transmitter
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Burner PDA receiver
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PDA receiver

Laser trap plate
Polystyrene particle ﬁ o

PDA transmitter

CCD camera
CCD image
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538 HEFEAZNETO—TD
SZERA M REETL i

3.1 ¥E

EFARIRME_HRETH b, RGHDVRETHZLanTER. 20
REREHE, HEOME XL VABENOCHERHREOEMA T DT DE
ALGELL, B2 HEHEOEEMEPMEN LICRELTW3.

FEPHRBRSC L, FEABEBAROMMEEZHD=HIC, KEHDOF
FREIED S5 D OH 5 P HIVEEY, CH/NY RORNES, G —8ELES
%, MEALREHHER 70— 2HAWCEREILE. LirL, SFHE 70—
REDEMA T O -7, BREGZEATENDH S, X -EFWEGSTAR
Db L —HEHHIEMr & FRFHCAVWAORE L W R EDRED BITFoh5. #
CCIEEAETRI ORI RE R A FHNICRE 2 HIR L =2 70— (LT TR
ARNTO—TERT D) PREERD.

KEHBPOBFTHAED S ORBAE AT, L — Y FF & 8H K (Laser Induced
Fluorescence) %™ L —H Wi /@8 (Laser tomography)ik®, fifl K v 7' % (Phase
Doppler Anemometry)®, RED 7O —TH2NBIGIZAN T HEHAEL TR R D,
ZHWIESERHTZ2IED 5, IANERICKZEHFTBOK L AADE
Beied. REFAERIBOTHE, RERLDHIALV XL EYF—)V2H
WEEL Y XIHZRODPLES NS TS Y, BL U XIRZRTIX, SHIEE
I & > TERMBHED % UL (chromatic aberration) D ERE®, L > XOWfl &
A2 3838 U 7= 81 & o TERGIEDZE D % BRI 2 (spherical aberration) R 8
DBHOLD, BEFEEDSDLHEEICOEIREAORE L WS ATHEDKS.

ZIT, EMSORMESE L MEREHEAGDE, K7 7A NI DENXT S
N7V UBZFA (Multi-color Integrated Cassegrain Receiving Optics, MICRO) %
FREL, XREMEZ AWM zITo 2. HET LV UHFERIIDODVTH,
kaurenenn 55> Nyegen & Paul®lZ & > TLHEOEIGO FREHAICEHE I Wi
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FIDHE XN TS . MICRO IXBATHEED S DRENEFRDZHDZHAFER L

LTCHREINTHED, BRSO DFBTDOER, H5S7-ICBEFR L= MICRO X,

1) BIREIRWEHERERERDOERAMMEDF LU

2) MEEL WEEEZEESET A LICL D RERERIFIFBHETEI LD
T&?

3) 7 FPANBHVNTCWSOBRBICHEREETRLLTE S

4) EXEHHFEICEND

REDREEE TR EMNRENE. LPL, BRSO DIT 5 7= HEREHEEIX

BEREEZAWEY 2L - a vy Thh, ERNICEBEED S OREHE

DBA[RETH B D EIDPEFARDILENDH S.

ZZTC, AERTIEH S =ICBR L /- MICRO OEBRIMEFMEZTS>Z & %
B, ETBRIICERTFEAT VBV AKZNE L UEERERZTV, RNT,
LR FBEEKKIZEA L, MICRO TSI/ 0H 5V H)V BRI L HERE
WEB2A4 AL EBRIEFLOHEZITo . T 512, MICRO 2 FIERAEFBKRIC
AL, UaiiCAWShTWEMAORTHRIR 70— 7T/ o iz KEFENE
EBLottEgEiTo/=.

3.2 Multi-color Integrated Cassegrain Receiving Optics(MICRO)D A,

X 3-1, X 3-2 IZRERICH W /= MICRO DBIBROEER L UL Z 79 . MICRO
DHFEBIZOW T XBVIZERIN TS, K 3-1 KREIhd LI,
MICRO iXMESEB L CNHEB L X7 7 A N SBREIhTEB Y, #EOHBEL »
ARHEZRCHBELINZ2BNEOREEZMEE L, REWREIZ DODWTHERIIT
25 & BEbREDSBE TS, 2B, AEETH /= MICRO OM4iEi#E D
SEMRMEF COMEEEE 300mm TH b, EEHLE, ZOFERED MICRO OEEIE
B (working distance)lZfH¥4 "5 .

FIE G D S ORI MESE & MEEIC K b RESh, I7EF 200um DYE7
AN —T) (ZHEERK, ST-U200D-SY, NA=0.2) IZX->TENXXNE,
X 3-3 ICRTHEEDE - RHEAEEIPND. TIT, KT 7ANT—TNIZIE
KBFEHOBREGHZERL T, EABLUCTHEZEREOD DEHWE., ¥
EABSHRTIX, 774 NRED SHHEIAEXBIVA—FT 2 VLU X (=
ZFEM, DISHL-S * F, f=10mm) X > TETHICZh, 2HOF A o4 v
DIZ—ICLOEESBINS.

CDEDIIHT7ANEFAHATEIILOMRAL LTH,

1) SR EEELE - RER2 28752 T, ZEREERDOHARAN
— 2D S, REROBREB LURABLREORMESEDI R LT S.
2) WENEE - RIBEAIONT 7 (/3% He-Ne L —HREDAIFNATRE R L,
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77 A NIREC KR AR LTS I & T, MICRORBIAICHAZ I 5 RIER
BeBRRafbe 2l eNTES.
mEMNETOND, BT, 2) oW, EFREhDHEFBEIRHREICLS
BNEOHIZ, OH 2 VAN EDENES, BE, $EAKL —F 2RV D
FEEEhTWS CO,REDFIMFEL WO EBILEVWRENRETERET 2D, *#
FROWABICH I ERIET S.

RS - RHBTOMHKERIE, EROBNICI>TEEARETH . 2
CTCI,BRBILVEAARFEE T B ALK ERRE LEERIZBWTIZOH S
SANVBREADHAERHL, FREEBALEZRNRL LEERICBNTIE, OH
STUANWVEREN, CH/N ROFNF L THIED SO I —/ELEZBRICER-HE L
7=. BRXESOYEHMEKIZOVWTIE, B4ETHBRLTWS. SFEEDO S
BZIZS 1204 v I5—DM, & DM, BLUKXRFHEHE 7 1 VI —F (FLEE,
AEIRIE OH /N> REEYCH D 308.5nm & 18nm, CH /¥ REEYEHHS 430.5nm &
1.0nm, I —EELEAMD514.50m & 1.0nm T, F4L R OH, CH, MS TETR) %
B, 2EEOSHEITHEFHEEE PM (EBRAFR =2 X, R106UH) &>
THRHEEIh?. REFHEEIPSOBHESIE I/V £#28 (NF Electronics
Instruments, Model L1-76) (C X D EEESICEBIh, BIED VWV 7 U 7 THEE
Xhd. #FLTO—/3X 7 1 )Y — (NF ELECTRONIC, FV-665) THE®K ./ 1
XEBREINEE, AD 32 /)3—% (Elmec, EC-2390) {2 X D 12bit DF 14 &)V
getEah, N—vF)arEa—4 (NEC, PC9801-VX) ICEhAFhD.

3.3 BRFPEET B RERAWERIE

MICRO OMREFHII 21T BRIC, ETBRFESG 7 U AKEZHWEERE
Fo7. EERIZITIAE 13mm, AMELI6mm DT > ¥ NN—F Z2FEAL, BRI
TonNrvERWE. EREMHT, ¥EH 1.2, J VO EIT 5 YRS
1.5m/s (Re=1300) IZERE L, BRFEEKKRELHR L=, EERIZ, MICRO D#
EEEPRLOEN—FFR— PS5 LA 10mm OMBIZEREL, 7oE¥ NN —F %
MICROIZ[A D> T, Hitg, EAICMIN—XTBILICE>TT V¥ AEA
DOHZYANERNEZHA L, BEMEE I N2 KB > FHEEISDRK
DEEIREZFR, MICRO DZERAMREEIZ DWW THKRIEEIT > 7=.

X34, K 3-5i27 ¥ kg% MICROIZR LT, EABIUEIHRICH SN
—ZLTHELNETUEUALKA OH 7 ¥ hIVERNKE DR EF A FET
7. ERICAWEBRFEAY VLU ARORIGHEEIX, BRICK S /N—F
UG &R ZHEINZ Smm DEEICH -2 &h 5, FKFIZK 3-4 DIFE, T4adb
b, N—FEZ2ELIZFINN—X LEBRICIRBEBOE—7 BRI iRHIh
TWaZehbhs. UL, RIGHEBI > TWERWET O OEITTIZHB W

44



TH OH IV HIEHBHNETIMBEINhTWE., 2Dz kX, X3-5DFH, D
FO, N—FEBHEABI P IN=ALEBEICBWTIWBEEIIRRTWS.
3-5 KO N—F BHIEIZ DS N—=ZULEHEIZIE, MICRO OEZDRIEFE D
REFICHEBE L 2N E IR AESIREIhTWAE I b5, 22T
BHXNTW30DIX, S HIZ MICRO DEMBIEERBAD S DHNESTH 5.

3-6 IZH/EMSIZ L > TIThbh = XRREREAIC X 5 MICRO DEN RS HFHE
DR Z7 7. BEMRSIINBRERNEIC L 2B ICBWT, MICRO DELHI
ERBEXERROE—VEDLS 1/ LR PEHTERZLTEH D, MICRO Y¥ER
DYl z B)5EIC 1.6mm, F£E( T 85 MIC 200um HEZBEFRTH D L L
TW3. LU, ZRERERIE, REIEARSHICENZNAEREZAVWEL
LTdH, BENE LUTEDAEEKEADLSORAESTERIMLU TLUE S AR
BHHeZRLTNWS.

3.4 EEFPRAT VUKL EZRWEKRIE

AIEICIR Rz LI, BRAALERG L LEHE, EXARSAREICEN -
MICRO 22 DR EBH FE b Rohiad>/~. 2T, dLRFPFER7T Y
K% FWT, MICROIZ & 2 /FFFEED 5 DR AESHREDOATFEMIC DWW TH
~N5.

EERIZIZAE 11.4mm O 7 V¥ U N—F 2 HW=. MICRO OBEIEHREFICE
BEFM (1A 70—7) ORBNBIIFIT—BILLLDITHREL, kK
FORUHEE»SD OH VP HIVEBNR LA ATV BREET=Y —TEBH LI
B L. K3-7RERICAVWVEARFEEG T VLV KEBOEREETHD,
d, +EHEMICROBLUNA Ao 70— DRIERTH 5. BIERIZ/S—FH
g FCN—FR—rHOL D EF 50mm OLIBICH b, ELEFREKKDAL
DRI Y T 5.

KRICAWEAA L 70—TRIEMOEEEZK 3-8, 1 AV ERAIERZK
39T . A F70—TIZIdKEEREL, FORBRIIFRBOARHIZBN
T HEEEDORWHEE 0.1mm, BOHEZ 1.0mm @ Pt-13%Rh &&% A
Wz, BIBRTIE7—XEN—F L L, HEFHORICHIZAD—EEBE(-18V)
EOBA AV 2HEL, RHEIWA AV ERIZ IV £#8 (NF Electronics
Instruments, Model LI-76) I X W BEEFICEBRINER, VIVZ U 7 THIEX
, AD 3> /3—4% (Elmec, EC-2390) I2& D 12bit DF 4 S HNTF—FIZEHX
h, N—VF)VaE1—%(NEC, PCIS01-VX)CickI 5.

X3-10i2 1 A L ERIEH L MICROIZ L > THRIHIN7Z0HZ U HIVERENE
BORRRERFIEGAEREZ2TRY. J2T, MICROIZCEDBRHINFZ0H ZH
WERBMESIL, GRAERSD ) A XBREDZDHIZH Y b 7 [EHE SkHz T&&
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EINEO—NZAT7 4 )Y 2B THD. COFBRLD, MICRO IZ L35 OH
SUANVBRAEEPAACERET LIS —BLTWEZEDBDRS. 14
VEBREBEIAKETOBA A ERHELTED,0HZ VAV ETRIZIE—BL
RNDY, KB OBAEICB T IMBERBOFEEEZTRLTWS. AT ER
{E5H8 MICRO IC£ 5 OH ZVANVERBAET LIS —BLTNWEZLhs5,
MICRO Z W /=BT RIGHEBOREDBARETH DI & BbHh B, TDI Likni
HTCOBRIKEEANWVEERTHONERZBRICIRTEY, UTOLSICHRE
h3.

F3, BRAREILFENEOHEEL, RERIGHEEIZMEIZESHL TN S
DPEDICH B . BLRAKKEH T, EShREEENORBERIOHEIBE»S5D OH 5 ¥
FIVEFEKIE, BRAKZAVWEREER TR ShELS TR, BB
ELTEEBLTL %D, KEEHPEE L TWDEHIZ, KEHEH MICRO DEZ)
HEAENZEDEZXZ L, B8R -2 UTOH Z PhIVEHRBRES KT
Xhd. Z0-DBHEINDHHETIE, EHIEEEADL S ORAEPZLE R
Elzb, FREEYLDORNEGTHNAEEL RS . Thbb, MBERIGHEE D 2
RIFICEE L TEEL TV BIBITY, MICRO DR DENXKIEMEDELME I
TBEVWZLD. Z2C, EXRHEHEMES L MEROEEICX>TELS
BEZENABETH DL 2EZ DL, MICRO 2 BHWTHFFMEIED 5 DRIET
HEHABBEICIE, GBI CHDREAFROFRETVBLETH D, HRET S
BICBNTEFAHEEDL S DORNFTADBTELPE I D EBIOFRERICL b HE
HRIDVLENDHD. TITRETE, FIRAEHZXRIC MICRO 28 L=5HE
CREEShZRENES L, UaIICAVWSh W EEMROBBFR 7 0—7%
RAWENFZRICE >TRESNE=RNET BT SZ LT, MICROZAHWT
EFEAKRPICBIT 2BEMBNEHDAETH I ES D ERIET 5.

3.5 TRAWEENKLERWZREE

X 3-11IC MICRO IC X > THRH I N = FEEAEBXKHDOOH Z L HIVEFEK
{85, CHN\Y FOFKES, @I —HEAESORRIEHHERETRT. 2
Z ¢, MICRO ZHIEHEFE R OH/NN—FR— FHLgh & EE A A 15mm, /N
—FHR—-FHO»S EH SO0 mm OAEIZBESICEREZhTWS. —4, K
3-12 ICLHIDOKRBRICBIT 2BHHE 70— T 2HAWEZHNERERT. 22
T, REHIE 70— i3I A AEREEH, KB ELOBEAEICRSRNEK
HICHAINTE Y, MHEMESIZER 2mm, £ 4mm OO D& LIZHIBEI T
W3, RHEBALSORNAEFTIGEL L XLTENIN, Y170y P
I5—DM, & DM, IZ K> THEERIN/=%, EoHh—)VPiIcHBIhS. Z
LT, FB7 4 WVFF (LR, $ERIE OH /N FREXAD 308.5nm &

46



18nm, CH /N> R¥YCH D 430.5nm & 1.0nm, I —&ELEH D 514.50m & 1.0nm
T, FREHBFOH, CH, MS T&RmR) ZBLTHEREEREIN, XEFHEE
PM THHENS. X 3-13 i, HAFHRE7O0—-T2HW =550, B URIELL
& (uodhh S EFEARIC 15mm, /SN—FHR—FHEO»S £S5 SOmm) ICBIT S
BREEBORRYIETAKRTHS. K3-11 &K 3-13 2HBT 5L, MiEFER
THEONEHENESIAREO MFEEEZRLTED, FLESHIELIERICH
PLTNWBZ bbb, HFFHR70—72 AWEAZOERICBL T,
BML Y IHRBEATERLTWEEDIZ, BINERYOBERZEATED, MHE
OB B TERN. Lh L, TTTHWERESEE Y REEIX, HE
HIBR 70 —7H K MICRO 2 AW EWThOBRICBNWTHLRIFLHEKT
HBHZLEEZ DL, MICRO ZHREFHFE 70— 7% AW ELIRIONER L AF
DZEFFREEEH L, FREAEEKEHDORBAREED S DRNESOIEEM T
DD ARETH DL EZ 5N S.

3.6 &5
H 5 -IZBR L NERADZN 70— 7 T3 % Multi-color Integrated Cassegrain

Receiving Optics MICRO) 2 B R FREA 7 > £ kK, BLAFEA TV kK,

FRABEEBRKEDOZENZNICEA L, EROICHEETFMHZT> 2. ZOHBR,

UTOMR%ESF.

(1) MICRO DOFf DL 2 EXERMEOBIMEX, ALRB R & ORI A HIZE
BIIC TR —IZo/m LTV B BBV TEHERS.

Q) AARFRET L ARIIBWT, 1 A ERIESE MICROIZL S OH 5
CHNVERMESILILI—BLE.

(3) FRAMHERE AKIZ MICRO 2@ L=5BE, LEIZES W =EEHIR 70—
T L BRAESHAEREAROERZRLEZZ &S, MICRO IZX %
FIRAEBAXPORBATHEEBN S DOHMES DR AETH 52 L DR
Thi=.

3.7 &EXHR

(1)  HERER, KBEX, FRAZ, “KRFK LI —BEIC L BT KK L [IBRLE A
DGR, HABWZE R XE, 55-516B, (1989), pp.2517-2525.

(2 RIS, EFEH, KkGEX, BAILER, “FRAEHBIEP THREET 2 diB 0 F8 G
i, AWM XE, 60-577B, (1994), pp.3172-3178.

(3) Dyer, M. J. and Crosley, D. R., “Two-Dimensional Imaging of OH Laser-Induced Fluorescence in a
Flame”, Optics Letters, Vol.7, No.8, (1982), pp.382-384.

4 Boyer, L., “Laser Tomographic Method for Flame Front Movement Studies”, Combust. Flame,
Vol.39, (1980), pp.321-323.
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Convex mirror
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3-2  MICRO DhK
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R
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X 3-4 JERFPREET L KREFD X 3-5 BARFEAT L REFOD
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3-6 JtHEHED SEHEI N D MICRO DEXESM (EMS5OX D EIH)
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3-7 ELIRFIRET

Cooling water  Stainless steel casing

TR
R P RS SR AR
(Conrnnnnrnie

Al203  Quartz glass tube  Tefron tube
Pt-13%Rh wire (0.1 mm diam.)
3-8 HHEREt IR DOMIE

| Pre-amplifier
I-V converter (*

il Elelc)tro-static
1|l probe
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Bunsen burner computer  converter

3-9 A F ERINER
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1000 {( Electro-static probe )

800

600

400 ' : : ;
300 -( MICRO probe system)

200
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O .IL ‘huadt, L YTV PRAN NI iy} VY

0 50 100
Time ms

3-10 A A VEBRIESE MICROIZLS OH Z P hHIVEENEETD
[E IR R TGRS R

50 60 70 ) 80 90 100
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3-11 MICRO IZL > THRHESNEFIREBHBAXDIPSD
HENES (BENE h=50mm, r=15mm)
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DM: Dicroic mirror

PM: Photomultiplier

F :Optical filter

CL : Collection lens
- P :Pinhole

Light guide

X 3-12 HEEIE 70— 7 % U =SS

X

5

0 - . 4 .
10 20 30 40 50 60

Time ms

3-13 RBHFHE7O -7 > TRESINEFRAEZEAEISD
E¥ES (GRZENIE h=50mm, r=15mm)
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IRETETE KK D BT

3
N
gl

4.1 ¥E

BIBEICBWTEZREE ICBET 20 E COMFRLBET UizD, EFE K
RITFIRE KRR L KRR 2 H B> T2 2 0Wx 59, bk b,
BERPFTCOKRKMBIRGIFREHNFEODL SDONTH D, E2OHEHED A
IS D KBIZILEIRE2H T TWS . X512, BEAXRBPTOME
B (W@ y oAy —) & LTORBEEED Chiu SEIC L > TSR TED,
H2 DWMBORIETII 2, ZHOMBOES KL LTORBEEBOERL L
BrINTW53. EFRRBESRICBVLTE, 20 L5 RERAKKORBEEED 1R
MXIIMZT, RWVBOEEDERD, AEEEI—BEEELLTWS. 20
=&, ABEARFSBOBREICE, RhB2EML L FREAEZE O HARE
BEEICL>TERNINIERBKREERNRYE UTHD LTS3 B0,
WThd, KN L > THEFBRBRIRICBEAINZDTH HD, MR
EFE AR, FRSBEREOAZHE LU TAKKERFTIILPEAETHD,
BEMICWEFREIBINTNDEO, 2 CREHICEBNS FTEAEERZH
WEEBDBRERFE TITbhTE .

FES VNI FEAEBRZ/M Oy PARTHRAELTHESNIZHATVWEROD
EFEAXRICL T, KEBEDOBRZITY, RIEHEEL2ERICELNLE. F
EAEERIL, —RAEAENAIC L IFERLINEZEFEERICETTHREL T
I TBD, ML SHAKAESOEEEIBAMZ Sh, EHFEAEEES
KREIEBHOBRIZHE L TWD. ZOHT, OH 7V HhIVREHBOEHIC, &
i X DOBBHIR 70— T &AW KEPOBAFEEISD OH 7Y AIVERKN
{5, CHNY FORMES, HROFEEESORKRRIIGHHZIT . X5
RO NERESICHREET S AR 2T LIk > T, KEFEHH T
X5 B DIEFE XKD OMEIERBEREOBERICHIN L.
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WNTHRR SO, HATOVROEFKRIIRZL T, FIRGETFE ZRIROKE
PLBUSA Oy b KKRTRAEL, REEEZR X B2 BT, KERNES L WME
PoDI—BELEESICMZA, Ky 7SHEEHI L2 MENEBLUTEE
DO RRRERIIGHHIZ 1TV, 2 OMEEOIFRBER 2 EBRIICEH T &
RINL, MEBEEEEHOETEREMR 7.

LU, WTFNDERIZBW THURFOERI M OKRFEED S, FIREEHTE
KA D P L UMD W LEE L R EERAICIRZ, ERIICERYT 2
CEDBTERP R, ZORED, KEDOBAHEED S ORENES©, WFEE
EBLUKEELZ A —HEHAIFEIILDEE L, Kt -C B BREIGE R
DOEBEANBEEEHRTDICLEE>TWE. ZITAERTIE, RS5O
AWEFRAEZFNN—FTENL, ETRHEECCO AASETNVILAF L —
H(Ar-ion lasen) Z# A L, FRAMETE ANKEPOEFENTH G % FeEERHICEHE L
. ¥Z0%, EHENEEGR P ORRERIOFEIBERET 22010, XKKFOD
[RFTHEIED & D KKFEAES ORI ZAA . Z DB, RO EAOHEEH
R0 —7Tidx<, BEIBTHRUEAZADRZNE 7O —7 MICRO(Multi-color
Integrated Cassegrain Receiving Optics)% B L T, EFERTHE & O RIRR AR5 5HE
2TV, PIRAGEFENKKFTOBMEEOEMBITHEBRZER T LI,
FIREGEBKROEGRNAEEEICBEAL TEREZMA =,

42 EBRREBIUAE
421 FEEREEDOBI

AEERTIX, BEAXRPOMBHOEBAB L HEHEBRLEHEXKLOBERY
RGEZ BRI 72010, FIEBENEERGORERZ{ToE. ISICEFENET
H{G P ORBRRIBORED DI, 5 -ICHEBHEEG L KK OBFATHEE D
50 OH Z P HIIVEHFENES, CH/NY RORENET, Ml I —HEAET DR
RRRFRFIGTRYE R HBEL, FIRABEBARICERA LE. K41 ICEKERTHE
ALUEEREBZTT. UTFTTR, ZAEZBRTCHWEFREAEENN—TOEE:
RUERIZ, ZRZENONEFERIIDVTERL TN Z LTS,

422 TFREWEFENN—F

AR LS IC, KBOBEBKKPTOREE EREL )V TCHEHBLLT,
H322iF, HEAREOMBBELELTVEZ EHEF L. ISITHENSR
BIEFNRPOHEBEN 2REEH L T2 5, TEARBFRETHAONDTE
BOMOEEIANGZEMLE T2, ThoEMAOBRL =, L b HEHt
LEBRINSED 0 EL RS . FIRAEEL, MRz T UlmEe CRRICiF
X, WME L SMHOEEZE (R v 73EE, Slip velocity) 2% /= 8%
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TH5. KAERTHW EFRAEZ NN —T b, K42 7T L5 CAKOEEZ
BLTWS., RERTHALUZBEBRMEITROBLATHTH b, BREHR 77
L OBRELY >~ IS N—F R — b L 440mm ICREI N = ZHEERNAE (R 7
L—A YTV RT L, £y b 7w T7HEE2A) IZELND. ZHREEHAFIZBN
THARREHI E fEt SIS I NABILAZES TRkt I, WMEEEDIZIX
—HREEMAT VWOHRREE T DN—FR—MZESh, BERISIERL A
VELTHHEI W DEEICR S TWS ., REEFH ZZRITXEMED 5, IREHIEHIE
BE@E-OEE, SBIBAV 74X BRLIN—FEEISEBI NS, HRiEH 2
S ZRAENFELOROZED, RHEFZ LESINh, FEAEBHRS L
TNHN—FHh— s ERECEREIND. 2B, £ 2o Loftd)bAfE,
IRENESIED =S ICHAINT WS, /=, Sf 0w MREHEOKRE, EES
7 4 A%@E> &, BRRO/S1f 0w bN—FR—-FroEHINS. ZO1t
2, AERTIEIHAVWTOWRNWD, BREHAZERIC 70N 2 FESTAHIEICL
ST, 7ONY —[THEBAKRERIITOIEDTE D, X5, HARKFOX
LT, REHAZBRHEFRZOTHLOBEHRTELIREIIR>T NS,

X 4-3)E KK DOBEHEE (BXRFE 1/15S ) , 2o TIIN—FR— MDD
HMTHbh, K4-30)IXKKEOERBBATE (Z|S R 171000 #) THB. &
DKRHFEGD S, BREXRPITITBREWICERIC A~ KBEHIEEL, R
H - BREIICT ) —RBEERF > TWARFN I PNBZ S, N—F K- AR
& 52.7mm D X7 > L AWT, FABRICIE lmm ORIKOKZILB /S A Oy bI)N—
FEEHELTWS. ZONEIZIZAE 58.7mm, AE 80.9mm DBIRD FEIEIC FH
CEE - FEOERKER U TKREEREI TS LI, BHFERBROLEID %
M2 5EEICR>TWAS.

KEREMHE, RREAZESOWMEFEYRE 5.5ms, TH-EIEHEREL
0.045kg, /kg, (HEBHICHEETZLH0.75) , BLHAZESES 0.4MPa & LJ=.
ZIZTiE, M43IZRTEHIZ, N—=FhR—1hZERAE L, KETHRARIC
hifiz, REAEI riE s 7.

4.23 EENEGBREDONFR
MREMRCBVWTI—HELIC L3 L —VYEBEBEE (L—Y b NEST T 4
—) Z2EWIZHEA LD, Boyer 5OTH 5. #HS5IEFREKPICHEMEH
= — KRBT (M) DAKEICBWNTCHETZ2ZL2FAELT, ALRETFRA
KEPOKKHDOEH Z —UTHIICBE L. SHTI, CCD h A S ¥k
EWRORZEIL DR, ZITBOBRED, B ns OSRESFERES, Hum
DS SREETHREE 72 > T 310,

EFEAXKPICBNTUL, SEOBEEVGFELET 2720, BREE#EZDOD D
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B—FREFERY, V=PI —MNIILoTH@EZEBEL, H@E»50 I —#
HAZIBET HILT, KXPOEFHEBPBERICARILTES. DK,
FELRITNERSRVWOI, BFREIY7I7oo4A—4y—DroBEIroy
F—FETCONERNMZRE>TEDL, AL —PHBEMLFEL TH, RRICK
STI—BENBENPRKELEDLBIILTHD. KFDPOHD I —HELRE
KFEROZE, D0, NFOREEICLHIT2728, Kb/ NIz
B LTI BICE, LEHRIOL—YBRBELRZZ LIS ETHR.
ZDRE®, L= —rDNXIRE LTI, BH, Nd-YAG (Neodynium Yittrium,
Aluminum, Garnet) L —H D FE _FF ¥ (2nd harmonic, 532 nm) HBEL < HWS R
5. LU, BEDNI-YAG L —HiZ/V XL —¥ (Pulse Laser) TH 5 Z &
5, HE2RHEERNICBRR I 2 LidTcERrn. Z2TERENTED DB,
7IVd A ZF 2 L —H (Argon-ion Laser) 72 & D@ F 3z L — B (Continuous Wave
Laser) &EEEN A S %AW TRBERNRAESITDON DM, BT,
WAL —YOEH AW EEREREL —VOEfFEZHER S EHERL —V

(Copper-vapor Laser) 72 &2 FAWA B MEI N TN B 0D, KERTIE, 7V
J> A A > L—Y (Spectra-Physics, Stable 2017, FIRKE 514.5nm, ERHHH
aW) R L.

K41 R T LI, PVvIAF L L—FEXhHEHEEINEL —TXIE, B
DREIZ—%AULEE, FML VX, FHL VX, YUV RDANVL VX
LOEXH03mm >—h¥eieb, N—FKR— b LOFEEWEE - IZKEWEHE
ZRET 5. BEINZHMED SO I —BELRBRIINATE T 1 VY (HENE,
PR 514.50m, FEIE 1.8nm) ZEB L TEENZREINERIC, BFEE
CCD #1 X 5 (Kodak, Ektapro HS Model 4540) 12 & b, 9000 %i/s T &% 2048 i
ahd (ERET 227ms ICX6) - ARRCEIEENEEBEORICE, L
—Y L —bRIFAOL —TREOHIK DS, HEZEZ h BARICHEILTIT-
7. \BEI h BIAEAIZ 70mm O&BAICOWTITY, o5 EEERT—¥IZE6%
B R B 256 % 128 pixel (KZE[E T 140 X 70mm IZ X&) T 256 BEAICEx h, 5
1 VHIVEdERI NS,

424 [HFRFEEETRIDN %R
FFIIUDII, AERTEHATZ0H SV ANVD CH S VAN EDEELE
FE D & U & 0 B 62 FE ) (Chemiluminescence) D YT HIRIRIZ DN TR B .
KREPOIEFRN LT, B SFEPMRERBICEIZRE ANV F—IL -
ThiEah, EERBICER T 3BICBETE2RNATH D, SLFEIL-T
BT 2REVERZIEDS, RIGHEHEBOHES, KEEEDHRIIEAL A
WHENTVWD. FTH, RIBKERBEO ALK TCIE, OH, CH, C,Z Y h)IZ &
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BRADEEET, WITh B FHEE(band structure) 21D &5, FHEID
WG LIRBI LM%, Dyer & Crosley 58N X % &, OH 7 ¥ h)VIdFHanlkefE
DRWEDID, BIRHZAPIZIEL A9 %D, OH T Y HIVEFREN,

CH + O, = CO + OH* (4.1)
B RIETHE U=FIEIRED OH S ¥ Ah) OH* (YiXfiiRERZERT) 5,
OH* = OH + hv (4.2)

DX DI AT —>XER U CEHERBICEL DRSS (0,0, (1,0), (1,1) /N
VROBKEBETH Y, ZHZH 306.4nm, 281.1nm, 312.2nm DFERIZHIG L T
W3, 22T, hid75 0V, vIEXEDEFERTH 5. ZOEEILOH &
CHIVBEBDOEETIERL, RNEERFTHECH I VHINVEREMNGLT,
BRIGER GRS 2 PSR T 5.

¥ /-, CH B¥X,
C, + OH = CO + CH* (4.3)
72 BRI THE U REREED CH 5 2 A1)V CH*H,
CH* = CH + hv (4.4)

DL S AA>XES L TEHEREBICED 2BBICHE T 5, 431.5nm Z/V 2 FA
v R&T3 (0,00 N2 FORAENSFEETHD. ZDEEIIRIGE)DFEERHF T
HDC,TVHINVEBELEHIGLTEY, BHITRILKEOVHIRIGHIH TEHRES
ns.

—7%, CEREXIE, C,7YhND A>X], BB 2HEIZHT S 516.52nm
2N RAw FET 30,0082 K (Swan /N> RW) ORHVBHEETH 3.
IhoDTVHNVENMETSIRER B EETDODNTNWEDT, KEDOZHK L,
EWICEMRFESPOERD. LIL, TOBEEFERLRTHRERS RN &
X, BONDIRMNESE, EESVANVOEEERZRLTVWAD TIERVWENS
CLTHD. TVANORNXABEIHEREBEOMFEORE L, ChIERT
BHERIKET .S 5CBRBAEPFTCIIANMEICEL D OH BREADVRLET S
7= OH B H M & FSAEESREITIEIME Uk E 7-EH AR EOFESR
BT, KERPOTITHLS DEKEAIPEELTWEILHFIRLARITH
s,
AERERTIX,EBEXEFD OH/NNY FEREHE CHNNY FEREEBOZhZhD
PEHE RN ZRENRE LD, BRARREDHERZEZET 2 KRENR L
T2HEICE, CHS DA PSRBEINZBRENE, §9156DEHKARY b
WICB W TCERS. —F, BAETIEZERARY PVORI DL, B
RTH>TH OH N FERBESURHEERENAZAET LI LILDT,
OH SV HhIWHENERETHILNTES. 20RO, TITHE, OH/SUF
WEBMTREINERRLIIOH S VHIVEHENNEE L, CHNNY FERETHRE
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SNFEHRIZODWTL, FVAINELEEBREROBRELZS DZRE L TN
BLULTEZDZOBEZYEOTHD, UFTIXCHNY REHERILT S.
AEBRTIIK 4-1 IR T LI, BERKKFPOBFTHEEDLSD OH Z P H)VH
R, CH/NY REABICHMELIS O I —#E¢E, V-V~ NBRA[D>
LA 45° OFMAICER U RATFEEEHHIA 256 7’0 — 7 MICRO(Multi-color
Integrated Cassegrain Receiving Optics)iZ & > CTENIND .. I h = FHA T KT
7ANEBUTHEREDE - RBEANEESND. MICRO XFERB L EE B
HOBRICONWTIE, BE3ETHRLEDOLA—DHOEFEHALTED, §T
ICHIE 32 8H28) CTHERLTWEDT, TITIRAKRTS.

425 {(BEE5UHERA

X 4-4 IZESUERO 7O v VX2 RT . BEMEG & SEBHES ORKF
R RFIEHRAIOBEIZIE, AD 2 3—&I2& b, OH SV hHIVEHENRES, CH NN
Y FORHAES, MEI —BENAESLEEECCD AT LLDI v v ¥ —(F
SDEt4E5RETAILE. AD A=Y DEHRIZHGEE LT, Yo7 T H
A L% 20us IEREL, 1 Fv 2 R INVHED 45000 HOT7—¥ DEcgxI 5728,
0.9 RS DEHRIDEIRETH 5. B OH Z P HINWEHFKNES, CH NNV FENXE
BlIZDODWTEERE ) A AREDE=DIZO—ISZA T4 VI EEL, ZOB, B
v AT BEEIE 20kHZ (ICERE L. T2, GEE CCD A AT & AD 23—
& DOREIFIZIZISVAT 4 LA - = Fx L —4% PDG (Stanford Research Systems,
WC Model DG535) #Hvy, PDG 25 TTLIES 2&#EE CCD A A Z B LU AD
AN—FDENZNOHNE b Y HANEHFICANTETRZRLG L=,

43 EBRERBLUEE
43.1 HEEMEGOERE

X 4-5 BX UK 4-6 IZEBHEEO-FITH D, hZhlL —¥>—FeEE
FRABIUKEARIZBHLTHESNEZODTHS. FEREER: ERERFOEE
WHEBZHETCRLTEY, EENEBERICE, L -V — FMAEOHIK H
5, ZZ T h=5~75mm, h=65~135mm, h=5~75mm @ 3 fBHICIEILCH 5.
ZDR=H, K45, K4-62dlZ, ZRZNOBEBRIIARLOD D TRV, X
4-5 DS IEMRNIERFICIZBATERIBER 2 oI ORI —IFEELTHELS T,
“PIRAEE” OFXEDIPERINTWEIEEbIS. —A, RERICIONWT
i, NW—FR— MEBICBWTUTERMICHFELE L TWEEZERITRICTIE
DhTHlich, @I 2R —PERINTOLKEFDEIDLDNZSE. D2
I 4-6 OKFEHEHGED S BRINTE D, NN —F LHRI CITEGERICEZR
DPEELTHRDIIRL, N—FTFTREICBWTIL, WEY2 5 X & —ZEHIC
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BELTWBZ &hbhb.

WY 225 —DEBBERICDODVWTEISIZHELLERZMZ 572012, X4-7
\WZHRFC AR h=5~75mm (Z BT 2 EZE W SR E GO WA LG 2R3, B

851 (Eif5R] 0.89ms M) BEITRLTWS. N—FR— hEFETITERN
WEAETLIEBRBN—FR— FEEDSA O v MARIZK > THEFBHREDE
POEDLIPICHELTWE, FTHRIITICLED ST, EERLLEHDLTW
SBEFDBEING. L L, K47 LRA—BEEBICBWLTD, BR300
BOWTIEX48IZRTEHO>RBRELRASNS. Thbb, K47 L8R, X
FIZKHITCRUEMEDL S, #HREZFRPIEEARICRE<BRINTNVWS Z
Ehbhrb. COLORBRZIBIRAOND D, EMEMEEEITr6TE, 2
CTRONELDBRBABREE OHENKKEIFCERT 20 H, BHERDE
NI L D HEDOERLBENC L2 DRODPZHBIT S LIXTER.

Xl 4-9 (ZIRFEAAIT, h=65~135mm |2 BT 2 EFW EHEFBEO—FITHSH. /N\—
FTH—=FEFBICBOVTEGENICEE L TWEBZRIE, COEBICBWTXH
KHITRaND IHICaich, SEELREROMBEY 2 X% —HBEMIh T
%. X5ICX 4-10 ISR E N TR h=125~195mm I BT 2 @5 HEGE % R
&, COMBICEDFTIC, KEL/OWm@EIIHEELTWS. LrL, BEL
TWAHM®Y 2 A4 —iX, Bk O h=5~75mm IC R 5 /- & 5 Rk
DEAD L, #HEI XY —FHDPHREIZHEL, TRICRINTW
FOEEBINhS. Chid, M7 I X9 —BHEPRHERKOMHBERE b A
D OMBURBERICHEA L TWL =0 EEZ 5N DD, PiX b, M@EkEEE o
HEISIIBE RS TERN., ZITCRIETIE, IhoEEMEETREIE
TIIBHOPICTERVWEAZER T5-0I0, BEWNES LB S ORNEHH
ZEIRZITV, ZOMHZHAAS.

432 E%ME@&%W%W#6@%%@5@Hﬁﬁ¥ﬂﬁﬂ

5 | 32 (A HE R HIETE, FIREGEFB KRBT,
WMﬁLmﬁ77z& ﬁhﬁéhz%b Z DOEBBERIIBWT, N—F R
— ;P SHEBENICEEL TV EBRO—BHEARIIHEE L TV LEFIEE
Ihiz. F£2, N"—FTHEBIIBWTUL, EHGLREZFREID TCELERT,
W R —DBZONZEED SRFIHEEL TV ZEHHERINE. LD

U, WThHEFMEGED SEXRERISFEEBRETERNWEHIZ, BHERD
BERHEEIMNICERALTWSE D0, =, MiFE7 5 XY —DBIERHEKITR
BRI L DD DD, LWV oI EETRERTCE o, #2C, 1§
FUTHEE & KK PORFEED 5 ORAEESO ARRRFIGHII 275 2 &iIC X
2T, TNHOBBORHZAAS.
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¥ 9, BWENHEGD O MICRO DEHAILEDREH EICDWTIENS . EE
WCHZEZRDBEZITORIZIE, MICRO OEEDBEBIDINT 74 NRED 5
He-Ne L —H 24 L, MICRO DER[EDOAIHRILEZTY, L—P>— MR
BiF % MICRO DBIENE#ZHEE L. LI L, LEAKIERICL> TS
», BB Y 7 )VO&EEF Cld MICRO DHIZEME#HET 5 2 L IXTTHE
THHD, EOEIVELNVPETERETSHILIEITER . £IT, MICROI
LoTEAIEN - —BEAEST L, BENAEGFIOEL 7 LIVOEEE
BHBTHZLICL>T, EEMEEEH O MICRO DFIEMBER2RE L.

4-11 I& MICRO IZ k> CEHAIE =i X —8ELLE S &, BEBIEER
BHOE s £)V(130, 64)DRBEBELERRYT— Y ICHBRLZHDTH 5. MF,
BEDEDIC, BEIN-EHEWHEE2HETCRLTHS. TIT, WESOD
FEARBIRENIL 0.789 THo/=. TO LS RUHE%E, BEFOELE Y LIVIZDN
TITWV, MICROIC L DB OSNEESLRIMBEOEWE I LIVLERZEET 5.
4-12 | MICRO %5 O I —HELNIE S &, HEHEWEHEGRE D S BRI
NE&HE 7 VOEEESOMEBMHBEREE, HELORE T IVAIEICHIG
IYTCERRLEDDTHB. Zhdb, 7 E)IV1A30,6)IZBNT, HAHBER
BHOBRERDZZ LIS, BEMEZASHO MICRO O JFEXREH.OIIES IV
(130, 6D H DL PREINS.

i 3 3 K 4-13 \Z/N—FH— MEFED
h=15mm~85mm {Z B} 5"&%%@@%@(‘: h=50mm, r=15mm OB (E{EH
+HITHRR) CHRESNE OH S VHNVEENES I, CH /N> ROFENES
Loy B L OHTE I —BELAAES 1, O FERFRFRINFH RIS R £~ . t=57ms Fi& (X
1 AL~AS OFRIE) ICBWC, HED» S IIRPHAKEITRT L DI, HiiEE
FRHOEEFENCRBUCHE LT BFIBREINS. ZODK, OH 5, CH
EHEEBHICKELILBLEDBSTED, KNP +EHOHEBICB W TREERICH &
TOTWBIENIPNIE. ZOZLdh, BEROBRIBERGICEL S
HOTHD, TOMBRRIGFIEPENEETCHBRPZ2HEDO FRICBEHT 5
Z& (ThEERNRAKREIZLESR) T, BRERIHINLTWEZ DD
5. IHICEETIREE, A2~A3 ODRFAFICBNT, I —BELNES L AK
HAESHPERFIZLE LN >TVWEZETHD. TDOI i, BEEERAEIC
FCRBERIGEENEELTWA 2B LTE D, BEEREN.

Wz, t=64ms fHitE (X B1~B5 OFEH) ICBIT 2, HENRZZEHET
&, t=62.7ms (Bl IZXR) ICBVWT, IHFEREICRLUEMEDRP S, KEEIE
DIBFEAD L LTWSE. Z0H, KKBKBEHITRTLDIC, EROLEAIZ
MP>TRIEL TS Dbh 5. 2Fb, CONEBLY LRMICHH-EE
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RIIA S LOEAT, KEEERGTFFEEIOND. 2D &iF, Kb B4
~BS TREINZI—HENESDILD EDB>TWARMEF TIE, KXEFKHES
DAULL EBODBROENBRNT LTI hERTE5.

MU EDHRDP S, KRIFIEZFERPORBEL P T WHEEZZBRMIEIELTWH
CEEZBN, IHICAKREIEDORI 5BICIE, BREBERNEIC T TR S
PDHFELE L TWVWBEHERINS. LPL, EDLEDREHIIBONTAKEIE
BB, EOLIRBRFHTRKEBERIEDHTSNZD0OMPIZDODNTIE, RKEHS
PIZEIhTEST, SBIVFMLBEIERINS.

W, HEiEEFROSMICL > TEI N, MBI XY —DHEKERIC
DNWTHEEZMZ 5. X4-14 13 KHEDTFHIE h=115~185mm (2 B 3 EFHE W H
HEEE L, h=150mm, r=15mm OfIE (BEEHIZ+EHITHRR) TRESIh-8E
RAEBORRRRYIGHAEE CH 5. BEWEGL S, ZOEBICBLTIE
BRIETREDO KB ADTTIIHE L TWBI bbb, N—F THETHE X
NHMEY X5 —IF, LR TORBERICHEIEZEB L%, RBHEEL
TWBEDTHH, AISHIPOBRBELICS WM RFE~TCnW3eEZSNhS. #
DEDRME Y R —EKPRATRLEDDDLHIZ, ZOHNEEL bk
BIZHELTWLBEFBBEEINS. COBOAARHEELRL L, WiV
T RF—DF SHITREER IS D FER I N = (B C4~C5) . DI e h 5,
MG 527 —DNGBEES LS IBBERICHEENEELTBY, V75X ¥
—DHEED, VIR —BEDPRBELKOBRBBRE Lo =HBRECLZ2D D
THDHIEBIPHEZS.

FETRIET, —EOMEY XY —EZDOHEOBRRIZBNT, XK 4-15 1
TREINDEIIC, REICHELEETHALDIIEMLEDSHEELTWLBEFD

ez, BH, BEPSHBE IO - BERBEZHMNT 2 LIBHS T
ERWD, TITCRBFEIZIAY—E V- —roBEFICL > Ca[gbE h
WB780, ZOERDBITI-ZH ELTEY, BRRIIZDERBITFADPHE L
TW3. 22 RS, MA15ICBVWTEHEINWIMEY 2 XY —X, Z0H
BOBETRBIEABEE R OTWVWL2TVWAZ EDbI3. 2L T, ZO0OHEIX
DLFTOLSICHRINSG. T2bb, N—FR— ML bEGERICHBIN DG
FRIIRER - ZRNICTE—TH 27010, —SIFMBELICVWEE (2
ZT, BRTHZLFEIND) 2F->TW5. 208, BWEBERO—BIX
THRBTOMBERIGICEZHEEE2THDN, BFEI/I SR —L LTEBETS.
ZL T, TRBIZBWT, ZONGHIP D> D LHEELTWLD, ZOE,
FESHEKPERTH D00, TTE2EMRL, BRBSERETS. BFE AL
PTOTTORBERIIBRRESYEEROBAPSEETH b, 5%, WMiE
DR —DRBEEER T H L TERININEHMETHDI LEBEDNS.
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4.4 &S
FRAEFXKKORGEZEZ ERNE AP S BRI 500, EHEWEES

BB I TAKPOFREEISD OH T P hIVEHENES, CH/NY ROENE

5, W% HELEE S ORKRRIIEHZITV, LWTOMRZEE.

(1) HSEICEELU-EFMEG & KK FORBFTHEED S OFRIE T ORKFR
RFEHHIS 27 LI, EEKKEEREBPICELTERATH %.

Q) JERBERFICITHE Y 2 XY —FERINTE ST, 20— T, HEERIZIE
IN—FHR— MEFEICBOTEGRICEE LTV AEFRD, TR R
BRI K REIIHGIC L > Tl h, M7 2Ry —DEBIh 3.

3) N—F TFTRBIZBNT, M7 7 XY —EZDNEHL D IRBITHEL TN
X, ZORE, Mif 7 5 X5 — B EHRBEAKOBRAIGIE & 72 b ILBURBER IR
L85.

@) —EDMEY 5 XY —IZDNTIE, NWN—F TR TCREITEAIRIC 2 DT
BEgEIN=.
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H2
bottle

Twin fuild
atomizer ]

Drai

Pressure ' Fuel
£auge o OO pump

Blower

T

Filter Orifice

A

l

o
Surge tank
- %

Compressor Orifice C3Hs bottle
4-2 FEREGHEFEN—T DS

[0,0
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Premixed
Spray

(a) HEEGEFELRE 1/15#) (b) 45 & B L (T BRERY 171000 )
4-3 FRAWEN—FF— FEBOFEME KREE

Pulse delay High speed
v  [ql generator camera head
converter (e, S,
Amplifier
Y
Low pass Y
filter

CHO CH1 CH2 CH
Ext. Start

camera processor P

Personal A/D
computer converter

4-4 EBUHEROTO v IR

66



195 [

mm

125 L
138

65 L
75[

(a) Non-combusting case (b) Combusting case

X 4-5 WEEMEGE (L—Y>— b & EEICBS)

h=125mm

h=100mm

h=75mm

h=50mm

h=25mm

h=5mm

(a) Non-combusting case (b) Combusting case

4-6 WEHEWEEGE (L —Y>— b Z2KFEIZEE)
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—O

OI.89 1 l78 2.I66 3.I55

time (ms)

THNNE

X 4-7 WEFEWEHESGO—F (FRFEMHEIE h=5~75 mm)

S EEITT]

X1 4-8 MEFZEMEEBERO—H] (FREMRIA h=5~75 mm)

X1 4-9 WEFEWEESEO—F] (HREMHEIE h=65~135 mm)

: ]95[--.
< 125 e al ahs

X 4-10 WEFEMTELERE D —F (BRI h=125~195 mm)

_ A_4‘5.1 ms B 46.0 C 46.8 ms
130 130 130
(a) M 7% W7 [ A (4
100 ABC

<

2 50

P O 1 1
0.03 0.04 Tlr?\fss 0.06 0.07

(b) MICRO I & o THrtH & /= il X —BELEE S

200 ABC
b
4 100 W \}W
c 1 1 1
0.03 0.04 0.05 0.06 0.07
Time s

(c) WEFHFHEFLED S FHEE I Tz BV £)V(130,64)IC BT 2 HEEE DK R F R
[X] 4-11 MICRO IZ & 2 il X —#ELEES & R O FEEEO g
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f Cross-correlation
coefficient

0.8
0.7
0.6

o 05

Pixel position

o
IS

o
w

125 130 135
Pixel position

4-12 i X —EELEE S L ETEMT ISR O FERAED 5
B U A BB B D 3 A7

©
)

t=56.‘1ms t=57.0ms t=57.9ms t=58.8ms

A1MMA4ASW

O i
50 55

e

t=62.7ms  t=63.6ms 4.5ms

t=65.4ms

4-13 EFEWTTHIE & BT FYEE S D BRI AR5 GRS R
(¥ PEIH h=15~85mm, MICRO #|EI&E h=50mm, r=15mm)
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mm

=
£
- 115
20 C1 C2C3 C4 CS
< L
Cg 10+
T o kAN A an M o
<C(I1OO : W
- OF [N D U N L eV 3 .
< r
X SOF
g :
- O LA i A i A =
33 38 43
Time ms
4-14 "EEWHEE & BRTREES O REIRR R Y5l R
(& fH18 h=115~185mm, MICRO #|E {1 & h=150mm, r=115mm)
time ms
0 0.89 1.78
125
75

4-15 WY 2 AP — 53T TADE(LEfE
(¥RECFEIH h=75~125mm)
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£ HE FIRAEZEXNEFDAREEX
CIE YT O A — WS

51 #¥E

EEAKETETIVET B LT, BEREEBLZEATLIEE, LOVBEED
BWEEHOH 2ETNVERETI-DICLERARTH L. i, H5IZ
RIBEESNSFETFINVERET A=01I01F, EREBEREBERTGRZLEBL, &
SHTAILENH D, OO L 2BEZL, FA4ETIE, HEAKPOERER
REHELZERNEB S SEZER L, FRAEZSAKPOREEFHZHOMICL
F=. RETE, BRBLVCBEFERRLOLLRZAHRIC, FIREEZEROR
ERROHE (LI, mIEKREE LR TS) BLOWEY 2 X5 —DHK
HEOHHEZRAS. 22T MaldAkKEHEE &iE, B4ETEHESINEZLD
RFPEAEBRPARGIEICL > THETIBEORBEEEDZ LTHD, Kk
hAWshE TARRIEEE | LOERZEITZEHIC, KR THWEZE
MTH5. :

KBEIEDEEIL, BIEEDOEZERDOEWD FIZL>T, BFEERECAKREIE
HELREERBEINW TS, KR, KREEXHERELEIHFLEREPLRERD
TOEIEEETHAHLINTNAEOD, MEZILT LS ZDEIS>RFELNGTZT
HLHEHT, BEFEELERINATWR LI ADHD. 201D, ThkKx
XHEE ) 2RISABICLIMREEEESIRZ, FILEED S REKRGITIEES,
FTEDPITOIREBEITEE) REEMLT, RAITHIELHHS. LrL, Th
SEDXRFBICOVTIIMEFRICEL >TER>TNWBRLIA3HD7=8, X T
X, RELORBRILZBTIZEDHIC, FEAEBRVPARRIFIC L >THET 3
BRORBEEE 2 MRIEAKEE LML, UTTHWSILIZT 5.

FIEETHRANELIIZ, BREAKORBEFEEL LK EEIHEEICEL T
BEL DSBS K DIMEITON TN D, Lefebvre SOTEFRAERIET S K
25 D& & (flame speed) % fUNE HAKEETETEI L, Mizutani 5O FIREGWHETE K KR
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FOEF 2R TFIRICEHE L, FIRAESEAXKDOBEEE (flame velocity) % &
U TW%. Polymeropoulos & Das 5% FkDEER 21TV, EHEDFEIKE L
RBEFEE DBIRICDNWTEREZMATWA. £z, FESOZPIE D RO TR
EEFMRIIHN U, FREZKFEPIC7ONCEZRAL, [URIBERETOMRE
HEZEEIL, RENICELHTWDE. ZOHFT, REEEL2EHT IO X
REDREAFEICDVWTHFLLLEREMZATEY, BEEE, RRHEZNL
2=V EHE,BHEYES 2 -V BHEZ LT OH 7 2 hIVEEWE S
ZHEBLTCHWS. ZOEE, OH S VHIVERAHEE 2 AKORETETED
DEYTH B LTINS,

LB L, WTNOEBRNIARIZEWT S LR DM ORIEED S, F#l
DREEYNTH Y, FEFMNGE UEEZEHEOIRBEIIODWTH R+
RTHZ2E VDI 22TV, £k, BIETRLULELDIC, FIRAEFKES
BN, PRGN RKRRITIRE & 5L R B L @~ 2
A —DBEDRAE L TWD. COLDRBERE, EFOBEFRLESRICIBNT
YHEELTNWD EEZILND. ChHAEORBEEBOENL, Thbb, &5
1 BT/R U WilliamsODETFIWVIZBIT DEMPEE THEBRPEL L TORNT
HD. TOZ, CNFETOLX D ICEFARORBEEE & KKEBIRIED S —
TCHNCEH 2 DTIER, PIREMBFENZEZFTRT CORIEKKOEE L,
BRI RSB LY 5 XY —DHEHEABEEDZNZNICXFILTER D
BOLBEBHDZEEZOND. 7

ZITEERTIE, FPRAEZFAXPTORIIKKEEB L SHMEI X ¥
—DWHEEAEEEZBHL, LRI 22 2EHNIC, BHEMEGETHET R, £
DB, (A Ky 7Z5HIIC X 5 EFRGOHE L 688 T, EGAEBTZR T
ZEZED, RIEARFEL LI CMHE I 5 XY —DHREEEZRH Uk,

52 EREBBIUAE
52.1 FEREEOHEE

AERTIX, FPRAEBRPOGIIKEEE, BLUTMHEY 2 X5 —DHK
HEZHENT 220, EENEGROBEE 2TV, I SICTHRO—RTMMAE F
V7o REGEAWTHEFERGOGHIZT > /2. K 5-1 ITARERTHEA L E-ER
KEZTYT. KERTHW:ETFRAEZBN—F BIUEBHEGREDOXZ R
WHIELE—DHDTH 5780, TITIIERT . FHEREZGHREERZ
S[UDMTE I HRE 5.5m/s, T —ZEREEREL 0.045kg, /ke,,, BILAERE
710.4MPa L EIUEMHTH D , BFEMEGORZEF b AL EFEE 256 X 128pixel
(EZE/T 140X 70mm (ZXI6) CTHE—TH 3. RBAIELAKICZ, LY —
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MEmEORT HRADHKD S, BEEEIEL AICHE LU TIT o7z, BEIEZEHIC
BAL CHRIERERIC, KKTRAMEI hiliz, FEAAIC @Mz ok,

522 [HE{BMEEE

BEXNFEENEGEI S —V N2 a2 —YE2NLTT 1« P )VEcsk X
Wi, V-V X5—Yay (Edi#, S-41P, SUNSPARCICP Hiff, 7=
ld, Hewlett Packard, Series735) T _{E{LALHEE D E{ENIEBENBITONS. 2
BEGUIEBITOMIZIE, CEEICLZBEOT0 S hEHANWE.

523 f{A{bir

AEEBRTIX, BEMEGEOERCEL2OME I 725 —2HMET 520
BEIN-EHEEEmEGR IS L, ZECLEERT — 27 O OIIBFENT) % i
L, EfgE#@ErEiToC\W%. J2C, L 2YMod s _ENEE2H T
Z&iE, ERLERTEROBESLVEEGE 2502025 -OEET
H5. BE, HIFINREGIC ELCAEEETHE, ZELOLESWERR
UTOHETRESINS.

L, RFNEEEZE LTIy F IR MDEL, EERATEHE COEET S i
DRV REE, Tbb, K52l L5 REREELD. JOLE,
X 5-2() DE{ZEDOEEDE X b 7S LEK] 5-2(0)i K S IZTUERIZR D, AHL
—H> — NADHFED S OEEE, EXA NS LAORBIOBIZHIGLTWS.
ZD%, BEMHEEGPOEFOFAEITELRET % ZELDO L EWEIZIE,
MIEDEDOBEDOMBICINT 2EEMEEZ ENITNNWT EBDP BP0, L ULEE
BT, PRRAEZFAKPOEZGEHLZEANICEHRE TSI ZHNIC, ®E
HHZL—Y—MOEIAMEIC 70mm BE L >TW3 D, BEBBTDOL
— Y — MEESHRE—EKTEI W, FCT, V=Y —MDRESFLEERE
L=k ZEEUEDO L EWVERZRETIHELD S.

PNVIAZT V=R INEL —TXHIE, K51 IZREhB LHITH
MORFNIZ—BLUI—F#HDOL Y XREZNLT, L—YI—1tHicxhd., Z
DFF, L—YXBEIHIRAGHEREE L TWEEDHIC, L—YT—FHN
EHOBEDBL — P> — MEEHI LR T RS . ZITEHRERTE, UTDAH
BICED V=PI —FEFIAMAICH> TECLED UESWEZRE L=,

F 3", X 53127 LD 600 MDEWICKRIMICERKE L TORVWER (Zh
OV LB LRI YT D) RENMNGE LTS, CTITHEABETEEL
f= &S R E G R RT NS S UTHW3 &, 600 flame X 1/9000 s/flame=#J 67ms
iz, EFICEREORZD S _EHOLEWEEZRET L LIRS, £
D=, mEINEZERBORZIIKELELEWELRZEBNDEHSZ. 22
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TEZDE > R FHEEMZHER T 22010, 7 VY LBEIRERBITNZE L.
ZLT, Zhsd 600 DT > LABEBEORITILIEEBEOER NS L%
KB, X 5-4(@), )L, COXSICLTHSNEBEEFOT»SBATHE 34T
HYE 4 THOE Y L )VOBEEOE A NS LATHD. TITCEANT T A
OWEHIHREEDRRKETERLLTHS. Zhibh, L—¥I— i
WS T AE 128 TEHICBW TR EZ L VOBEESEENICKEL, —HD
L—HY S — MNRERICHY T 28 3 TEICBVLTE, HED 5D Mie BELLCHRE
PEWEDIC, mEINIEZRPOBEE NS < R>THEH, EXAMTIT A
HEEEORNMINBEo oo TWnWa. LEL, WIhOBEIIBWT
HE X MTS LHORERDE 5+ OHRE, D D BHOES = & > T {E(LLE
DODLEWVMEETRIEIWZ EDbIE. COXSREEDOLR NS LR2RIT
TEICFE LS, EBELEODOHRS-5@)TH 5. XS5-50b)d, 5EFTIZIR
TRRLEHBDTHS. X 5-5@DHEEITEDE X b IS ARBRICE Y LIV OE
BEAZRLTED, 00525 TH5. £, IR InZBBRFPDOZITIC
HIGL TS, K55 FOEEOERITFTEDOE AT T Ldhofgd, >0, H
BHELEREZERLTWS. LD, L—Y2—FhOETIERD L —YREhm
<, WEHCEMDP DI DONT, RECL—YHEELFLR>TNWEIEHDbhr 5.
ZFLTHITCE DR NS LDBEFATHLLE, HDOBEBDOELHITHY
AT LEER D, KERICBWUL, COHBLOELS, FITIT LI A
{CALERDBED U EWERRE L=,

53 EBERBLUEER

53.1 TFRABHFXRPOKREGIEIEE

HEEEEEROMY 7, BENEGZE AW ERIZAXKEEOFBHICD
WTRY. X561 h=5~75mm QOHEIE TiHRE I N -EEMEBO—FITH 5.

RETRLELDIC, COEBTIIEZRIERNICFLELTNEI LD S b
BZb. 2T, BERICALNZEGEZEROEMRERIE, FRAEREEN 2
KEGEFICE>TBREIhELEZSND. R, ZORREMET 201,
K 57 ICREN B LS5 EEABORICEGEBROBERMH 21T &, X
5-8 #1585 . EROUEZE 600 D Z > ¥ LRI NEEZEH BRI DOWTITY,
Zho2EBEREDLEELDERSIICRT . RBEREOLVEBIZEIAT 7
T4 NVINEOEBLTCHD. COEBOZE 7 L NVOBEEIL, RFREEYRIZ
RESEHEGROBRAOEEHERZELTCWVWS. T2 T 600 MOERIL, K
B E o <EELTOWRVWETS (5 F LAHEE) 2BITNEICTI206ELH
3. §hbb, N—Fh— b L OEGHICEE LTV IEBHROBER2ELRS
b, BEEYNICR-EGREBROBEROEAEEE 2RO 2 BICIX, FiET
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T UL REREGE T, BERBDSIESICEVWEZDIC, REOHKEIHNEY
ZEHTHICERDPBRNWDISTH .

RIZ, PIREABHFEAXLPTCOREXREKEEEL, EREEFROHEEEEL LT
HHT 3., 22T, M5-9D 5 EREFROEIIERMEZ KD, =AEz#ER
BRADD, ZAEEEATIRICE, BERGORNGICE T 551HIBLE
b, ZOREOEERTIE, FRAEZFORNGEICEBRFMEZHEND -
DIZ, ARy 7SHEEEZRWE.

‘ X 5-10 IC FERABEFZAEPILS
2 M@0 R EIEENY PVOGRAIFERZTRT. — Ry 77 %
HELZAWEZRTHEEBOERIZOW T, 2EXOICHERZINTWEDT,
CCTIIART 5. BE, RIRFLREOEFALPTIE, MERFICK> TR
TRRENELRZ =00, KEMNOEERY bvhEHINS. L UEAERTIE,
X15-10 iIZR 9 L DI, MEdBERE OO AR X 2 2E S LK /D
<, ARIEEFRRWT, T/ S—FH 0 FEATICHK 8.0m/s TRITLTWSH I &
Db, K51112, r=15mmIZBIF 5, HEkE D & RETED/N—F 8
A O EE v (D)DRR Z R Y. KH, (a) h=25mm, (b) h=75mm, (c) h=125mm,
FZhZhN—F B ARAOFENEZRLTWS. £z, KHOHARD KR
I V(D)DK FHE (@ETERR) ZHMWI V(D) (B5 AEEZEEID rms
B) 2RLTWS. COKIDS, YOMBICBWTHRFICL 2FEEET N
<, MELE> SBHUEFEYHEERY VD, RNBL2EOREEEREL T
WaZehbhd. 2OZLiE, “FPRABEE OFRUEHPERINLTNWEI L
ERLTWAS.

EFENRPTORGERMEDL, BREOKNESMICKREIZEINDS. bbb,
Burgoyen & Cohen?0/NEH & KAMWIE, 10um LT O H Ak & LTD
RABVWERTEERL TS, RS-12 ICTFRAEZXEPIZBIT ZEZEOR
EBEESGOOMABMELETT. AERFHOT TR, YUFTNVEGRE
E30um BETH D, TRICITKIC LA > TOPOEMT 2MAPHERIN=.
CDZLIFMEATFEROEMICHIRNTED, TRHRICITIZDONT, MRE
DD HELEERBHDLO L TNWB bbb, ZhiE, MREOHDIFY,
EEBIURBEC L > THRT 2WEHEBZNW L EZTRLTWS.

HIEAAFEEQEY HEENES,OKRDEEREZROERIEL, (118
Ky 7Sl X2 RNBEHEIERZHWT, ZAEZHEHATS. K513 127
TEHOCHGEFROER L FRABFLORTAOIF 16.5° LXRkHoNh 5.
C O, BHEBERUEICH T2 MHEOLELHE U 7.0m/s TH B8, miEX
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KOBFEESIE2.0mis ERkDS5ND. ZCTCHERLRIFAERSZRWDIEE, T0D
EIXEZEARPICBIT A RIENREEDEIBETCHENH L THD. kb
5, M5-8DLIIIEBREADMEDPEH L TNWLEIEDPS5HDPEEHI, E
BNRKATORITAREED F 7=, BEW - ZRANCEEFHLTWS. 2OLD
BEFXRDTDOEITHEEDOEHBES LORKETREZ 200 IIHLS P TER
WA, EFORFMEE - ZRNR Y —MHEBERLTVWEEEZ SRS, 2DZ
lid, BHEFEOEEERIZAROEELEE, SBREISODOE TGERTIHE
BHBIEETREBLTNS.

X510, BBEERO—PIEI I CEHE L EYN R AREMNEZEE L TVE,
ZOFTRIFBICBWTHEEL, MEI XY —%2E/MT 5. 2D, RIET
X, BETLIMEY DRI —IIDOWTHZDOHEEEDEPZRAS.

532 TRABEZBKEPOMEY > XY —DHFEE
AIETHERE LS, FPIREEHEXLPTIE, EREERP KL EEFIZL -
TWHETE—HT, BREFET L2 —SHOBEFERDME Y 2 X7 —%EFEL, T(}lbija
WWBNTO-L Y ERIEST 2. BETE, GIENKFEEOEH 2R AED, 2
2T, TRIBICBII 2@ Y 924 — @ﬁ%ﬁﬁ&ﬁﬁkﬂﬁﬁﬁgkmé
X 5-14(a)iCHBFL IR h=125~195mm ([Z BT 2EHB W EEREZEO—FlERT. &
CTHEBIESBEIZERTH 5. WE, BEEPUATHEHARZHMEY 2 X5 —
DHFEEDRHENERDS. 9, EEBLTHWSIHMEY 2 X5 —OWEHES
RO DO, BEBEBRO _EANEEZTH, X 5-140)%21%5% 5. £ U TR
NRE UEME Y R —PIROBEEGEHTLEOMNEICERH L%, EHE
MBREIC L > TEET A, Z2C, ZEEBRICBIT32MEs S XY —DREE
X, ERBETTHEY 2 XY —DBLZ 2 pixed BE LHIEEE T, EREMLDD
RV, KBNBZICGEIND. 2 LCHEY X5 —OliHEs, O XL &
&, BEE PO HEAEE o, PRAICLVEIBINS.

wﬁﬁf%ﬂ : ;.1

ZZT, 5,88, FhEhERLUE BB L i+l ZEOEBICHIT HHTE Y
2 X4 —OMHERE, Al ZEEEORBZET 1/9000s)TH 5. X 5-14L I D
L LTKRD SNEEBRFRUATHALEME Y 2 X5 — O EHES,, BLW
HEHE o, OREELER LEDDOTHS. BEBEBDISODDIPE LI, &
DMFEY A7 —ETRABIIHEHURDPS, FIEL D IRBISHELTWAS.
Z C CHGMEFETOFE, KOs 2 X5 —DHEKRERE, £ 0.4m/s
EROIZEHLUTCED, ZOM@EY 2 X5 —DEKEE D FIEG X 0.40m/s T
HHZ bbb
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DX D REGNEEN %, HEWHEGRFORTOMHEI 2 XY —IZEL,
WY XY —DOEEFEEDIHERDB L, KI5-15DLHIZRD. Ihdb,
W7 S5 R —IFFEHNICHD &, 045m/s DEETHELTWB I EHBbh
. FLREEINZHEEEER 1.5m/s ETHEWVERICODE>TWS., 22 &
&, BHEY S 2 —OFEDEY, Thbb, FMEI SR —-ZTLDHTE
HEE, NESf, AIVEEST, SHIMREE, SHAKREFOENVICE
HLTWbEEZOND., WTFRIZLTY, FICEHUEFEKESPOLRIEL K
REELDEBNIHSPTHD , BHEAXEDPOMFEOHEELERICEALT, KK
I L DKL, MBI IR I - LTOHEEXFLTE X BDMLEDD 5
bbb,

DL, BERKEPDERIIKKLMHEY 2R —OR%E%E, BETFRES
TR RKEHBRUTEZ D CEFICEKZFEWN. bbb, YBH1U LD
BEFRET L AKREIIBNTUL, B 5-16@)ICRT LD ICFRAEKEEIZIC
LBNKY, ILBUIRBIC LA RDPELEL TS, —F, FIREEZEIRIL,
IN—FR— b X D ERRICEAE LTV DEFER D FEASIREER 2 AREIEIC X
STHWEh, WEI 2RIy —DEREINhE. ZLT, BXOMEI XY —
ISIEBRERIC Z DG DI S HELTWL ., Thbb, BETIERBLELS
2, RN REEIEARKED FREEZFAXRPICHEEL, FOKKEHEE
BUERRHEY 2 XY —D, TREBICBVWTIRIGEL, HELTHh->TW3
EEZDBIELPTED. PIRAEEFAXEHPIIBWTEHBIND & 5BEOGIE
KRHS, FEEHAKLORLD L S IZ 2B IERERRE S UTOEL &
DPESDPIIBESP TRV, T TEE 5-160)D X DHIZ, FREASEHE AL
FICBIT 5RMEEENRERIEAATZ, BETFRERET BV KRBIIBITSFE
ERBEE (M%) L LT, 5 IRIEAKBRFEIBOMBE Y 5 X ¥ —DREEE I,
EFPREG T V¥ RKP OB (A K) ICRIGSRTEZXDILNTE
. BIBDOXSI, WIS —OWEBMRBERTIX, PRETEALD
LD ICZEEIIC — DGR B K AHZEAY T, ZENICEHET HIHE
REF DESETH Y, ZOFFTFEAT VY U AKOILBUKKE (A%K) &
EEZohiznd, FEAN, BBV BERNBERAPSERITZE, T
REEBAKIBET O FRAKKELBESZHEEEZEL TNWB I LTk
5.

CDEDRFERAEHE KT OFRSVBEBEEDS L CIEERBEEH O FIL,
RO L B KEEHEHRERDPSITRINT NS, 7205, FRIEFES
BNRBPOPFRBEEDISD OH 2 Y HIWVEENES & CH N ROEHEFTD
MIGER (FE) ICEE L, KR ERSBTCEEESOMGHELSENTNS ([FH
HLTW3) Zehs, BRRETCHLE L, TRETIEMBBEIL EhATW
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RV (BEAL T W) 2eh s, BREES P IERNTHDLILEZRL
T3,

—F, PIREBEBAKEBETFEE T VB AKOPRENZEEDEND &
NTERS6TW. Iabb, BREFRATVEVARIBIETHY, FEEA
FRITREN - ERNICHRIETH S, WS THDH. FIRAEZEX
KO - ZRTYEHIC O WU, EREFROERLEDEHB L UL
BIRICEBE ST D ME I DAY — & LTEBRIhE. FEARAERTHWEFRS
BHENRBIIKEORK/SA 0w PNN—FIZLDBREINTEY, N—F VYA
KO TREDIRIND FIREH AKKBIHERT, ZOHEAEEICBNTEH>TW
52868, HAKRKDL D REMENICED > i KKEPEIZERE R
TWBEEIFBZII W, T=bb, FEAEZEFORFEL LT WHEIBIZBNT
GIEKEDIERINTED, ZO—/7T, BE LIS WESIC DODWTIX, BAF
FHZHERZ L TWBZ EDFREIND. /-, AERIIBIT S TEAEHIIYE
IR T 28075 THZI 5, [UEREEICBWLTIIAXRDERIN S
#BHEIZITRW. LPL, FREAEZIIBVWCIEMNICEZD BRIELEL,
ZTRICEHR-T, FMYEILDHEYRILEZPLICELLLTWS. 200,
KRGIEEE SRR EH L, —HBEFRIIME I S Xy LTCHET .
CDEITEZ DL, METHITEF ARIIH R KKBIZERE L WS B2
U, &5ICHHER - ZRMNTESZMA =D, LdH W12 b, &< iE Onuma
& Ogasawara" VDS SUR I FRILEUA R & B REER KR O LM EIEH LTV 5
M, 5%, COAMICET 2EGEN - EBROMELPFINS.

54 &5
FIRAEBRKEKPOGIEKREELMFE S 5 AV —DHLAEEZE TS /-

OHIZ, BHEMEEBIOMMARY 72327V, UTOHMRE2E=.

1) FRAEBAXKPOKRGIEEL, BEWHEISBONIEZFERERD
EEMNEBLIOMME Ry 7S5 X 2 M@ EE, SEE L, Z0OF At 2
mLUJ=.

2 FPREAEFHRTORIZAXKEEL, REK - ZRICESH LTV DD, 2K
BREMHICBONTUIFEE T2 L82.0m/s THoT=.

3) FIRAETFBXEDPOMMEY 5 XY —DWEEHEE %, EHENHEESHEZOEBAL
H@#ER»HEE L. ZOHR, FEBRZHFOBHEICHNT, RFREK - 22/
MICETHHDOD, FEYT58045m/s ThH o J=.

(4) TREBEFAXRPIIBNT, GEXAKEEEHME X5 —DHEHEEEILE
BOTHEY, FRFNIIXKNLUTEZZLEDHS.
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Flow direction
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BT E AR EE AT D
KREGIEEFHOEBIR

7.1 S

EHENRPORREZEEL, FRANRAKRGIIRG ELBET2BED DI
KAEZN B0, BIEETIIBNT, FREEFZKEPICIBIT 2 EE00REESO
BHEZTV, BERPTCOBRYRAKEEIIIRED, M@HERO—BERE 2
STWBZEERLE. COXIRAKREIFRBIIEZ XX EELMD LTE
BETHD. LHIrL, FIEFTCTHWETFRSGEZEAESTTIE, KE=IZHRIT,
TFIREEBRDTOREL LT WVREIHICBW TR Z > TV 5 7= RREK - =R
W VFLTH Y, ERINZGIEAEEBEDOBREIEHTI V. £, &
EKRRBEDETREEZD L, HBEOTY—MEZRIIAND Z EWAJRET,
DPOEREFHOEE - REVNBHREBXEVERNGZ L LTHELTSED, F
BEAEFBARIZIORACELTHLEFNZT R,

Li 5@ Gomez S5OIBHEARP TORITKKOFMABEREOFEL L
T, NAREZFAAEERHALUE —EOMEET>THS. LHIL, BSHDEER
WKBWTEEA LTV ABRERNOERMEDIE <, 20O AKKEETIFERES
HRARKEBYUEHDIIR>THEY, ERERVZOX A HMEOKERM
REZRAWEEZARICOER TE32EELTERW. i, BEIKPOD
RIEAKKOFHEZIBLRS e <M LEdDE LT, EMROD Z e A FHE
BREDBITONDD, ERFHFOBEDH LW REOMEIERINTNS.

TSN, BEWHEFSR, S HHET LML RAMAEREERIESRT 2R
RIEFZZ — AT KIERKL, KEMD KT 2IKLEZBRKEDEREZT,
BEHFRPOGIEARBE IOV THEHLRERETo2. ZORR, MEMcE
TET BB L ° T ORISR 4 O M 8 P 2 R DS BIRKICERIE L,
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ZDEET, MEI XY —DBILBRER LR > T Y LRI 52 LR
U7z, RIRS D AW KIEFRKERE AR, ERFEFOEED LRNES T H
b, KEGIBBOBRRICHOEMNRFETHD. 22T, AETHHIMRH L H
BRICHBZETHEBD TAIERKICI O REAREZK L, R EGEMIC AL G
FEBEBRBELE. 2O, A A=A F7 02774 7BLUEEE CCD A
ASERWTAKERABOREERE 2T, IHIIANEKEZELIE,
ZFRZNDOEBFIZBNT, 280 MICRO 70— 7 %2 W= KRIEIEHEE O
EilA, IHICZOR/EEMERNNEL =.

72 EREBEBIUVGE
7.2.1 EERFEEOBIRS

AEBRTCHWEEREEB LI UHZROBBREX 7-1 ICRT . ALOEEER,
EOICESZUETZ VRS 2 b (280mm X 280mm X 1325mm, L FiBam)
DOLWPRIZ7 254 MVUR T2 OBBIREZEEIFEBEINLTWS. BH
WIREIFADOEEIA F71d, CR FIRES (KIKUSUI electronics, Model 417A) 1T &
5% 18.5kHz DIEXE %, BIEONIAT—7 > 7 TR IOWIZIIEL T v b X —
%4 (TOA, HF POWER METER Model OP-1R) Z@& L CT1T5.

WA (BXTH) &, MEBT AR 7 (FIYA4 X, JPV-W) IZ& >
THEFESICHEIND. BESOT— VRS ek ReEz, 8
HET URPSEEBICHAREREES L, EHERT— KD S 400mm FTAHIZ
FHE = W= B 4mm OB AL (NERR 20ms) ICX>THRAIhE. A
KD MY HIZBINVWZRFT 4 LA - ¥z L —4% (Stanford Research Systems, WC
Model DG535)% AV, BERMERZIZ ZEmAIC U TEESTHIBSORE &L o 7=,
BB, RKBEMNCLD EANRZ LD o= kRE, 7 Mgk b CO, % 1E
FUBEAKTIEELR>TWS. RBAKERIT, H6RNREN 44,63,11.0
cm’/min DENZNDFRFIZBNT, 120 BT DD ELITH, BFREFTDK
RIBIEEE DB %A A T=.

722 OH ZYHNBRENEB L UBE &5 ORBAESHRIHDONER
RKEBEBRENDREARDPSD OH TP HIVEBAEHGITTFET 2
% (O EE 308.5nm, F{EIE 18nm) 2 E L TEHBXEREINSEE, 1 A—
VIT—=XF—2=v b (BRF M=V, C4412) FEAL A=A VF P T 7
47 (ERHBFZV7 X, C4273) &> THEIEEh, VL —L U X &N LTEHRE
J& CCD 51 A5 (Kodak, Ektapro HS Model 4540) & D HUD ;AHEE 4500 5/
MWTHREIND. SFEBENATIEREEZBEOHK L, EWEFER»S 18°
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T LBEICEREINTWS. {oNEERT — 4 I3 EHEFEE 256 X 256 pixel
(FEZERT 95mm X 95mm IZAHY) T 256 BERICEESHIh, T« U4 Vit
Xh3.

KEPOBEETZ ZHA5D OH 2 P AHNWVERENXIE, BRI LA TIEXM L
HBEINMICROARZSWIZMICROBIZE > TZEhZENENIN, 774
NEBLT, BARBEA~NCEHND. MICRO 70— 7 ORRKIZE 3ETHR
LTW3/z8, SCTIHERT S . XEBRTHWERARHEBOEKREZR 7-2
{Z7”R9. MICRO A, MICRO B, ZRZNIZL > TEI N KERNIE, K7
FANDPOLHEHIN, TVA—-FL XL TETHRIZEN S, Z0HE, X
FHB7 407 F (HXREZRT, FLEER 308.50m, H{HIF 18nm) TEREXZ
FrEIh, XETHEEE PM GEITK =2 X, RI06UH) THHEINS. XE
FHEEED S O AERIL IV B85 (NF Electronics, Model LI-76) 12 & b &B/E
WE#ch, BEDO V/V 7O THEIESINS. ZFLTO—/)SZX 7 4 VY (NF
Electronics, FV-665) THEEWK / 4 X&BREINEZH, AD I /N—4 (Elmec,
EC-2390) (ZBEEURFRE 10us T 12bit DF ¢ ¥ WVEsk&E h, /S—VF)Larba
—4% (NEC, PC9801-VX) IZCERhAEh 3.

X 7-312&E0 MICRO7O0—7DFNZNDEHRMBDOAHRILERERT.
X, BRI EAICRZ 2 VWED, ZhZzhicafifbE /- MICRO O
MTHD. FERMUBEOTHRILIE, MICROICED{FIFSNE=NXT 74N —T )L
D L D He-Ne L —1F (Melles Griot, Model 0SLPL479, H /7 4.5mW) % A5 L
T EDBTES. BIEDRVMICRO 70 —7ICBWTIERMNBIX T
TOBRREHEAICBNTHE—-TH D, EERBROL S ITEAABRHOBDOHRERD
FBIZBNTH, AIRAERETAIIEDNTE, XEROABIERICRS.

B®O MICRO 70—7DZ NZhDERNE & ERBOZERIMEEL X
7-4 IR T EBHTHS. MICRO AIXEMBIFRFRDE_ L 4mm, MICROB {Z X
S5ICFD 6mm LAHICERMNBNLDLHIIHREINR TS,

73 EREHERBLUER
7.3.1 HHETHEFOFME
EBFHEIARCEEE L EBRECBERLTVWEIDEEISNS. £ T,
AKRTHE, AAERETOIRIC, MEKYy 7SREGF2HVWVCEHETHEE
RPOWMBDORHEB L VETEE DA 21T o /. K 7-5 L F hZh ORBLLS
FECBI2HHETHEHBROKNESFTCHS. TIT, Y 7IVEIE 15,000
EDMmEEL U, it kv 75 RESFOREMEL, 2AD MICRO 70— 7D
RAUBOHR, $abb, XEEBEREL,S 7mm EAICERE L. MHPIZi,
BRI BIT BT T )V ERE D,,, hiE O 8 S5 FEE U 3 L2 O RMS
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EUZHOETCRLTVWS. I2T, @iAAEELEMETREZERAME L
FMEOETHEEDZETHS. KLY, EEAHEEOHMIZHEN, Yo7
JVERREIEML T &b s, KESGPOHT 2L, BNiticEZ
HmxeTd, KHESHGOEL—7OMBIRENLET, ZO—F CRWNEDME
DEEEEDPERL TSI EDBRTENSG. iz, REREOHME LI,
HEOEHAMEEL LT ZO RMSEHZNZNHMLTNWE I EDBDb2 5.
X 7-6 ICHMEER S AAEREOMEEEZRT. Thi b, MEREIRKENIZ
FEAREELSEMT IEAN D SDN TS . THITMFER RIC X > TR
HEDVERLEOTHD, TOLOBMNHREOEKRE & &IZEHHFEEE D RMS
BEeEMUEEE oD EEZIONS.

732 HEEFBAROEESEEREY

K 7-7 KR KBEOHREBEZFNAOERRELERERT. AAE»PSH
100ms DR, KBIIEKEEZFE > THREL, 0%, FHOFELEIZ X > TKREEK
BRELLEATLKS. ZOROEERTIE, KIERKBIZAKEDBEKEZR> T
GIZFLTWL VIHDKEEF K K2 ERNRZE L, REEHOBIRETo /.
X7-7 54T 5 &, ZERFICS V& AR B U CRERICEE DR X
NTWBEDICRZS. LIL, SITHRELTWIDIIKEDOBEEBREE T
Hb, BEXLEPOBEEFOATH 5.

IR DEBRIZ B WV TR S VI TR DO EEE L U FE K HIE P FEREIR &
WMEY 2 A —DMEREREZHEICT 27012, OH BXE L C, /5 RENE
72 6 NS X —BELLBOBRRRARRE 21TV, MERICHEET 2MEL ©
TUVRKRSR 2O lEE R 2 TERSBIRNICEIEL, ZOEET,
WG Y SR —DHLBRRIER L IR > TSV AICHERT A ERLE. LDL,
WIThSBREEBORKRRTH =2 5, GIZARORNEEE %R &
FOCBRI I TERDP o, ZOHERKRTIE, BHERTOEIEX
KIZBITF DIRERISEIBOREBRRICOVWTEREMZ 27012, OH BH4EB
L UFATHEED S5 D OH 2 P h )V BHRMES O RIKRRTIETH ZTo /.

7.3.3 OH Z Y HIVBEFHNELFFT OH 2 Y h)VERENXORRRATIERIE X
VBRI K R DAGITEE D HH

X 7-8 IZARFRE 4.4cm’/min 2B 5 OH Z P ANVEHRENEREGE, 28D
MICRO IZ & > THRH I N/ OH 5 P hHIVEEHAES 1, OEKRRTIGHE R
2T . HEHR, +AIXZFhZh 280 MICRODHIEMNERZERLTHED (L
MICROB, T : MICRO A) , sUKRIDEE A FICIE A KERES HDOE TR
LTHs. BEINEZOH 7V HIVERNOEREDS, =3.3ms (ERB) I
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BOWTEBERROREDHER IND. FLTHER, BEADPREID, KEX
KDBERINTHRLZICEELTW L. ZOB D~H OE{HEF T, EE DR WES
IETHEL, D WEBAHIBATH S EBbhb. HAE, BEORWEED,
YEEE DB S WHEIRIC KL > TERMICEN > TWBEFIBEE NS, Thb
b, TEAGIZEH, ZOBBHICBVLWTTEE DD T V& L EBR B
INTVWHTNWBZ eDbhd. S TTEROEIED EBMIC—TIERL,
BIRMTHDZEHBRTENS. T2, BEREPSVFLIRS WD EEEOMH
RIROERBRIL, B—m@EE /3wy 5> Xy BRI/ S B IEBAK T
HBEEZIONS.

RIZ, RIEAROGEIEEEL2ELET A0, BET22RADP5D0HZ VA
IWERHAESE2EHR TS L, t=104ms (B CIIHE) ICBWTOH Z YA
HEMEEDLH IS BHERINS. ZOK, RIKICEBEIN-EHEGE CIZB
W, BRFEAKD MICROA QEIEMIBZEEALELD &L LTH D, BLBAT
FNEHADBEILSHIGELTWAZ Db S, I5I2t=47.7ms (B G IZHIG)
ICBWTMICROBIZE S OH Z P ANBEENESIELL LHBDII LY, DR,
MICRO B DHIELIE Z MEIEBL TOLEFHERD S DRSNS, Zh
&b, BERETHEZDZ KEBEIET ZBED, MICROA & MICROBDZhZEh
DOH ZPhHINWVERBXOKRHEREZEZ KD S &Ar=373ms &2 5.\ E,MICRO
A ¥ MICRO B ODHIEMEDOBIRLIEL 6.0 mm THED5, RPITOARRITHE
B VikkA,

V= L/At (7.1)
£ho016ms &kES.

AKERTIE, BERRZIHRTHO, FEY - ZRNICTY—THEHI L
EER LU CAKORAAERESERFHF I LICH 120 @I DTV, ARERITHE
B OHETNEH 2 A= . K 79 CRAKERIZK > TR SN =KD ITOAKE
EHE V OWRAHZTRT. BED, WTFhOERFLFIZBHTHEIITD X
RIGITHEE D FIIEIZH 0.29m/s THB &b b. COER, siETHESHh
EFPREEBARPOGIIKAKOEE (9 2.0ms) ICHRTIEEC/HIN. F
BEAEERIIEBHETEZRICHRTEANDGKREL, 20, KAGITEE
HEMLEZEEZIONS.

FREEKRTE, BHBEHEICLS FARRITFEZIZIIFLWVEZ LS T
W3. 50D PDAGHAIREE T, MEMELIGEZHEMIETH, KREIEDEICE
BB E2RETEIND 10um UTO/NREROMAEIITEALEMLU TV
Pof. FDE®H, TITHRHREEHEMIETH, KARITEEITITEA
ERENHSDWRDPSEIDEEZIONS. Thbb, W 5 RNEFEDHTE
DHEMLTH, AEREIEHEEIZIEEESEZRVWHIDEHREING. F2, K
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RIGIETEEDEHEIZIFEAE —ETHHH, TO—/THEUERFZHETH -
T, BEAKERILIZKKRIZFEERIARESLESDNWTWS., 202 &,
B KSR - ZEERICTA Y —BER L 5L 2mBE L THED, ZEMH
DRFTEEZ S5O 2EBEBORMEIC L > TARGIEEENED D, FIRERAKK
TRIEDPRESBLNSTEEZRLTNS.

B&IZ, SCTHHBLAEAREEEEL, RPTOXRKMIIEETHD, K
BIIIEBROBETHEEOCKKGIZIC I > TE LA EONELZEZRT I L
EWHD. FRSODERIZBWTI, MWD FIHE I MK BER] & K 5E18
BTIELA LR DS TWWaRWL., —F, MAREE KEEZHWEER®
TiE, KEBIBIED LHMBEDIHET S EPMEINTE L, S&, BEOD
KEBEIEEEDOEHIZIEL, MICRO 70 —T7 2 AW RDITO KKEITHEE &I
MRy 7S REGCLDIEFROZTEEORKEANLETH L LEDNS.

74 $5

EFRPERIETIALEZEHEL, RIEAROFEEZRAAWICELE TS0

2, BEHEZFELOSHHEZT LTARARREEEICER T 2MHNBEEL — R

TKRIERK U THRIEER ALK ZEB L, OH 2 Y h)VERNEE L UBAT OH &

THIVE RO ERRFRFIEHHIZ T, LTOMREGE.

(1) THERELESR, ZORZICBVWTERBEEDS V¥ LRI TW KT
DIRFRESHICIE L S i=.

(2) KEHPDOMBEET S 2HEADPSDOH S P HINVEHHEER 2 850D MICRO 71
—TEHANWTRH L, KR CEEEOEH ZAA=.

(3) AEROEHMWICBNWT, BRHREOHMIMIEIFEYKXBEITHEEICITIFELAY
HEEEZRVWY, GIEFEEBEISDEEIRELRS.

7.5 ZE K
(1)  Williams, F. A., Combustion Theory Second Edition, (1985), The Benjamin/Cummings Publishing
Company, Inc.

(2) Li, S.C.and Williams, F. A., “Experimetal and Numerical Studies of Two-Stage Methanol Flames”,
Twenty-Sixth Symp. (Int.) on Combust., (1996), pp.1017-1024, The Combustion Institute.

(3) Gomez, A. and Chen, G., “ChargedInduced Secondary Atomization in Diffusion Flames of
Electrostatic Sprays”, Combust. Sci. and Tech., Vo0l.96, (1994), pp.47-59.

@ EWE, SAREEAXROIRK, RIS CICHEEICBET 2 %0, KEIRKRZ1E 15,
(1997).

(5) AR, HERER KEELR, HAEE, HREGE, <d@ P2 RiE T D MERKKE X
KOWEBIR (FE28H) », HEREHWERHFE, 61B-582, (1995), pp.752-758.
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B (3.3 ms) C(10.4 ms) D (16.0 ms)

E (22.2 ms) F (38.0 ms) G (47.7 ms) H(107.5 ms)

ABCDE F G H

300¢,
200},

MICRO A

zlltl=37.3 ms

O :
300f |+ MICRO B

O . . : IA 1 A 1
0 50 100 150 200 250
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X1 7-8 OH = ¥ H)VEAFRN L RFT OH 2 ¥ )V EFEYED ERFTHIFE R
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Probability %
S
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EFBRBEL T ERNICLLSFAINTORIZ b5 T, BMESRDEE - B
¥, BERFUOEERLE, EFRRIEFICEL CUIREFZRICELITIHE W
DWFEIRTH 5. L LESE, HIKRBEBREOB AL, LX) BRI OEKE
EBEHYE KR T HRBEERORBI RO SN TE D, BIROF FOFBRANIZ K
FLLE&RE - RTFETCIEDROTHD, SEBEIOIBLLIRDLTEIND
BEVEOHEARZRART 2 2 LIXBH TRV, FOED, LOEEED
H512V—2arI-FOREDPLBEFRARTH D, ZHITIIEROH A
DEBPMLBER LIV >FETHRL. LrL, KBTHELE LToMtEL2E
TLOEBREIEFTRDPRETH », BHEAEEEICETI2ERNMRIE, A2
KREHBUTHEFELIFTEL TS, RE, BHFREET )L & LT PSI-Cell
ETFNREDOBRERBEEZ AR L ULEBICERILINEZETVDBLLANS R
TWBH, BH, RSP RI NS KKIZ, BEROBHLE ZORRICL -
TEBEINIIBE_HRE LT OREBKDORIGOERTH D, BHFLLTOR
BB, BEOFhEIIKRELBRHOTVWBEEZIOND. 200, EE
ELTOMREDZHBET I LIPRIEETHY, EOKLEEEKB L
EEBRRETNVEEANOREERETHI LN D.

ZIT, RARAXTHEIHEZ KLORRERE 2R T 570 DHENEHE >
AT LDREFERITo . BAIC, EHHAICE CHERAShTW M rky 7S
SRR ZMRG CEA LEBICE L Z2BECDVWTEREMZ ,, RWT, FFR
FEHEBRICH NS DI H7/=ICBAFE L= Multi-color Integrated Cassegrain
Receiving Optics(MICRO)D K BRHIMEHEFTT 2 17 > 7=

Z U TR D BRI E IR B TId7R <, BHBAXROMBEEHIC OV M
By - ZRNEH 2 ERICANEEREZTS 200, Ml kY 758, BF%
HERAITIZ, L—YIC K 2EZEWTEOAIGLEBORERTIGHE 2RI 3 5 3
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HREHEBEL, FRABEEARICEALE. FREEZBKREIFMAIEDORET U
P=ATIRRIEE 2 ERRICE > Tk L, EREIND FREEBRZ /A O v
PREICE > TRAETZHEL RoTH by, WHLAREROR) v 7HE N
MAOMZ oN-HBHRENEEERTEZIIENTES. ZOZDEFERD
BRIBEZEHE L ALK EIZREOBRICHEL TV 5. ZOKKIC R EFEEH
A7 LEBEALUFER, FRABHAAPICBVTE, BRNRAREEIRE
LT FRABRZRLIW S h, —HEEL ZEFRITREBICB VT
IR = UTHBEL T BRFDBEEI N, 3510, RIFKKOEE &
WiET 5 A9 —DHKEE ZBEGUEFRETPSEH L. TOKE, BEHEKAK
IZBREN - BT A —REER2 L > TW5 18, RIEKKEE L HWED 5
2 —DWEREIZLBICRERITILDEE2BEZHDD, HEHICIiEIE X
REFEITHE Y SRV —HEEELDIRERER LD I EZRLE. 2,
TIREEHZ AR IIFRE KKV BRI A EFER>TW 5
T ERHALDIZULE.

DIBNT, BEFEDIREEECRIITEEIIODVWTCEHANE. Z20HT, F
BEEZOEYREOEME, KRXREZMBETAHA@IIERTS—5HT, FRE
EHEMKPOEIEAKEEICIIIFEALEEREZ RV LR LE. 351,
FHRT KRR GRS R S BB HGE — RIS T 52 2k b, BHER
AEICBNTHRERICEEBEET I 2L PIT L.

¥z, PREBEBARIIRD > THHETEBFREZZEMPO —RTAIERA K
LTESNBIEREARIIONT HEEZIT, ERFEDEVICK D AREE
HEAZHLBR L. Z0OK, AERIIFEEOHBIZIE, ERPO R 2 FA7THE
PHEDOHZPHIWERENESZ 280 MICROZO—-T7TE2HNWTHRET S L
L DTV, BONE/BRICN L THREIIILIE 2 RA .

BTFIZ, BohE-HREENCELOHTET.

OB, WERBERICMMBE Ry FSEREEEAT ABICE L 2BET
flizT> 2 & & B, MR v 7IERICE WTHEE LD K KDOEEDEHHI
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