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1.1 FAHLE

PEBUKRITIREL & BREAID B 2 (R BERR I HEE S 4L, HE8 - IRE LR DIRBET 5 kR
THD. TIBRE L B ERIDREERTNICIRA SN 5 TIRA KRITH A TH KO fERRMEH? 5E
WZ &, KREZEGEHEDBENI EREOEENI DY, ERRERS (KA 2, MBYFE, F X
H— B UREERRE) TEL AV DN ARERETH H. ILHAREZREREL L TRV
BB TRILHK R & ELIRIEA R 5 505, —HOFER/NREERs & RV CLEMIZAWY
LD ERAREER TIITE A CELMIEBAR PRV ENDS. b OERBEROEDER
1t., &EAafHE, NUEEOERO T DITITREES ORBEREPLE L SNDHN, EFEOEK
B E ORIV EHE AWV BRERNOERRED Y I 2 L—3 3 UBREAILITD
D E Do TE. L LEIRIEB KRN OBRBRITELIRSE I T 2808 & BR LA DI
B, ¥k - IRE, LERIE, BE, BVRE, SLHGRRERFRRICELZEABRETH
v, TNHOBEREET /bR LICESEAL L CERRERN ORI K E REBIZBV
TEIRBED Y I 2 L—a VBT Z L IBERBOHEROREN TIIARTRETHD. o
TINOLOEABREET MELIEARARETADBAVON TN EDORERTHD.

HRAKRKETND—2L LT, EMARIIMENICRNTIEEZZ T BIROKKF 1 E
ALELDOTHY, EFV IRV I 2 —3a UV EITHIBEOT —F_—2 L LTRBIRA
ROBHEZANDKEFETARDD. ZOKRRETNVOEZFICESE, ITERICE
Fok R OMERIHEE L L TORFRKEIZOWNTDOERIH H VIR L < 1T
N5 L2 ot. ERTIH UV —VFEHBIENOERIZHEWVIERI DZIRITH R KR DIRE
RIERCFAERERIENFIREL 220, E-EEMT T ERO®mBELICHEVW BT ARIC
B OAKKRPOEEBRBELEL L FEXLEHEFHE T LI LAFREE 2D, EREEE
FEMT OFRE 2> D KK OB ER TR E 2> TE . LLID XS RHRIIRER+
HTHY, EIMAROFRRE L L TOBIAKK DM & B IR A K X UELIT
KEOWBRAEECKREEERLZEREL, THEARAROET ) IR0V Ial—3
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VOIDIIARFRTHDEERE L R>TWND.
EBEOELIARNTIE, KROMIERLME, FEEFEM CIIBHN, BEMICERL
Hl#HT 5 L ITRETH L. ZODFHOBFBRMERLREHREORIENES 2k KkE AW
RIS LE L EZ OGNS, BRILEKRROBEDO—>ThH 5 X HFL/E itk
RITKRDMBRLCHFBR EOFBERENES TH Y, ELIRIEBALRORTRREL LTOK
ROBELEIRIZE), HRBERIOTORERT, KkKXMBORFIIHOPE, FEEERME
RIBEHR S EOFEMARFERIGE L TWD. RN ERE L ToOMMRBIRIEEA LT
BAERATIC X DR 21T D IR L TR R L L TR W3 <, BFOHER DR
THETNVERAND Z L ES KRN TORE BRI OWE), 58 - 1RE, )ik, BE, #
R ENFRFICECDEEERZEEEET 2 2 L1280 AROEESKRNT TE
CHBREFHMIBITCE DL, ERERETOICEL UL, FEREOHBNES 2
TLERHBHEMEOL OERVBARERILREONERHDH. T 0O X 5 IxtmiRE iRk %
ARG E L TCERLEFA—OFFTHERTZTOHEERET5Z LIk Y EROBER
EBRT —FOEEEEZHERL, ERTIIEOLNARVEEREREHSEOE L A FEROMERA
WAREL 72 5. SDIEREMTOBEVDORERE T 4 — My 7352 Lic L kKiEE
T OBMEN I VIREY, EBEFTENTOM L& ZFORNEORIENFIREL 12 5.
KX TITKREZHET D37 A —F OHIHNPES RERILBREORERZ L LTO,
SRR ERIEBR KR ERR E L, L= BEEZAWEREREEZITO 2 &Ik D kKD
BRRFD IR TTIRE S 25 5. ERPUSENF & ZRSIERE AW BERET 2175 =
LICEVKRIBE, BCFHERBEREZENTS. ZhohoBONERERLY, EEE
BNC L D ER ST ABHER D KBIC OV TKRIBECENEHFHE LTI LT
(2, KROMHE - EMEOKKHR, BIRIEBEIRSOIEE FHEEN KR OEE, HRBEZR, K
ROBPIZER BRI TREZRARICT D, ELERROWIEERTHOE LN
REREPHRT D Z LIc LV EREROGEME & BUERNTIC X 5 KO TR OF ML HER
5.

1.2 HEEDOBR
ELIRKEET IV E LT, Peters HIZEBREFET NV UMM 8% 5. ZTELFE AR
BEMCRNEBROKRANEES LTZHLDOTHYEFTY LI/ I a2l —va V& 1TH
BEOT —F _R—R L LTRBIMAROEEEZANELOTHD. ZOFETVTIIYE, K
RABER, A D THEHFREORZIMBER BV CBEFBR LML Z 2 2L Y FFO
— R TTAEIE RO KRB E LELTRBESR 2 B T2 L W IHIB X HFILE S bOTH 5.
KHAFEKRIII T DB E T I TR O EEZE Z D Z &I L o TRRMEROR



1.2. HEEOWE 3

THBELBSICEMER DL ENTE L0, KREECHREIEOEBFRICE L T
W5, ERKRAETNVORAEE L LTOARTOT — & N— R DBEHEMI T &
7201, KRFHEEZFIBLLTL, Eh—RIOBELFFOZ & L VEITHIFEZITO O
WZHMELTWDEZ ENHEL OMENRRINTE .

BRI 72 S PRE AR ORFFE & LT, Tsuji » OB B~ 835 5. 2 h b O#F%E,
ZHEOBESBEOARENA—T 1 oREH LB BEAICEZET 2 ER L OB Oxt
MFEE OB & EAREBIIERENDRERKFIONWT, (LFEERE L BE O
72 BE 2TV K RIEECHARRZ A ITVDS. IO OFEITAEAETANEE S
NAHLRIOHETH DD, T OBFRIC & B RITH% Oxt Ttk & OB ERENT 8 o
TFT—H_X—2E LTHRAVLN TN, BB E I LA 2B S A5 —F XM ST
Z O X ¥ BRI S D 3t E A R T S & F D A RIEENR — KR TEE T
HHI LD, BEFFTONTF C—RITER L IERFREXE AV HER e S n B~
¥ BERNTRE R & ERBEROLE 21T O e bIThn T & 72 WBINI6L st m k% o
BRI T AARRMEROEBIZ OV TEm L TWAIZEE LT, FlxidA& v
B a5 kAR EE LB RIZOWTER LTI L DR 2 S, LDVIZ K D%
[ 535 0D 38 BE S5 A7 O FHEISOE B A BD (K RAHIRR) L ERIC OV TSN T, E7okFR
ERRELE Lot A I RIZ OV TS T VU BELE AWV KRN O EEORE L
BERIE & BUER B L DM ToN, kXEER O ONTTHRRR & KRR OBER |
ERLIZ MR ERH 5.

KEHRCTOWERB L OB BB OBIRILEL (VA AEENR) kRO K RAEER
HERESZEICBIIETERBIZOVWTONEIZONTHERENTWVD. FlziE, HEiETFE
B KRNIV THBEPR ORI MG TIRE KR ER LIERICRT D8, 2L mEE OER
JEHIC X BV A ZEDR OB OV TERB RSN TS 18 &7 R fiyrEuk &ic
DN T B OFBIRIEHN A ZAFENR O KSAEE R 2B DUV TR R SR AR AT
MR EN TV D WO~ FFmRCKRICB WO RIIEBOEEZ %15 2 L B LMIZ
En T3 AR,

e, FHEMOREHOmELFEEFORRBIZEY, EMAXANTORBRESE LTOK
KERMOTHICETIERBLOKEREITCLDHENS RENTE L., TRICITER
IZBNWTIEL—F ORER CCD 7 2 7E DR HERDZRITL & @mtEaell, EEEHEIC
BWTRERIGE SRS REEET 2 ECHFARNAT 2 7T A TH%H CHEMKINZ~20
ORBPRELFE LTS, BLAROFRBEE LTOXEE OTFHBICET LML L
T, AR RS EIEBUA R IR 2 ZERA b E R S BT 5GE Ol & RETHE X OB
INERR L FEATIC L 0 2 EN T B BT 7 kBB LB S BRI k2 D Al E
T2 IXAMA D> & ME 2 2R SR T A O KK OIEE HZHEE & HRBRDBEEREATIC L > TR
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RENTWD B FRAKKRTHAKLEBOFEBEBRF LN TS PIB F Rk
KRIZBNTHilmE KROFHIZ L 2 RETTER & KREEIT OV TERICL DBEENTD
B FE T KSR L E S5 O RIRHEIE % R FIE B 2ot L TIT VW BT O K &k
REMEL TRFAEANEESINTNA B, ZFE5L 60O L X(T LT, Sk
B RREHAE 7213 ZB& M S IRELE 72 I3 B R O RATER 2 KR 5T 52 LT kY
EEELIIEEENRELME D KRIZ O TARER L BE L 7BIRIEE R, kk(HE
TBRKRIZE LT TEERLKROBERZETOHEE T FHEIC OV TER EEMEEHEIZLY
SRR RN 24T o T & 7z B3IB

E, KKDOIEEFFERCIHEETARMELZ T HBEOKKBECTHADOFHEEZH L0
T AL L THIARARZAWTERENZ RENTWS. fixiX, FAHEET 5xH
FRIIC & 0 A2 AR METEEA R OW TR BRSO A A MIER L EABRR, £
Te KR DISEIZ DNV TERRZ S ONCEEMRITIC L V@R L T 5 BBINB 257 o 7HH 5
WIE T RICELT Dt ATtEIC R T 5 AR OEEEZEIMCET 2HFELREIN TS
B0 & 7 AL BN T B R AFTEIC & o TIREERIR K RMIEE T 2 EEFRE KL
IZDOWTHRAE OIEEF N KABEICE JIFTTEE M k72 kK DIEEHEHOHEAL
BB T D5 FC L 2BBENB LIFTEE B I W THEFEIC X 2R &
NTW3., FeAZ a2k LZAREET 2 ARMELZT D AEI
DN TDFEFEZEBHCERKE N DOEEIZOWTOEIEMAENT 48 BNirahTna.

1.3 A EOHHEHE

AR TIIKRERET D37 A —F OHBEANE G 2R MR RILB Ak K 25 L LT,
ERCBNFE L SRR BB L TCBIERT, 2o L— D BEEEZ Aok Ko Z
RITBESAREZIT D, T ER O MBI TEEIEEA RIS OV TEEM R EBERT 2
FTFOKEEE L L NICT 5 L L b IR A R AREN KRS K RBEICB X
ETREBLTHALHIIL, BRAXKF L LTOT—2OEREITY. WV CRFTHZRBREE
T ZEROEFEERIC LV EFHREEITADKRIMRE E 25 MAFIEHkRIZ>
WT, ZIRFTIREESTRIE & BT X 0 BETHR R E RS ORHEEI Ik K2
BEZHONITTDE L BT, KREERDWITHERBARIIXT D KKMBEROME, BN
VRO BERAL, SOIEEFHNREEITIAOHMERLELMAEDI KRIZOVTHEK
HGRIe L ORI KR OHEEEEB 2RI L, KRFTOBERSSKREER LW
HRAZBCZ OROBEAAREOHEEFHROLELDER L EE L2 HAREIZTS. 1A
RN TR FIE DSBS D8, EROM RS & - TRELZZIT 2 FE KL ONT
FEEFZFFHOMBEREIE, EERBARICHT D IREEARECHEIRIE OS2 HHAF



1.3. AMEOBEMERE 5

L VBHALNTT 5. ETLKRBEICT HARMBERCKRBROFBIZONVTEH
BB ERD DO, IR - MR AXEFRE LHENRE UCHERITZ1TS =
TRV, FOKKEETRALIL, THAOERICE TR L ARMIRRLEZD X
IRBIBITDEEITRDOKKRMBOEELAKIZTS.

BRSO EMEIIROEBY TH 5.

F2ETIE, MAMIEBKEETRT 2O DOR T/ N—F=0, kKO R THRIFEE
SAHEEEZIT O FEL LTHWEZ L—Y « L— U HELEIZOWTZORIERER L OHIE
EBIZOWTIHRNS. £, L—UBELEZAWTAKROEBESMBIEZ1T I BEIZ, kR
HCHRNSBRITE O RICL 2REREICA L HBIEREOCTMEITD.

B IETIE, RSB T 2EERF CAV I ER RN, MhBEEX, ERERB L
OB EEZIZOVWTRT. £ kKRB OFMIEIC OV THRT

FAETIE, KBLRE L LT M@ inE ® FEitBek R 2R & UTEERT 21T
T LWL AKEELZHLMI L, WEBORRIESCH S WEMORRIES, £7-K
RMBRRENPKREERCKKIBECB T TRELZHARICL, BRARFELTOTFT—#
FEBELLD T 5.

FEHETIL, KRLEERDBRER TH HBE L BRIROR TS THAK SN 5 FEiEE
KRIZHN ) Zh bR E IR 2 R E 72 R D EEMICMN 5T 52 &1
LD KRBEEOCHEZENMIEEZ L EOTXBIHARICONT, EHEFEEICKL D AE
DEEL L— VEELEE AWK RO ZRTRESARE, 720 NNCERIGBIS%E & 2K
SRR R BB U BERNT 21T 5. ZhUC ko TR kKB AfaRT5 L & big, Kk
RIEER D NTHERBABIIK T 2 K KMREFELHEOLEL L ORFRHRBHLOEL 5K
K2 fERT 5.

FEOETIL, KELERORER LB L T D3t mFinBuk 21 UEHAE 7213 1 b
A THDESMD BB E T ERORFTER & JEEFRNCEH R I, KRIBETHIZIE
EFHREEMMT I LI > THEFHRESLITADOHRE KRMIBRLED kKX
BLL, KROBFIHERBESOEZORIES BEABRR COFEEFHSE, L— U #HEL
BIZ L DARRIBE DR %8> 72 RS & RO E S KISBN % & SRk s
ZR LT IEEFBIEARNTIC L VMBI 5. Zh bl X o TREABESRFTHEARS
BLUBEEKBELER EDKROBERLEZHVHELHRELAMIIL, TORFENRESR
DAEUDIREA & Z R 5.

ETETIE, KRLEEROREK[EE L T o0 mtE IR mitBuk &Ikt LR, 2
RIEIC B 2 REEBE 5 X e kKR ERMR L LEERTE1T . 2Tk k&kDdk
EFZBEOBMER SN, ERERRABICHTIRZELZRHALNITD.

HBE T, KFELERORAEZ L L T 5t Mt E i iIEBk &Ikt LT D/ —
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F& 7 ML EICEE S IZRE| ) A E R TEREMAL, ZERMNAOREIEZ1TI Z i
EoT, HBOMICADMKRROEVEMREMEI EFARERNZRE UTEERTZ1T). Z
I K D3R « EREZ A O SEBUKRIZ BT D KRBESC KRN, F 72 Kl ROBIRYE
BORBEEZHARICTD.
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2.1 FAME

VT4E, ELRILBCA R OBIEAEEDET LV E L TRETALENEZ BVbinsd. Stk
KRITKRITER EORREHEZHE LBE LT b 0EEL S RERI AR
g OFRICE LT 5 W~ElL

SR BV ERIZE L LT, ZHERFTAN—T ORIE X EAREFEICHR S
NDBEEIRKRICODOWTRE LIREOFEMREIE 21TV A REESCTHRIRA LA~ DH5E
BRENTHWS WBL - MERICER SN D AT FIRAKRICOVWTHIEZZ T 5 X
ROBREME~DOHMBOEEIZ OV TOERIC L HHFEMTOR TS B E=dmitT
BA KR UKROFEME L TERIZBIT DR & VA RFDERIT OV TERBIFFFE T
PR TNB T, & BICHRIEE R ROV TZEBEA/IN L EREEH L BA 0l L k&
OHBEVERICOWTHRIEB LI LDV ICE 2EERIEIC L VAT 5 B,

AT, SEREEIEECA RIS E R £ 73R E HRNBBHMA £ 721X =R M0 b Rk
FRIIEEOI  uEREAEHEICLZLICL o TRMEL E AT RREFREL, Zok
ReMBRL L TAROZRIEBRFEESMAEZIT). AETEZEDOKREERT D7D
Ox TR S—F, RFAEZE5X5TOORPFMEH ) ANVIZONWTIHRRS. N TAEOZ
WRITBREEESHREZXITY FEL LTHAVWZL—Y - L= #EUEICSWTZOREIER
BRIOEBRTHWAEEEBICOW TS, £/, V—UBELEZ BV TARORE
SARIEZIT O BRIT, KKRFTEN L BRITE ORI L HEERFEICAE L SRIERED
FFl 24T D .
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2.2 EREEBELAZE

AEHTIE, ERTHOWICHERA—T, RAEREZNET 5720 O[/FTEH / AVED
Rl L ERFIECOVWTHERD.

2.2.1 smEiE/N—F

ARER TRt MGt N —F1, #xifredE 2 o0 0 AR 43mm OlRE S 7 F %[
DENZERE S MIC ETFICHM IS CERBELZHOTHD. AESETRE LI AA—) Dk
TE7 b BED D WITEERITH HERER M ST TERSE, ETH 7 bbb o
FD & ERBIAHL TEEARBERIND.

X 2.1 i AR THW R Eii S — T OB 2. N—FREIZIIT 7 A v —XE,
BMOMERIT TS, BB ELEIEREZ IO TR —XB, ROBERTEHSESZ
L2k, ¥7 MO TR SN FE S 2 R ORREIERL, ZRERNELND. BE
KR ETKT HTeDIZ, ETF#7 FoHOZEENZFNER 200mm OB ZEEL, bk
OB LT 7 ME, KEETEWEBRIZ L > TREND OMBEEEWE. £-EH
KRDIEHT, BEHE L BFZER & OB TZRAEBPFEREIND Z EBH DN, TOTRK
KROFERRE BT, 7 MO ZEEEEL Lo TV ARKE LTEZEN
TLEDTELEELRS>TND. AN—FF7 MNEARBIZTFEA—FIZERD I onTnd
BETyyXIZXY, BERECTRETETHS. RBAERTIINN—7F4 7 FMERI 30mm
& LTARERR LEREZITo 7.

2.2.2 RBEFEH/ X)L

RFTEL ) ZWIFOHARTRIOF 7 OF LG EE&IZEE Sz, NE0.26mm,
AME0.51mm OFINA T VABO RS b s, BEFEH ) AVHRIETRIZ 2 M
A¥RE 2> bmm O/ SIIALE L TWA. RFMEL AV bEH 2 7 RA1F, TRl —
FTHI IhOHRETAZARALRE—OREEOLOE NS,

EEORIFEH 21T OB, / AVHO TOESFEITREZRET A Z LIcL vk
ET 5. EEEHRBITELZ1T 5 BRICITERSF O LFRANCEE U7 FRENICEE L2
BELIERZOTRE, EAOBEBEFTEL /) AVOBICERY (i) b - ERF %5
BT 22 S X DB EIIIEROF/FTEEEIT . RETEL / XV 0 TO R
J ANV TOREIETE EFANCERE LI ENWERNOEIONT ALY TR LT,

BHEAIE, NAYAG L—FORRLEA A=A T T77AT7HH& CCD I AT LA
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‘ — Cooling
— oo <
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Air (Fuel) ! :
/ ] i <———— Nitrogen

Micro Nozzle —]

[
L ' [ ]

T <— Air (Fuel)

@
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HERS> TEBEOZA IV T TEMESE D Z LR TE, T XY BERAMRBIEOEED
B4 ORFE COIEHE KK O _IRTTIBESHBENFETH .

2.3 L—UEELEIZE D ZRITNXBERIE
2.3.1 RAIEERE

L—UHEELE T, AFLEREST L OBMENBERIZEIZBDOTHD. ZODHEND
BEHIIEL LRV, o THELEOERIIARHLLE L, KRESTFOBEIZL > TE
642 Z L. L— U EBELLRE IS FOREREICHFI L, FimoF0fEE (BELmE
B)ICL o TERDI DI FHREEORECERTHS.

LT RICBIT D L— U BELDERE [ T —RIRATREND.
CI,PAyY; x;0;

RyT

T, CEINFEER, ILIIASNRE, NiISTEEE, o IADHELWERE, » i3tk
FRERS | DFNASR, o, 1 HMEFERS I OL— ) BEWERE CTHD. £7- PIidEH, A
X7 AT Fafl, RylI—MBUTAER, TIHEELRT.

U— U BGELFEERE I (2.1) IRV T, AREEWmERE, ASAEREL—EITTNI,

CILPAy Y, z;0;
Ry
LAY, H(22) RERC LEL LR (21) 1

Ir=CI No = (2.1)

= const. = (} (2.2)

1

ERE, MOFRMEHF L ThHIVTV— Y BELREINEEIC LG 5. BENEMD T, O
EELV-UHENRELZRET S LICLY, ZOERC PRESND.

Cy = Ty (2.4)

CZTLHIFREL,0LEDoL—YEEIRETHD.

Lo TRHMDOBET 2HTHHOBMENRE [ ZRETDHZ LITED, REOEEITR
RiICE->TEHENS.
_ LTo

I

DX, REMOBESZEET HIIIRIBELRET HZ LICLoTEHTE
HOTHDHH, AREELEERE, ARIBEBLIVEAP—EEIIBEATHDZ L%
L i2d. AMEO L 51T, NdYAG L—FREAGHHKE LT, s \—F+2HAWTH

T = c1 (2.5)
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[E—
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|

e
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I

Equivalence Ratio ©
X 2.2: HELMEREO Y &I 21k

RENTZAKKROBEREEITIHE, AREBELEANT—ELLTEZOND. AO#
ELTEREICE U CIRERICBW T H EEDRKE TH IR L AOHEWEENIZE AL
B LRRWVBREEE R 5.

AEBRTIIREZKFRLERORERE L, TOREHLEN 15:85(FMHEt) obDx A
AV

X 2.2 IZAEBRTHAWALBRENTH S Hy:Ny=15:85(fAFEL) TIRA L TV AEHE AW T,
22K L DIRAE G E L ESE I & IOV THIRVEHEFTE 21TV G D N - WEEERE &
0RO ANEHENEEO LB T 2B E Y. KNP D o135 LN AR E
X O RDT-FHHEMERE, 0w IZEXJOBEWEETH D, K22 X0, HyuNy=15:85D
BRELE R WZSE, YEES 1 BLOBREHFERICSWTITEEERERILIEE A L%
KOFNEELL, EHREHERIAITHRENVERITZNZ EXbnD. EROFERTH
WAIEBKRIT Y RIS 1 OFETKRIRBEREL2 L 50T, L—UBELEZ AW
RIBEREZITOBIIIZ OBEHIE Y THDE L WVWx D, T THEMBODEY ZERD
HELMEERR P TEMNT IS TR TN, ZIUIEELKEEEBEHT 5 & & OBz
PEHEZITOBICERE LTEREBENEELTT9:21 TRALEATZAZZBEELTY
570 ThHY, EEOZEROMBKRE TENCERDITEHDTHD. 20 L L BELNERE
IXEBEOZER L HANTH02%RKESEHLTW AR ZNIEEH/NSWETH Y L— U HEL
EE AW ARBEREZ1T OO Z OBEIORRAEIZIEDL LRV,
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Nd:YAG Laser

Cylindrical
Lens

Fuel (alr)
Switch

Clrcult?

Air (Fuel) =
-

Function
Generator

Counter Circuit

Digital Delay

Solenoid Flame
Valve Micro
Nozzle
Air (Fuel)
CCD Camera and P.C
Counterflow Burner Electronics Unit

X 2.3: BIFEZEE OB
2.3.2 AIEHEE

2.3 \ZHIELEE OB A ~T. B O Nd:YAG 7V X L—H (5 532nm) % B3
EZRICE > TI0Hz CTRIESED. BIESNV—VHITESERS500mm 0V Y KU o
N X AW THIEFEEF O CES 0.2mm, 8 10mm O L—¥ 33— M2 UBEIEFESIC
AT 5.

/)/F)ﬁwv/xﬁ77/yfxﬁxfﬁwit@EW%%i74FXFyN~?
BHOZEIZEoT, L—FRRIY U R ANV R EBBT ORI T 2R EL
TE%%&&%%@/%z@%@%@ﬁ%%bfw

BIEGEES N LD L—F « L—UEEDEIE, V—PRICH L TCEEFRICEE I N
AT L X (AR S0mm, 1.2) TEXL, A A=A 0TV T774A47 (L) 28T
512x512 B DHFEF % H> CCD U A 7 TR T 5. £/, REGHHEHIEYRHE
WD LB EY) L T2 AT VR A=V Ty T 74 7T ORICEE LT
W5,

FEEFEORBFEHEZITIERIE, A A=A Ty 774 T L L—FBIUEE
D RFET % AT 2 ERF BRI ORBIIE, h YU AREET 4 VA BEREAVS. %
B ZBRABR LTI T 4 VAR EZEZTLV—YORREAA A—TA TV 7747 DR
FAZITO Z&IZ&» T, fEx ORFFBRICEIT 2EEEKKO ZRTHEFIBE SARIE 2

Sf— =

172.
CCD A AT WLV ENTERIT VI rn=7 XAa=y MIEEE S 200kHz, 14bit
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1.02 — 77— 1400
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9.4: EBED KK BEEBEHEONT & K RILE BKIEATREE)

TA/DEHBEN, N—=YFrara—FlEEEND. £ UTHIEN2.3.1 TRAZHIE
FEICH> TF — X NE AT Z 212k Y, KRO_RTHRFBEESHAEE5.

EHL /A XDl (S/N)ITZEKDOL—VHELZRET 2L 55 BETHD. L— U HEEL
FE AT ATOIC LI ZRVWTER L T DRI 1us L E <, KROIFRIOFE
TEATES.

2.4 BFRIEBROEEIZ K HERERTERE D

EROIBARPCIIELELURETLERT S0, (FEERS B OBIRILEOFRIC L
DALFRER S ORMHICHELBIITT. AERTHVIBETH 5 Ha:Ny=15:85 DR EHE
AWs &, BRICBOFEBIZ L VKBORESEZ 2 Z & BEEEITORER I VA LI
ENTWS., ZOZEizkY, V—UBEBICLAARBERNEZITOBRIZBEZZALD
HbOEEZDLND.

X 2.412, BREHE LT Hy:Ny=15:85 DKFR L BREORASR, BLAILE LTEKEZANT
oN— - — RS 30mm, SEEFTEAS 0.25m/s DS TR R E K LI2HE DL TR
ER U BB X DR (B 48) 2 VT, Mz YEL L U CREc AR
HWEE S ARBEEZTRLELOTHS. ZOKRTITRIRIEBOEBIZ LY YEBHS 1
B TKRENEBHEEND ZERbhroTW5,. K24 50, KKIBEEN 1000K Z# 2 5 5HE
18 IR BEN 2 OFBELNTERIIZROZ N E HERT 5 £ 0.3~1.5%/ N SN2 &3 bh
5. ZOZEFV—YEBEEE AWRIRERE 21T 9 BRICIRE 1000K (2% L TH 3~15K
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BEZECAELAZLZTILTWS. EEED 500K i CIIASBEERERIIZER
DFNEHENT D LB TN 0.1%, RERBRIA T 3.5% N SN L bh5.
VIR EE 500K {2kt U TR R TREHBRIE T 175K IREZ R AL D2 2R LT
W5, ZORIICRERAEICE LB LU TKRE < THH 20K E7213 2N T OBZETARKE
ErERELDIZENb»s. LELIZOHEBRZI SISV EDTHY, AERT
X Z DRIEBREZEDOREITIT > TRV,

2.5 LIV

AETH, MMM EEIERAKICES £ 2I3EEFENCBEMIE 721322 K00 5 BT E
EHEXTKRETBRL, ZOKKE]RE L TAERO _RTHEFEESHBEEZITO 2 &
ZEHRIE L, ZODOEREE L FEBLIOHERE L ZORETFMIZ OV TR,

1. KROME, FEEFHMEE OMOSEMEEHIETE 5 KRERHKT D 2D ORET/A—T,
ERETIIHEFENRRAELEADT-OORFTMEY ) ANVOERBEREL, T OERD
A LTz,

2. KRDOZIRTCBEHRESMBEZITO FEL LTHW ZL—3 - L=V #ELEIZo0
TZORIEREE ERTRHWRIEEBOFMZ R LBIERELFM L. FokRFT
BN 5 BRI ORI L DEEREICA L A HEBREZDOFMEITY, EITBRELERIAIT
ML TRESTHR 20K E7ITENLUTOBRETARBELZ®H RHED 5 2 & 2 HEFHE
WX ORI VR L.
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3.1 FAMNEZE

PRBESS TILRREL, BRMEFIZFOWN, BE, E, RIS, BR4E, CEROBERISFEEHNIA
5. ZOloRpRRaiid T 258 FRXE LTL, B8, EFE, LFE —x1
F—IZOWNWTORREFERLZANVD. ABZETIE, ERFENIIEECYMHEOCZERME, &
M L 2B R L2 RGO EF B L OEFOBRICEISTE 5D LT 5. 2
o OEBGEXIMSGTEXE LTRBSNDSDOT, EH5 EHEFENX) ICEZEL,
FBBAMRR L L B ICENY SH T, FREMSBIIEUZERGFELZHE I E 2 L 5 ICHEHE
ZIT5. ZRICXVBESORE, (LFEREBICRESMENELN, KREESH
RBEZR, BEKBARREDKROBHEBEDFFTEITI Z LN TE D.

ARETIE, AT SBEMT TR EESEN, MR, BRIV
BEFREFCOVWORT. kKB OFIEZ SV T HRT.

3.2 HEBAER

S OB ) AN AR S CEE L—5 5 BIRE, i h B EMEEIT b 5225 4 5
SETHEHL, €0k ERMEBIC RSN 53 MR TE ISR U, Bk 3ze
KD/ v Txy FEREHIE R HEE S ECHIINARE, HIEEHE Lk
KETNE, BB ZERD DRI ARRVASEIT D T 1Tk 0 S h B R
LUER D KA ERRLTH. BEULERFRAD 3, S kM EEER TR
wENE, B, WFEELOLESEEDE, (LFERS, BLOZILEF—0ORER
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T, z, rIEEF AR L ORRGAEE, u, vid 8RR X OERGRRE, p I35
BE, pIiX JES, Tozs Trrs To8s Tors Tray (SEEMEIC X DREISTIRSY, pldBREREOREM
TR, w; 1ML FEHE j OBERSE, Dy, IZMARITBT D j T DREKIEICH T D8
TERURER, R VHMUFRE j OB DT OLRGEE, h, hj ITRERMELR D ONIILFETE j
DT ENVE, Ay IHREREDOEGEE, ¢, TREXEOEELRATHS. LIZL, &
71, SR DM, KR &L D REBR L UBWERORBITER L T 5.

3.3 wHENEGZR

BSFREE L UCRE, BE, BB L U CERILERE, ¥R, 28RO
BRAETT. THOEBEOEHIZE, WA eSS A F—F_X—2Th % CHEMKINBEI~B]
LAY e

3.3.1 BAhEHE=E
BET

BETICBITAT U Z AL RIIRATEINS.

h - Z hjwj
J
n T n
J 0 J

ZIT, niMeFEEOE, AH]IHCEE j OFBAERT U XNVEY, o HMEFEREj OEE
LRER, T 1 3EMEIREE T 298.156K TH D.
(L2358 5 O, EWRENS T K ECOREIEELEE com; £ T5 L,

T

n T n
Z/T wjcpidl = Z’“’j/ CpidT
j T j

= ichpmj(T — To) (3.7)

ERED. L, LFEE j OREFEHEEE cp; IR TERSND.

T
/ ijdT

Cpmj = %To (3.8)
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X (3.6) ICK (3.7) AT HZ LIz kY,
h=(T-Tp) i W;Cpmy + znj AHfw; (3.9)
j j
EB. koT
h—iynﬁ%
J

n
Z W;Cpmyj
J

T = + 1o (3.10)

EIRD.

BE

AEEHETIE, TR_XTORERSIIZETATHLE L, [EOREFBRR L &EE
pERDB.

p
p=——"F (3.11)
T J
RS

ZIT, RyiI—MHAEE, pl32E, M;IMEEjONFETHS.

3.3.2 HEFRHE
HEERIES D,y

SRS RICBIT DICERE § DIREKEITHT 2B IIEBAREL D, 1RO L S 12R S
% 12,

_1-3

Dijm = (3.12)

n

Z;
27D

i#j Y

ZIT, z iMEFRE j DENGSE, Dy i3 FERE § &AL | O O R iRk P
THhD. D i3nFEER? O/ LN IERND R 5 LB,



3.4. REMERGCEERMELURGE 25
FETEGRER 1
G H A DR p 1 IRATEZ BB B,

p=y ik | (3.13)

DL
;

DIT, LS ORMERETH Y, HTEBRDSBLNIERRICE ) RD D
Wl @, XA TRATE L b B B,

IR A AL A
@ij_\/g<1+Mj) {1+<M> (M)} (3.14)

RnEE ),

BT ADBYRER N, ITRATE X b b B

imz)\ + — (3.15)

i sz/)\

N IHEERE | OBMREETH ) H T EBRN LE LN S ERAL Y ke 5 HBIH

(Y
(Y

34 ERGERBEEEMHEIURICE

A SLOBERNTTIL, BB L LTOKRLEERORER Y, BLH & LTEXZH
Wh. ZDLEKRPFET DFEL LTEET DL, Hy, Oz, Ny, HyO, O,
H, OH, HO, ® 8w &35, EZNENOLFEREE TORKIGIE, RI1ITRTIEH
FHmdb T 32EORRG NP 22845, 2 b ORISR ¥ — AMIBIETRILE K
*ODﬁMﬁ AW, ERERATEITEDZ EBNEND B TS 102,

ZC, IEORAH (AR ORRIGHREEZS. ZORKISHRICIE K B
FENEENTNDETDH. —RICZOBRICRITRATEERT LB TED.

Z ViXe = Z ViiXe (i=1,..,1) (3.16)

ZIT, Uy Vi ZEREN (EBORRIGIZRT D k s DRI E T3 R O B
BRI, Xt ik%ﬁ@ﬂﬁ%@%%?‘.



£3E REMFTFORRKEHFR

* 3.1: BRUG & RUSHEEER

ky = AT™ exp(—;%—T) (unit: mol, cal, s, cm, K)
elementaly reactions A n E | reference
H+0, =0H+0O |224E14| 0.0 | 16800 (6}
O+H, =OH+H |1.74E13| 0.0 | 9450 (6]
H,+OH =H+H,O0 |2.19E13| 0.0| 5150 (6]
OH+OH =H,0+0 |5.75E12| 00| 780 (6]
H+H+H, =H,+H, |9.20E16| -0.6 0 (7]
b) | H+H+N,  =H,+N, | 1.00E18| -1.0 0 7
c) | HFH+0;  =H,+0O, | 1.00E18| -1.0 0 (7]
d) | H+H+H,0 =H,+H,0 | 6.00E19 | -1.25 0 (7]
) O+0+M; =0,4+M; |2.62E16 | -0.84 0 (6]
) OH+H+M,; =H,0+M, | 1.17TE17 | 0.0 0 6]
) H+0,4+M; =HO,+M;3 | 2.70E18 | -0.86 0 (7]
H+HO, =OH+OH | 2.50E14 | 0.0 | 1900 (6}
H+HO, =0,4+H, |250E13| 00| 695 (6]
H+HO, =H,0+0 | 5.00E13| 0.0 | 1000 8]
O+HO, =0H+0, |4.80E13| 0.0| 1000 )
OH+HO,  =H,0+4+0, | 5.00E13 | 0.0 | 1000 o]

No. third body reactions

(6) M; = N,
(7) Mz = HyO + 0.25H; + 0.2505 + 0.2N5
(8)

Ms = Hy + 0.44N; + 0.350, + 6.5H,0
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k& B OLZEEOBEMN KR, BiERHE 0 OBERIGERE Ry 1IIRISEER X v kX
DOEHICEHTS.

Rk = Mk Z (V,’CI,L - Vllm) (k)ﬂ H [Xk]y;“ — k'm' ﬁ [Xk]y’l“lz> (k = 1, ceny K) (317)

=1 k=1 k=1
ZIT, MpyidkBEOILFEROSTE, X XkBFBBOLEROTLVEBETHD. *
Tz, k131 FBORRICOEREOEEER TRAD L S ICEERED.

—FE; .
ki = AT exp( o) (t=1,..,1) (3.18)

ABEMBT TRHOERKIEORE A, n BIOEEEZ RV F— E3£3112LD
OB, k130 & B ORKEOLEME OREEERT, A& ORIREEER by &,
FHEL K D& LTRAD L ) ICRD BN,

kgi
ki = K. (3.19)

RBER OBEETE 21T 9 Bz, R (3.17) IR LI bR OBAL IR, BEArEESH
7o) DEERISEREEZRDDIVLENRSH D, ZIUIR (3.4) IR LI/ FBER OHREFRF O
AREBICHIET S, ZOLERERS OBEAMER, B EEHT-V OEERSERE, £722
NERD D DICBBEREZ BRSOV TOAR & B X OER X ORIGEEER (R (3.18),
(3.19)) OEHIZ1Z CHEMKINBEI~E % iz,

3.5 HEFTEERLEREN

ETFHFREICKE U CRLMGE RICEE L2 Z>ORE J A b iR mi/ N—TF 2 Bn
T, TRIFZ FBEIOEAIF 7 b bxtm L THii 2 REHR & ZERITSEZET 5 & & AR
IFICFEIEBK R BRI NS, REEFE TIL, ZOFERIEBKRICK LEFHE
IXIEE HRITREHA £ 72 132 R A LR E R ERORFTMER (27uv=y ) 244
B2 2 L2 X0 PR R, BE2AE LIS OkS, 72 ONTEREHRL, ZEEMA 5
EFEINIRVIALZITD Z LI X VIR - EfEZ M O KRIZONT, LUITICR~ 5 $fEE
BB RV CEERIT & 1T o 72,

AIEI TRl L7 B RO BHZESICEL, SHRAF v F— MgF a2 Ao, i
FREAF OMMEIII=ZREE ERESEE, EETRICIIZREBEFOESEZRVWES
fb&z1T-o7-.

ZERTFX, ERERERICOVWTTEES, EAHEZEN L THILERH D, &
B3y X ab LCRENREETH D5 SIMPLER & 00 2 v, (LR RFR
& = R NF—RFERIC OV TIEEMEE T 5 ZIRFEE O Adams-Bashforth #E% v 7z,
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SEEESIIR.OE EOFENDS 2 FEIZ 10mm ~ 20mm B X X r FHEIZ 10mm ~ 30mm
OFFE L L, EEAIAIENENOFAICERBICH A48 0.125mm THEIL, £ 7R
I3 2.5x10 " [sec] & L7Tz.

BRFHIEIEBEICL > TEZ AN, BENRERFHFIIROLEBY ThHE. BERF
X, EFEREFRICOWT, EBREETH HEE - [EHHBIZ-OWV T SIMPLER i CTlidsE
RCHENPENOELLNEEZDUNERHLD, AREAETILEEL 52 5. BEE
TIXELROMAT HER CIIEEEZOLOEERTE X 5. LEERASRER, =%
F—REXROUBER THAIEENE, TUHNLEIHONTL, BB ERIIERORALE
RCIIMARROENIRTE & LIBEIL 298.15K, ORI TEOBKE, Z2R0LDT
BELTEX. TXTORBEKICOV THLEER CIIOE e Lo, HLERT
TERREERSEE S X T

HEOETIE, ETHOLLORDTRVEEEEEAREZIHEMEL LTELTERE,
FERBLERABICEBE/RIIE LTI/ al ey NOFEEZEXTZY EHRVIARTEL 5
ATz, BEMED EETLHUKL /2 O ONARIR - [EME & £ O SEBUK R OFFNTCIL, KKRIBER
WD H 72 EOKKOREPEFEREIC 2D ETHEZITVWERBE LG, FHELED
EEFTEMALDOHETIIHEEERELEZRICANTE LT, BB T v 7108 2 INERE
RO

3.6 RR¥FHEOFFME

KRDPDEENETIIHEEFHREZH I ZEIIBVT, KROERBELORE LR, {H
RBEROBOBFEKEARLR EOKRROFERN, BENRZEZTT 5 LT, kRMEE,
WER R 72 IIWE L BAOR OBIRYEBEIR, BREDORRTIREXDIRFE DEEI KK
NOEECIEEF R, ERHRAGCHEEKBARREOKREHTH L TEDOL 5728
BCTEOREZELBIIET P2 EENISTHET 537 A= BLUOFEILONTENS.

3.6.1 H, ratio

LA 53 T OFBRILHEN R L o C, BREES TITT ORREL, BR(LA & IXRZR - /AR
OBREL, BEEIRRIST S X D175, Hy ratio™ (X, ZOBITHEET BT RTOLE
OO WE LIORERT OB DB T DO Hy DFENLGRL LTERSNDET, KKPT
BRI & o TRBERTOAERL DB O Hy OBRFECHROES VW E TR TETHS. Hy
ratio IFLA T DERICEE SN D.
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£ BREAIORR Z MBI IR ORRIZE< .

1
(Hy +aNg) + 5= (05 + 5N3)
—  aHy + b0y + cN3 + dH,0 + €O + fH + gOH + hHO, + iN} (3.20)

FiL, KRADFFIFET 5T X TONRFET, F8a, b, ¢, ... 1%, BEHOKE
1ENADBREE LT L EOBLFRERS OENVEICHEE T L. £, OO FEREL
% & & OBRBERTOBRE-FE LA ZWIZBE LT DT, aldBBFokFEZLIENLE L
T EOEROEN, SIIBEAIFOBRRELIELNE LI EOEROENLE, OITEE
WThsb., WEBRERTOBREIRDKZEDENRE Hy ratio L EH/TDH LR ERD.

(3.21)

Hsratio =
oratio T a

HEEIZZ D Hy ratio RO A1, BFID a DEZHETILERHD. 22T, K
(3.20) DED EHDDFREFEORFOBEBREEZ D &,

H B+ DR7F

20 +2d+ f+g+h=2 (3.22)
O R+ DfRFE

%+d+e+g+2h:é (3.23)
N ETF ORTF

2c = 2a, 2i = (—g (3.24)

L5, InbHOREY, RRAICESTa, b, ¢, . ZAVTakRDHILBTED.

o= 2¢c
2a4+2d+ f+g+h

7B, BESOEEa, b, ¢, 0L, FEADRIIBERIDIENTE S,

b U B ORFILE NS 2 L, Hy ratio i, b & OBEIHOKEOENLFELEE
OOTEEHDOLD LS. L LEBRICITERIEESE Z 50T, JTOBREHER & 1387
LEERD. HUH BFRINTWD 2R DIETEOBREHERRICRHS T A X 0 b/ S 2R 1E,
FBEINTOA R DITTOBBHERICHG T HME LY b REREL LS.

ZDOXIIEBETO Hy ratio 23R DH Z LIV, FTEOBREIPMEFERER ORFILBIZ LY
CORERBMBELIIN IV AERINEIZEEBMTHD Z LN TED.

(3.25)
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3.62 I ANLE

{LZFEFERL Sy L BAD R OBRIRILHUT L 2 BT = RNV X —RERK (3.5) DAL DO PHEILOF
DIV A AL LTBICEND. (LS jIZ oW T DA 25K Le; i3IERUREK
CEELREROLE LTRAXTEESINS.

D;

AEAEARAT TIIARIS, BB E 7B EAIA Y OBiE BV CRIBHE (298.15K, latm)
DERLKZDREVTHLIBEL, ERLBEORAYTHLIEZEMHEL TS, &
%, K%K, BRIEEDETHIOFERFETIIENENOEROT L Z)V 1 (EHAE
T ZNE)IFETHD. Lo TREHE 7 IZB LRI Y OWE Cld= > Z L E D45
F—RIZETHD. b L, A REBTRTOERERS T THIUE, (LERERD & B
DEOBRFILBMBEL, =XNVF—REX (3.5) OABOFENOPOE _HIIRICRD.
TRV F—RIEX (3.5) DEDOPEINDOF OE—HE T ¥ )L E45Ah % FRT 538
ZRODT, BB BEFIAY OBE CE ChUIHEBEBEE TCEIRZNS. Lil
—RRIZVA AEIT T TIERWIZD, TR AF—RFX (3.5) DAL OHFFEIND F O IBIZ
Lo T U EINE—ZENDLDBRREEAELD. ZOZUHLVEOBRROERVREL
{LFRER S OBIRIEB OB R LR T LEELLND.

3.6.3 AR fHIEER

KRABIRRIY, HRABOEMAROBEL YT, BRI ETCEERERL LTEL
5Ty A [L314][18]

KRAIRR St 1L, KREFEEMEOF Y ARENS|EMTENDIEAWVE LTHRAD L
ICEBEN D 14,
_ 144
A dt

ZIZT, AlFIBR L TCWARIIBITAMINAREZORERB TH .
PEBCKRIZ BT DK RBER St i, BREEBRIZBIT AHEOEE T ML & KB HEOEE
R "VERNTKRRAD & D ICRE S 5 L0708

St (3.27)

St=—-nn:VV4+V.V (3.28)

ZIZT, VIIHREDOEENY b, nidAkKEIIHT D OBEMER<Z " THB.
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AEAERAT TITEARR & LTl 7 “ R TAREER Z AN TV D DT, BERRKS
RERBOHEZIT I &L EITIKRA LAV 5.

v ou ou Ov 10(rv) = Ou
St = —n,n,— —N,N,— — NN, Z 4 —
r Or 0z

or 0z

or 0Oz

(3.29)

2L, ng, n ZENEIVKRENCKHT 2 BAERSZ MV 2, r FRKS, u, viX
ZTNEIEED 2z, r FREKDT TH 5.

FIOKRENIH T D OBAIERF RS ML n Y, REEENT CIXLEL &(2,r) D5AF
EAOTRROLIICEET D.

P, ®,

Ny = ——F——, Np = — ——= 3.30
/P2 + @2 /2 4 B2 (3:30)
iz L,
_ 0%(z,7) _ 0%(2,1)
L . (331)
THD.

3.6.4 FEIE

BBEB LB O THRAOES VW EZ ERMITRTICOICHEAR Q ZHAT D, BEARITHRIE
BNZIIEERISEOERE S ER L TVD EWVWE, KRNORREZETT 5 ETHERATHS.
FERERIT, MEEGICB W CHRALRR, BMARLY ORBEL L TRRNEZAVTHES
T9.

Q=—2_hR (3.32)

ZZT, by LSRR § ORISR RETC R 5L ALY, R IHEETRRSY | OB
BIRFHC 31T BACERIC L 2 BATRS, B Alb i OERETHS.

3.6.5 XRRIGE

PLRUKRIZBIT D ABERPOBERBAZBZEORBRTREEROBHIL, BEAXBRRRLARE
BIFEORRBIHELB I THEOLEZLND. FRTFREERDOTERDOER NV ZEEMIC
TG A—& L LT, RSE (unreactedness)!'? ZEA 42, REGE (unreactedness)
HUTOEICERINS.
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BREEBIZ RV T, RBFNCEET 2L B ) OBRBDER w,; L T5. AE(ERFHT T OMRE
BIIAKFEEZRELE LEMERIE LTEKEANTWADT, HBTHEIIH, O, NThD. =
DHFZBITDHH, O, NTEOETNTNOEESRIIRDO L ST 5.

W Ay Z%NCF? (3.33)
G

N Z%"—_NCF;) (3.34)
7 7

W AL Z—I\%NCF? (3.35)
;v

22T, A Ao, ANEERZRH, O, NETORTR, M, it »F0HTR, NCFY,

NCF¢, NCFY, iZzh€ijoFlEcaEEnsH, O Fiki 1NJE%’—®;&, niIZEEL T
WSS FOEOHERT. 7oL ZIENCFE, 131, NCF3, 1X2, NCFY 120 TH5

Z ZTH(3.33)~(3.35) DFIRFDEEDFRE, TNENH,, Oy Ny DEEHELEEX
BZTEZT, UTOXSIZEET S.

W = Ay Z;"A— NCFY (3.36)
J

origin  __ A = E__ CFO

wdm = Ag ZM (3.37)
J

W = A anf”— CFY 3.38

N2 - N M ( . )
J

I CRIMCHFET SILFER S (EESF w;) &, BREEMTOMER L LT, ZHEReE
(298.15K, latm) T (3.36) DE &Y ED H, &T(3.37) DEEHRD Oy &K (3.38) O
BHENSREDO Ny PRE LT OBBREEBREOREIZHIbDEEZXD.

% Z CIEYEIREE (298.15K, latm) DR (3.36)~(3.38) DEESETRA L= Hy, Oy, Ny
BIEDRTHR (BEDFE w;) ICRDETITHEELLAEQ X, KOXTEZALNS.

Q= > AH[wI™ -3 AHlw; (3.39)
k=H2,02,N2 J

—

0

I TAH ISR ] OEEERT LAY ThD. RO 1 IS ORELE L
T35, Hy Og No ODIFEART U Z/AEIZ0ROTOLERS.

I (3.36)~(3.38) DEES R TEA LIAZERIED Hy, Oy, Ny AWIEEME T oL
FICPHRRBICE L7z & S OBLFERBRS DEENRE TN ER W (j =1 ~n) LT 5.
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ZOEESRIIMBEEHRELAT A LILL o THRLND. 0L &, HEAFHERIEIC
HETICRELLBEE QUL RAXTHEALND.

Q= > AH[w™ - AHIw (3.40)
k=Hs,02,N2 g
0
SIS RIS L TIRA Lokl (RS R w™| , wgo"| , wo|,) Ok
BHANTHREEIC R D ETICRET IHE QYL TORTELLNS.
o AH[ wi™™| =3 AH] wi?| (3.41)
k=H3,02,Nz2 J

~ o~

0
UEXy, ko (3.39), (3.40), (3.41) DFREAELZANT, RAITT I I BERK
J& P (unreactedness) & E#&T 5.

eq _
unreactedness = “ 7 @ (3.42)

st
i, RRNCHET DREN APMEFERERIC 2 D ETICRAEL 5 DHEBE (Q-Q)
%, BimRAHTRE LTV ARRTREV AP EIRIEIZ /2 5 £ CIIRAET IHEAE (QF)
THI-TER LD THD. REIGE (unreactedness) DER K E N EWH Z LIETRG
PEATOVRWFREARETHOREAT ORMAREINENS ZL2HbbLTEY, £
TAER NI N E NS ZEIFTFRERBIZR > THORWPELITITFREREICR>THTYH
FOGBRIZEA TR Y BT HR/RHB/NINENS Z L 2HHDOLTND.

3.7 LIV

RE TIIARBERTI AN D EEAESN, MR, RS, HEFEEE L. £
T L% & D KPR DIRITICIBV TR D K RFHEOFImEF 2R L.
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J
N

TE T E L RN K OBUEREHT

4.1 FAHLE

3R 2 BE 5 IR ORESPM A TSR X O ATRR 2 2R LAEWIT 5 = L i,
LRI AR DFBELE B ONIBRAKFOEFE L Z0ET NV U ORBCIEAICIER
ARTHS. EREOILRIBAR T, MEHREEL LT OBIAKN IEE R 28
ECHMBEA Y. Lo TERIMBMAXORBREL LTOMBERLHRE M) Bk s ®
fEAT T 5 Z EAITEIRIEBAR OBEOMALET ) 70V I 2 b— a3 VEITHIIEE
BRI L ThEN, ZOEME RS EHBRTEEIEARICONTZ DO AREECHEAR
S ONEATRIS 2 SEIICHENT LTI < 2 8 1, WELIED, 5%k I s
ECMBE L) KRDIN 1T ) BOREL BB HDTHB.

R TE AR L — KT RS R > - LR, Er AR ERETHEA DT A—F
OEBEDES S, BEREED KEOBEDHRICOW TN 21T 5 DI ERIE 1T
FRATEO 72 BFZE D 72 ST & 72 RN, BRI BT O 20 BF T 26 & TRk % EERE H R I oL
T—REMBRREFBTETSHS 2L b S ESERFRBREN TS, ERHELO
—RFEEBREAT 5 OITEFBEL AT b0 BOTN ) % 7= B Ay iz b o Rl
Rin 5.

7 2 CERETIIAREZRE L LR ATBHES PERRAR RS L L, BRSEN
2L SRR EE LT, OB A C—RT B M 5 L7 SRRt 4 Ok
MEARRT 24TV, EPRELE TRV AR OB ZHER L, KICKKEELH D
MNCT B & & b ICHE R OBIRL B & RS O BIR LR K SRR A8 K S R0k
REECBLFTHEEZHLMCL, SHBRARKAL LTOF—Z2ER-L LS LT5.
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4.2 HEBEAEKXDOZLETH

KB EREL L T DR MBI E & KR E RN T 272010, 5 3 = THT -8t #r =
REMBEERTRRSIN-EERER, EPEREX, LFEERIEEN, =¥ —
RER L WAL AV T—RITOBICER L T BIBIH

—RTCET T HBRCEE L 72 D ZIRSTEh PR AR R TR SN EERAER, #HHW
BLUHESTAERERRTFR, EFERIEEL, =N F—RERIKROLBY TH 5.
IO ORFRITIFEIEIRLAER (3.1)~(3.5) DEETHEM, BITHENEFALTH
D= OO EEER L TV, EESERFERIC OV I L 2RER RS
ERALTERALLLOETRT.

BEEREFR
O(rpu) = O(rpv)
0z + or =0 (4.1)
EHERER
z J5[m)
ou oOu) _ _Op 0 [40u_210(rv)
P\“6z "Y8r) T "oz  8:|"\30z 3r or
10 {0u Ov
+;§<E*ﬁﬁ (42)
r 5[]
o\ _ o 0 (u o
P\%z ") T Tor Tz M \or 5z
4210 [ (p00 _ou v
3ror Hr or 0z r
21 v Ou Ov
‘52{”<;:‘5;“¢%>} (4:3)
b2 RER

. . 1 .
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IRILF—FRER

Cpm, 02 5
s (2 - ,) S} (49
TN E U(z,r) = U (2) EEETDHE,
g—\f =rpu=2rU (4.6)
LA (%g) (47)

THY, ZORNEBEITEERGFR (L) 23, 22T, BET, EEnEw;, BE)p

RALTHEREZT D L,

z 5 BB BRI AU
7w (5) (%)
s () )
r J7 TR EB BRI
- gs) - (5) -2 b G))

DESCRD. TNFROEBRRERLRD L UL 0AOBEKTH D, 1%, %2
X2z DHOEFETHLZ LA DH. TIT,

o (10p\ 10 (op\

bz (?5;) =ror <a) =0 (4.10)
Ligd. ZOENL, IZEIERTHLIIENDRD. ZIT,

10p

;E—J (4.11)

_Lov G(z) (4.12)

p Oz
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LB L, rFmOEBRFNE,

. LdU-G) s, d [ dG
J=-2 P 3pG* + P <u - (4.13)

ERD, zOHORTERTZENTES.
723K (4.12), (4.13) 1, ®ROZODHK (4.14), (4.15) IZEBZHBmILND.

dUu
— G =0 (4.14)
G, d [ dG\ _
FIALFRERSRFR, =3 F—RENIENENUTORICER END.
dw; _d (p. Wi\, g

dw;
2t - g{anid_h_zhj (2=, )_w_} (.17
7 Cpm dz

dz ~ dz Cpm A2z

R ~NEEEFERNE, K (4.14), (4.15), (4.16), (4.17) THD. AEDZINETORFT
DFLFIE, FBIETERINTVDHEBY THD.

4.3 BUEMEELG O UVICHEAEH

St S®TCRGE EICEE LIz Z20OlE ) ALhb R A5 A —F 2 AnT, £h
ZROF 7 FobxtE L THvh 2 88HR & BRMIEZET 5 L &R Itk E & F
EILBRR BRSNS, AEEBET CIEZ OFEIEB KRR L, TR 5 EHEEH
HEikE AW CEIERT 21T o 72,

HIENCREd L2 B RO ERESICEL, SHRA Y v U— Mg+ 2 A=, B
FERAFOMREBEIITIZRBE ERENEY, BRI ZRBETLESEEZRAVWTE
SMEEITo T, E-EEFEITATE TRl Ui U R RO TEE BB L
TRMEITZ LTV 28I X 0 BRI OENFILR D L O EFHBERLIHEE
RV BT —RBEORMBEL AV, HEREFX, EFHERFRIZON
CIIE G A & RS R EAEICHEY T2 G 2B LTS LERH DD, Thbid
ERE R T v TICB W TREMIEIC L ) IR 57

SEMESY, BREEHEY 7 v O EREAEE UTENF R 30mm O & L7z, 2=30mm
IIZEREH S 7 M OISR T 5. EREAAITRIITIE UEHEEEE 240 ~ 3840 D%
F T 7.8125x107% ~0.125mm OEREFTHEI L. REFAIZIRIITIE U T 1.5x1077 ~
1.0x107° [sec] & L7z.



4.4.

RS
# 4.1 FHREME
Fuel Counterflow Velocity (uf) | Number of cases
H,:N,=15:85 0.025~2.29 [m/s] 22
Ha:N;=30:70 0.025~25.5 [m/s] 17
Pure H, 0.2~450 [m/s] 21
B, o 2V EEORAFHRER L MR R ORHICIT CHEMKIN 7'a 25 4 Bl~(10)
Z R, AEFEERTE Hy, Oq, No, HO, O, H, OH, HO, D 8%, FeRRGHER
WIEHEPDETREZRE L. ThOREIETTRERLEZLDOTHD

F‘ﬁ*ﬁ: BROEBYTHD. BETEZIIEROF 7 FHBICAEY T 2 2=0mm & 30mm

Eé/;, H2 N2:3070({7~|:%$H:) @{Er_‘l R, #@7k?§0)
=FEEE L. {
ELTHEXT.

BRI & R AEEAEIT0 & L, TRl YW CIEEDEE 52 7.

ﬁﬁb\tk%ﬂ 3 Hy:No=15:85(fFFE L) ik 32
ZEJOMBITEE L, ETIREE, BEIE298.15K

FOEEHEIIPE, kK

&7 O TOBREL

BEREOKREOIRENTDEFICEDETITY, THELE.
4.4 FEEH

BEFET, 2L

ZERDIMFAEE 2 I F XFIB b 3w 125
FMARELZZTLEIEDZ L1, kRBERZEB(LETESZ k’ﬂﬁfbf‘/\é

%t
%a"b%ﬂ@%ﬂ XL, BEIORMEREZ R 4.1 R TR ST B

=RED
Bl OWNWTET»o
. BREAS Hy:No=15:85(1&FE ) DR %itiHﬂ%4mmWWﬂM®{ BRDOBEIC
i, BEHE EROMARERITI K E JIEE I, FREIRMAEOBAIIIFHEER O
DAHEIC KR EZTERT DT :,%%@ﬂﬁﬁ@@k%é%%ﬂ@%h@4 D1 E LTz
RBREREE BV KR OBEFEIZSWT, R4V TRRFED EREIE, Zh
FROBRE 2 BT kR OBERBAR X MEEIZHTZ Y
RIZEEBNRTNTITHEHRICED

, Z O ERELL EoxtmiiEs &k
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40 F4E THIETDBBARORIERT
4.5 EHEHREREE
451 EZRHRIZETI2EDLBREREOENMS

KK OBIERENT CIIRE, BRI OIS RERRE CHEERD L E L DD R
JICBNNE L L BILER SR TONMEER T HDLERD S . TEOFFEIZENT, HikE
B E T DIEHUAR D & 5 RS ISR IT AN T EOELB K E VEE T, £
DYEEREICBR LG E S N TEDIEBMREE AV L BEZAE LD ENREX
nNTnp W, 22 TAREITIE, AETHWS ZEEORE TR SN 5 AR 72 kRIZD
WT, BERSRDFZDILERZEE LG L AIEBEEER WG IC OV THE S
TV, BIEBERB OB ERIEL, SROBEHE BT 2 HDIEBAREOEDMEL
R 5.

BB R By R DI A BER T DITERL, EFERPFRFN, =XV F—-REXLZLT
DL IR TEEHTS.

LR S RFR

dw; d
W2 = dz( j;.) + R (4.18)

IRILF—FER

dh d duw;
20— = g‘( 2;7] ) (4.19)
T, FlxiReic (4. 16), (4.17)iZ7w L 7= B ez A izRic ks n\ T,
jj = ijmej
Am
="
Cpm
Am
Vi = h’ (pDJm - '—>
Cpm
THd.

—F, MEREBRAROMEEERT 5L, MERSRSFOIROBRND, (CFHE
j OREIRR j, IKATHR S B 1203,
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0-3_ T L T T T T T T T F T T T _1500
502 ] ™
E 11000 £
" ] 5
g &
= 0.1 e

=500

41 HyN,=15:85 OREEHE T KR DA HILRIRIE FV 8 (BR) & MER 2
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AN T B TINEL DT ERbhsb.

H, ratio D9 %
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P P CBRIUEHNZ K- TRERTOREI R O Hy ORMELHROESVEZRIETHS. b
UBBHRYEBONE T AUIE, b & OBREHERIC ST D Ha ratio=0.15 & 720, 7z Hy 23R
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46 F4E EEFEIBBCKROBIERNT

1500 031500

11000

Mass Fraction
Temperature K
Mass Fraction
Temperature K

1500 =500

0.3—————r— 1 500 11500

—
=
(=]
o
—
(]
(=]
=]

Mass Fraction
Temperature K
Mass Fraction

Temperature K

2500 5500

12 13 14 15 16

(c) 1.00m/s (d) 2.29m /s
4.5: Hy:No=15:85 DB & IV KKITII1T 5, BLBUHY 7250t 28 00 kR O A8 R BE
57 & IRE S

HBNENETREICHS TS REOEE

(4 4.5(a)~(d) (Z ARGt minE & LT, SmtEA £ €4.0.025, 0.25, 1.00, 2.29m/s
DHEDKRIZB T HFERES M EBELIMAETT. (a) DHIZOWTIL, {LFEERR
EOSMBRREZNTZDIZ, FEOBREIAN—FF 7 MHAND OFERED R 7 —/L A5
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BN EL< o T, HFO—FBRNRTZ U ANV EDOSHER —F/NZVOR, Z 0K
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4.10: JAFTKRMIER St|ooy & RKREEIBE Tnee DR

v v
o(rG
= Qo + L2
d=1
= 2G(2)|oms (4.21)

7212 L ERORERITIE, K(47), (412) OEGEXREZANTWS. 22T, o iRy
FIEEERLSY, rILRF FERERE, G(2) 3R (A7), (4.12) CEESNLHME, O IIYEL
ThDd.

ZRPOE ST, HFEFEEEZ X ET-GEOEELN 1 OB TORFTARMER L K
REFIBEDOBEREZR LTS, KR HERITRMFEEHEOEME & HIZHEML TV, €
TxIEFEEDOEME & HIZEROSITERPSEBA~N L. £ L TERORLD SITE R
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Bt AW KR OBRIBREEOKRKMER L ARBETHY, i RERKREMRESR
WD L KRITRIENTITIHERICE D, B Ha:No=15:85 D & X IITHRIRF kMR
FIL 45957, FOROKREEEEIL 1112K, BB Hy:Ny=30:70 O & X IXERBR AR
fRIESRIT 5476571, Z DRD K REEIRETT 1240K, Fi=gREIBMAED & &, JHRBRR X
RARIRRIT 251305 7], £ OO KKBBEIREIL 1368K Th 5.

B 4.10(a)~(c) £V, ZHEEOEBREIDOBE & b KRMRROEME & HITKRKIBEITE
FNBD LT ZEDB0n D, FEIKRMRREDN 0 TV GEE TIR A RIRE I TRRITE
M3 2ERRH D ERbh5.

B14.10(d) & © =FEEHOBBHI DWW THEZAT 9 &, BREFDOKROEIEIEMNT DIzl
Te 3o TR CKRRARRRDB D32 TOTHARIBEITEML TRV, HRBRAKMESE
HEML TS, EHERBRREOKRFTEIREIZ OV TIL, BREHROKKROEE M
FTHELTER>TEALTW ZERD0N5S.

4.7 BRLBBDNR K DKKEBEE~NDEE

FATHIRAT2 X 91, BRIEHICBW TN E WE OB ORIRITHENR (V1 ZAEHR) I
LD FNEOBRR, EIE B OB RIZ L DB OKRRORMER ED
REPEEZTEY, ZOZLENBARBERIINOOEEEZZ T TNEL0EELLNS.

EBEORRKTIE, BRI ORI X TARMIBROCFESES OIEFHE DR EL L,
SEIERBEPEHIIEHEG > TARBEPREINTNEEEZXLNDHDT, Zhb
OEEE 2T TEERETHZ LIXTERVD, KETTIHEFER ORBRILEIC X 2%
BHRA P OKRBORMGORE, ELALFEBOBRILRICL 2=V EOIBRREIZ
LBEEBIZOVWTHETIED 2 BNEEMITRT.

B4.1112, BEFOKE L ZROREFEEEALIETIHED, BERESIREDOFEIRD
KL ZEROIRAROWEKKIBREZ T, MEKKEE IR RE L2 E 21T D
ZEIZEVBS. HAITRTHREFRIMEFAER OB IR & L FEH O RIILRL DO %)
R, FlKRMREOFE(CFENS DIEFEEORZEL PR LI KRIBEOHEFBR &
EXBHIERTES. K411 L9, BEHROKFEOFIEBHEINT D12 L= > THrEVK KR
BixEHE LT T ERbhnd. RETIT- T TRV E & 5 Hy:N,=15:85,
Hy:No=30:70, #fik3RDO=FEEOBRE OB ARKIBEEIIHFIIRLTHL L O ICENENR
1183K, 1661K, 2389K T 5.
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H,:N,=30:70 .
(1661K) ]
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o [ [ W
[ o (o= (e
o O L IOI T T lO

H22N2:15185 _-
(1183K) ;

Adiabatic flame temperature K
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H, mole fraction in fuel (H,:N,=x:100-x)

XK 4.11: BB 2 2L SB35 A OBRIBEAREIZRBIT AWEVKRIEE

4.7.1 (EFERORFRILRISERT HKFEDRMBICE DNKEEANDEE

FWC RN X S, kEPTIHMEERBOBIIEEDHRICE 0, BERS T OAED
ElE (Hy ratio) 238N LAKREBEMEIND.

BRELE LT HaN=15:85 D b D& AWZEE, B2 15 MFE 0.025m /s D & [ 4.4(b)
LD HEEN 1 DOAETD H, ratio DEITA0.19 &, STTOREHERICHENT50.15 LV b
KERMEL2>TND. ZDHyratio 230.19 &) Z & i3kEHE LT Hy:N,=19:81 D H D
DUB I THRELTVWALOEEILNS. K411 LY, BRED HeNy,=1585D & & 0D
WK RIBE T 1183K TH D DIZHR L, Hyp:Ny=19:81 D & & ORFEVKRIRETL 1336K TH

DI 150K BV, FE ok mAPEE A 0.25m/s D & X 13X Ha ratio 1349 0.18 TH Y, Z DFFOHr
K RIBE T 1300K Th o TH & OBEBHI I LA 120K &V,

FBRELE LT Ha:N2=30:70 % FIV N TR AS 0.025m /s D & F XS & 1 DALE T
® Hy ratio DEITHN0.42 £ 72> TRV, K4.11 L0 Z OBREHAR OBEVK KIEE X 1905K,
Fmb & OBEHERR OWEVK KIBEIL 1661K TH W H 240K B oo TN B Z L Bb»d

DXL FEREE OBIRIEBIC L A2KFZOBBIZLVARBEILRT29R 2%
5.

4.7.2 BEEFEEOBRBHICERTSIIOZILEDBRRICELHNHK
}mg’\o)ﬁﬁ =

AETTIXT U NV EDBRBICE D AKRIBE T B2 E TIId 5N EEMITRT.
LT UANEOBRBIZLPEBEEOENEZRANTHET S, (LERIGRTIDIT L2 DB
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60_— ,/u=g.g§r5:/1/s i 100:" ~~u=0.025m/s E
_-0.25m/s [ 1.00m//
40+ A7 1.00mss 7 50F ;
i AT 2.20m/s r
v 20r - . ¥
= r > :
» < I
20. %
4 t -100F
S (R 30 10 20

Z mm

D006 Vo
14 16 18 20 22

Z mm

(c) ik

X 4.12: = Z)VEOBRBIZ L DIEEEL

BHIFRFEEDOKE L EROREWMETIIMARE, BIEAITERFEDZERTHLHOT,
NRTEEYE THEEN TS, o THA RN 1 TRWI LICX AL ME DR DE
REBBRTNEEZ U ZVEII0DEETHD. T TERIELTVWLIZ U ZNLEDE
FRICEDIREZ L EZRNTHETS.

AT 2 h/cp (4.22)

ZITAT B ZVEOBRRICE DIEEZRMCOBREE, hiZBFRO L ZNVE, o i
RO HTADFDIREIZBITHEELATSHD.

4.12(a)~(c) 12, LT LIz ZFEEOBE & AV 256 O 2 INREE O SR 7
KMFEIC L > TR IN AR OWTEXRTEH L VXV EDBARRIC L DIRE
ZlbERT. 41250, =oAL EOBRENCEZREFRBICERTSE, K (a) £V
Hy:Ny=15:85 OBRELDOFE, SETEIEOEV & 121340 60 FEOIREE ERSHEM, E/-EK



o8 % 4E BETEERAEOBIERN

PR DOKHAFE T H A9 40 EDRE LASERROND. £-RE (b) £ Y Hy:Ny=15:85 @
BELDOBE, STMREOBONGEEIIN 110 EU EORE FEHRENR O, HRRR T
TETHRS0EDRE LESENROND. (c) L VMATEZRE L L5413 300 &
DEEELRHMEBRRONSD.

RBT U EZNEORHIERLMEBINZIARSESHBRELZRANMNEE —H LTSI L X
D, TUENVEORENCL HIERE LASRIIAAEBEEYZ FRSETWSEEIONS.

BIEVCKRIBRE & EROKRIBE L 2T 5 L, MEENBOEE IR MHIREN
INEL, KRMBRRIZEDBERTOBRINNSNES, =X LVEOBEICLEE L
ADHE, E-HEMOBFILBIC L VBB OKRRREINTHE (D H, ratio
DOEM) ORI LV ARBEEIHBEARKBEELV S ERT 5. 6 21F Hy:Ny=15:85 O
BREL DB, JTATEES 0.025m/s D & IR KRFHIREIL 1377K, 0.25m/s O & &1
1305K, 1.00m/s @ & Z1X 1235K, HABRRD 2.29m/s D & =1L 1112K TH 543, %M
O HLEEH)IE VY 0.025, 0.25, 1.00m/s O & ZIZITWBKRIEE TH 5 1183K LV &<
RoTHEY, ETARMEENRE 2 VIREAROEMIIME S BMEEIZ L 5IRERTOR
BHRRES 2D EZFITNIHBAKRBEE LY BEVARBELR> TV Z LD D.
72 Hy:Np=30:70 D54, XHAEFEESS 0.025m/s O & & KK xmiaE 1L 1934K, 1.00m/s D &
132 1723K, 10.0m/s & %13 1465K, THKRFD 25.5m/s D & 1L 1240K TH D553, *F
MIFEEAS 0.025, 1.00m/s D& ZWEKKIBED 1661K LV b@E< 2o THEY, F7210.0,
25.5m/s O & ZITITWBARIBE LV IR 2o T D, HMIAKE OB IIMEKRIRE X
2380K T 548, SHAFE 0.2m/s DEMIERD & Tk ARFIREIT 2562K L, Wish
KRBELVELS RoTNS.

EBROKRRKTIE, ULITRAI AL FFER OBIRYEEL, B &b FREM ORI, K KMHER
FRXOFETACERIE O EEOEE R Y, IFSERARPERIELE > TREBRER
RESNTNDLIOT, —BZZN O DOEEZEL T TERTHZ LITTERND, B
R IREOMHEE Tl AR £ 72138 & (LR OB OB L 0 ARIBED B
FTHPEPKEL, FLEMERER CITRRIEBOPED K& VR KRMEROLE
WL DRERTOMHENZENE RS EE X 5.

4.8 IO

AETEHARER L LI ERBRFEILBEARICOVTARLEROFEEZE(LSE
Te R DOBREHI I U TR MFE 2 b S ¥ B AoV T, —RITIICRER L Bl
FRNZE AW TRRIISEN N L SO E B R LI BB 21T 8> Tc.

1. BEES O X D 2B RICE T 2B DIEBABOFEIT OV TN, BEtL LT
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Hy:Ny=15:85 % Hy:N,=30:70 % W23 AIII B IIEBIRE EZ WV TH o E & < k&
HEXHOX DI ENTELOIIRL, BELE LTHIAKREZ BWIBEITITRE RL RS
R EZETHMLERHDHZ L ERLTE.

2. MRE LTLARIZONWTEDKREEZAOLICL, EFITKRPIZBNTEEY
BRIORBIRILE (VA AEDHR) LV = ZAVPIBRRPEL D Z &, EWER OR
TN R L VBB ORS OARBEN AR EF CRESNDZ EEHALMNIC L. £
7o 2 b ORI K U KT/ E KRMIREI/N S WDIBEITKRIBE BB KRR
EXvbEL b &RLE.

3. B E LI KRIZOWTARBER L ARBEOBRFRATRL, AKBEITARMBIERER
OEME & HICHEFBCEDT AL EZALNILE. AW E=FEOBRENC SV THE
REBFKRHEREEZHA LN L.
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51 FAMNE

ML R I BIRIEI AR OEE LB DY, ZORBF KK TR E 7138
EEMR2> S OEERRDIC LV EXZ T MRELMAED. LRI ROMENEE - BFET 5
ET, 20FBRL LTOELH D BRIEBKREFHMICHIET D Z &1, ELIRIEHBAR
DEBHRET Y 7RV I b—a VIZRAIRTH Y, BFFEstSRE L TREREREN.
EEREDKRIL, BROZELETFIIBRBFICIHEBRBREORR ISP EENTVD &
MBI OB EL RELSFRIT S, ZOBRIBOEEL, K14 NV AHD
ELIRIEEUA R B R0@m LA ) VB OELFHEHA R B THRER SN TV D, fEo TAREE
RBPFIEH, EMBEROARCBRIETRELEFET L2 813, ELIRTHA R 2 BAE
5ETHEETHS.

EREOBELIRIEBK RN TIL, kK OMIRRCH R I3 Z2/Mif, ReffICE b LHIE
HENHETHD. ZODEHEOBRESHKEREDOHIENE S 7 kK& AV
BLEEEZ HNDD, SARITHKRIIKRE BT &7 A—ZOHEOES S &,
ZNDDOEEBEOMRICEH L TWETD X KKRDOEBFHEOHEICANLND.

WA, ELARANORREL LTOAEEBOTHOHAEE LT, stAFFEIEBUAZR
W& ZERAN HER I TG EDOEREMBTICL VIR E BFTEROBRINITORTWD
W, 7o sl el BB B K R AR AR K R OB E 7 13 AMAl s S IE T & 22 & 8, #&%
TERENTIC X o CTAROEEFHEB L HABRBOEHNRFALN TS B FREALTYH
KELBOTHEEBAR SN TOS O, g Tmitgeks B0 235 e L
TEHRZER B DA%, kKR L ZICRIE L@ IR OB B OV T S LTV
V. FE R BIETTIERCA R TOBIRIEEL 10 L iR g2 1 (1 CB8T 2 SBT3 T T
WBHD, EIKRITAREREREOHELRRETH Y, KRMERLHIELOOMELRLDT
ICRPIEBOS AR EECHRRRICB LI TR MBI T LERD 5.

Z ZTARETIL, KELERORSYEBRELE T 55t MUk R IOt LBRBHMAIE 7213
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BLAITH D ERM» DR E LI ERORFTER UEIszayzy T D) 2E
BT EICEVEETITAOMBLEELF I LR EHFENRE LT, B
BEILEDHDKROBEL L— ) BELEE AW ARO ZIRTTIRESHRE, 26NIER
JREN 1% & B IEE B LT BUERAT 217 5. T & o TR KR ZE) a1
T5HEEBIT, KEKHEER L NICHERBERICTT D ARMIERCHROEZER L OKERY
REBOAE U DFEEZ AT 5.

5.2 HEREMH

EBRTHOW MmN TIIE 2ETHALZEY Th 5. A—F X0 R 43mm O
MAELF 7 b2 ETICHAmSETEREBET S, ZORAFEA—TE2HNWT, BEE LTkEL
ZEROREY (BHESETKE 1%, EFR %) LEBEAIE L TEXE AV CRmiFm
PEBK R BHERT D, £ OFEARICAE0.25mm, MR 0.40mm OFVAT LAl ) X
ANOBRELETIIERO I 7 a Py FERRRMAE 7IZERAD B M —FF 7 ~ &
RIECPEH S, KRICEZEZIDZENTE S, TXZ b oiE (BAEHEZITZE
R) LIy NOFE (BEELIFZER) TR DITHIESES.

RtB LT HAKIT, BREIELRERDI 7 uyoy FOBHTEEY EHIC—EIR -
TARRIEEZGZATHEDKRET, KROWKRE (RELS, RESMRE) BRERHICIKE
LBWEHEKETHD. ZOEFRKRIZOWT ZHEOBEEIZODWTEREToZ. —D
ISREL R TRIO X 7 v b EmE i, ERBEROF Y w26 TR &N 53546 T,
A S BREHR & 2RI K AT BRI R S B EEIRECK R ITHT U CTEREHT B
OBEIOI 7 Vxy MZEo THIMRELEX KR THS. b I —DTERIA T
DF7 MBI 7Py b ANA00REE R I, BRES ERS 2 26 TR
XN DHAE T, MAPRFERILBARICETRDOI 70y MK > TN REZ
BT KK THD. s R0 BT (IB) Ok, %F I (8) OhERLZHD
EHKRTHD.

KREHE LT, ¥7 MOPLOBBHELIZEROFEEEE LN ZE1 29cm/s B &
U 25cm/s & L, ETEERFEILHAXEZTEL THL. EOBRBREEITERDI /7 1
Vv bOJ ANVHA TOEEFES 0~5.3m/s DFIFE T—EILHEDBIZ7av=zy ¥R
KRIEREED., CNICL o TEERITBOHRLFOEFTAREZHHKT L. EFO
suavzy hOJ XVHAOEEIEIIREFZBIETDHZ LICL > TRD B,

EBRIL F 5.1 127”7 case e-1~e-4 DIUFEFED FHEIZOWTITo 7=,

case e-1, e-2 IFREHANLREI DI 7 n Py FEFE LTZEA, case e-3, e-41TZEXAM
DHEZDOI/uYxy hEftELIEBETHD. RFPD uppm 1FBEOI 70Ty FO
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# 5.1: EBEH

case | micro jet | micro jet velocity

e-1 | fuel jet | ugin; =2.7m/s
e-2 | fuel jet Ufinj = 3.9 m/s

e-3 air jet Uginj = 2.7 M/s

e-4 air jet Uginj = 3.3 M/S

J AN O COEIIE, Uy m; (FZEKOI 7 BT =y hO ) ZVHO TOEHFTETH 5.

5.3 HEEH

computation
domain

strained flame

micro fuel jet

5.1: AL D AR ALEUK K OB X & 5 K

5.1ICEZ D KROMREK & B EEEZ R, ZI TRl L O ERLBxtm LTt
NDIREL & BRNEZERT D KL ERBOT R FEITH AR BPTERE SN DD, £ O KRR
DIy NEBEEIFDI Lo THIMNREL SR TARTHD. EXRMANH
LEROI /Ty NTETH5E1E, K510I7uyxy b AVTZEZAE T
SWEEL, / ANVEMRITEFEERO LI (2=10mm) £V & 52 5mm EEE 5. B
EFREFZERDOI 7 vy xy ME, EFHLRM L TR DB £ 721322 K & [R5 0O &
RO E LTWA, xtFrll ER &I 2 8, ZIUCEEORER R r#ix & 5. &
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BEMOBEAIL, BEOI ey O XVEEHD Smm FTROF.LEEE TS, F
BT 5.1 O X DIZEEND 2 FRAB I WNr FEIZENEH 10mm O#FHE Lz,
HEMNGE LI AKOSMETIZIEERTHWEZBOIZEL TR, HEHEICR 588
REBFIUTIORRA8Y THDH. HEERT 2=0mm & 10mm (XZFN-Fxtm 3 56
7 FHA, ZBRY 7 MERICHHE L TWD. BB ZEROxmbEET & 1 Up=25cm/s
&L, J ANHO TORRFRFOERL, B, EREHIZ0E L. AT IRENE, K
REEFRDREWME L, TORAHMITAEFEL TH:Ny=15:85 ThH 5. ¥, Z=RE BIA
BEDEAIKRZEE L, BEEIX298.15K & Lz, F.08TH 5 r=0mm TiE, £ TOEHK
XAER L OFEEE R, r=10mm TIXEBRBHEREHEZ 527, £, BEbEEzE
KOIr7uaTzy hDJ ANE, RE0.25mm DHE ) AVT, BEOI 7udxy At
545 L &3 2=-5mm, ZEXDII vV xy M EMFETSH L EFITT 2=15mm OHLEIZ
XW%&D#%%&EEL,ﬁﬁﬁ@ﬁﬂ?GEﬁ@m®ﬁgﬁﬁi,?ﬁﬁ%uiof
BNZRDTz, 2 ANEHOMND bmm TROBEESMEBERGHE LTEHEAT.
HEOETIL, ETHOLMPLORD TRV EEFERALLZMHEMHL LTEL, HE
BRG L BIRFCREMAIE I3 =S AN b I 7 uley N EX MDA, I7ualxy POREHE
TR WREE 2 007 CERTEDIE £ CTRIF, 0% —EIE> CTEFIREDOHELXET-.
BEFHEL, 52T 420F%HBIC 0T To k.

# 5.2: FHELEHE

case | micro jet | micro jet velocity

n-1 | fuel jet | us; = 1.5m/s
n-2 | fuel jet | usin; = 3.8 m/s

n-3 air jet | ugsn; = 2.7 m/s

n-4 air jet | ugin; = 5.3 m/s

case n-1, n-2 1B EHAINSREID I 7 v Pxy M EAE LZBE, case n-3, n-4iiEXR
NPHERDI IV xy bERELIEBETHD. RFD upp 1 IRBOI 70 Vxy K
D7 ZANVHO TOFEEFEET, Ugin HELKDOI 70V =y bD /) ZVH O TOEYFHET
Hb.

EBB L OBEFEIZBWVT, casee-1 & n-11L, BEMINSBEIOFTFNI 70 vzy b
PATE LT23BE, casee-2 & n-21%, BREMAIMLSBEIOMWI 7Yy bR ELIZEE,
case -3 & n-3 1%, ZBRMNOLEROFNI 7uvxzy Mft5 LT5E, case e-4 & n-4

I, ZRMHLEROBNI IV zy NEMELEHAICHEYT 5.
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5.2: MAIK R T2 D M AILBAR DEHEER

5.4 ZEERER R
5.4.1 EEBEIZLDANEDEHE

5.2 [CHAEIM R KR OEFEERE Z~T. K5.2(a) TR EERZzZN TN THIB LV
EROE 7 v bEAL, 270 ¥xy bEFELRWGEDOFERIEHMAXRTHD. K&
) EEEONRD BOKERTER SIS 2 L asbhs. ®5.20b) oI sadzy b
EREHMIMNOE RS EEDOKRT, I70Vxy D ZVHA TOFELEFE uf i, 13
5.3m/s THDH. KRITBEOI 70T =y MAERET LPO08AE TRATHERLTWS Z
EBBHLND. K5.2(c) IFERDI /Ty PEERMANLEREIEIZLEEDAKRT,
2r7uaVxy bOJ VA TOFEFRIE teim; 13 5.3m/s THD. KRITHERT DEMIT
7, BDUAKKROEENETZ LRDNS. ZOXIL, BEOEIFICIoTRKROR
MRE LS BARDZ LITERERINTFR 2L, ZORRREDRIEPLETHD.



66 E5E EXESTEBHBEUNR
5.4.2 L—UELEIZEBZRTEES>TIE

KR E S SICEBMICHANS O, L—F L — U BELEIC L 2 R TIRES T 2 8l
ELEFZRS3, 5.51077. BERINTI—RETRY. 2 3#5m (ETFTHFR) LELER
L, B® z=0mm {IX\—F O T2 "o m» 5 EF 10mm OIEZFRT. KOKELE
IXAKOEREFRNMEBERT. RIOWEIL33mm IZAEHE L, FoFIke R0y
T2, K5313BBOI 7 avxy FEREHU D ARICERIE, BREOI7aPxy b
T usin; 20, 2.7, 39m/s & LTHE D, FmAKSE casee-1, e-21T2WT, £2[5.5
FERKDOI 7 ey PEESRM» O ARICERIE, EROIIZ 2T xy DOTRE ugm;
0, 2.7, 33m/s & LIzHED, FHEAKRLE case e-3, e4 1DV T D ZRTIRESH T
Hb.

F7z, K54, 5.6 (TRBBLOEROMEOCRRSI 70y xy M ETEARICEZRE S
HIHEEDENENEG.3, 5.5 &xtind D AkRF.0E B LOF 005 FEFHIZ 6mm
NI ETOMEMBESMTHD.

X 5.3~5.6 DHIRDZENEZD.

(1) M53(c) DEHICRBDOI /v vy NOFEENHETEI 7V xy MREHET DK
ROFPLEEFEORENE LET TS, ZRERAMICHERL TSR ZE2RT. h
HESEEE CEEINERERICHET 5. K5.4(1) TO# (o) 1HE 5.3(c) k&0 H.08
OIREPENZ L EZHERZ LTS,

(2) M55 RTLICERDI Iy MEETMNLERIE DGEITTHERETH
IIRESEMT AERNH S, ZHIiIK5.6(1) OFLE EOBESH ML IO LS.
TROOEAEREGH CTIIEROI 7 v ¥y FOFEENETIE EF0E EOREIRE I
M5B Enbord.

(3) @54, 5.6 10, BERDOII/uVxy FEERMNLMAE LGS, EEEBEXP.O
O OEN B TALD. TORERBRIELIIZROI7udcy FOEWERE AR
OEEBELY bEV.

(4) ® 5.3(a) BL U 5.5(a) DEEAREZRIBEESHTIEALRALTHS. Zh
X7 b OB E ERE ETANBRI THAREEREDL RN L ERLTVA.

5.5 ErEIEREBmE

DTICRERITER 2B 5. FEEMITAIEIDE 5.2 D case n-1, case n-2, case n-3,
LU case n-4 DERBIHIE LTERD (2), (b), (), BEV()ITFT. TRTOREE
i, KEOWRENEFREBIELEZRATORTHD. XOHE, Ehidz 2 hEhsm,
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(c) case e-2: u,=3.9m/s

5.3: BB 7 vV xy b EAMAE LICKRO ZRTIRE ST

10~ . 10+ |
£ -

< - ~ ¥ YT
(a) Flat Flame | (a) Flat Flame]

....... (b) case e-1 7 g -------(b) case e-1

g P (c) case e-2 I A == (c) case e-2

0 N 00 3000 o oo 2000
TK TK
(1) Lo (2) £ M 6mm Wi
=]

5.4: I 7Yy Mt LT & & OKRKIRE OEIT [ i 7540
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¥ 58 FEEHSIEEMAME

TK
400 1100 1800

10

Zmm

(a) Flat Flame

(b) case e-3: Uy =2.T/S

(c) case e-4: u,, =5.3m/s

5.5: ZR I/ vV xy b EfME LIoKRDO ZRTIRES

10+ E 10~ .
¢
..... :*;
S > } N 3 T
i
t
)
)
; (a) Flat Flame (a) Flat Flame |
.‘; ------- (b)casee-3 | | . 7 e (b) case e-3
it ‘/_" I (c) case e-4 5. S (c) case e-4
e R | R a s 29 i o oAy
0 7000 5000 0 1000 5000
TK TK
(1) AL b (2) ¥£H M 6mm Wik

5.6: ZEX I 7 vV xy baftE Lz & & OKRIRE O8I M oA
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R FENIRIET S, 2=0mm, 10mm ITZFNEgEHR &7 MR E-idze&Mml & 7 M
IS L TWAD. E72 r=0mm TH DS LTS, RFOBRITILEL O N1 O
WHEDNIEEET.

5.5.1 BESHEEELT

5.712, BHEMOREEERE FE~Y PRKZRT. ®5.7(a) LY, casen-1 D5
WEREIO I 7 mVxy FEMNELESEEIR, BEOI /70T =y FBKRIZEEL VDT
TARIFIBLZT TEHOHEEZF>TVD. PLETETEEMETL TS HOD, F
FIERIZIIEL T AKEIHRIZN TS, Ll casen-l1 DL EDOBBOI I/ ndzy bD
FEE, ZOARTORBFERERIGES, XV HBBOI I edzy MREZKE
F 5 LRIZFT case n-2 DIRICBAIHERICES. K 5.7(b) £V, case n-2 DIRVRELD
I udxy NefFELICGEAI, KRITBEIOI 7 a =y FEZE L TREHMUN L AT
MOMEL HH, EEZTEPOENEE TIREMET U TRTBERPEE TWD Z b
5.

—K5 5.7(c) £V, casen-3 DTF/WERDOIZ vV xy MEfE LIZHEEE, KRICER
DI/ Y=y PHEHRELTREHINOATHO#EL S, FOEEE TREN EF L
TW5., ZOKKTRERBEOMEIL r=4+3mm 5 TH5. £ 57(d) L9, case
n-4 DRNWZEROI 7 udxy MaAE LGSR, BREMUD 272 M O 2R3 case n-3 12
EEARTRERBFEL S D, case n-1, n-2 OFFEIIRRIIZ, EEZIT o OELIE THIC
BEN L UFLEID B LBENTRT (r=42~4mm) TRIZBERE L RoTWnH T &nd
bind.

5.5.2 H, ratio D%

5.8 12K 4D Hy ratio DEERK Z T, e CHEL d=1 OLE 2B TR
ZZTH,ratio LIXEIEIRLIZERBY TH AN, TOHRIHEET DT ITOILFEEN
O U T RBERT DR DBRELF O Hy DEN 3R E L TERBSINDET, kKD TERYL
BUZ & o TREERT O OB O Hy ORFELHIRDOES N2 RIETH L. b LIBRRIK
BT TS & OBREHRRRIZRHET D Hy ratio=0.15 & 720, £/ Hy BH/HRIN TS
WEEZ2 51X 0.15 LV /NEWVME, BESNLTOARERGIF0.15 LV REWEEZ LS. B
I7uVxy NEBRABRVWEFRFRARORETH, Y& 0=1 OME TIHERILBOR
2T Horatio 1349 0.18 &, b & DBEHERDETH 2 0.15 LD b RELR-oTWND.

5.8(a) £V, casen-1 DFVREIDOI 7Py M EMFE LGS, BREOI 7 vy
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) case n-
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Z mm

Zmm

Zzmm

— 12—
= 0.12-]

r mm

018

I 016
) Air Side l L
-10 -5 0 5 10
rmm
(c) case n-3

FuelSide | —— |
E .14

oA Side 1 . o
-10 -5 0 5 10
rmm
(d) case n-4

5.8: Hy ratio ZE{E#R
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72 £5 8 FEHESERBRAR

kS KA TETZE LT D UL T TS B =1 OFTCIE H, ratio 1349 0.15 &, E&F
EARDOEED 018 IZHRTEWMEE 72> TWA. ZDZ LIXBATERIZE - TVl case
n-1 DFATEH, KKOMOHE L BFE LUZRIREBOEEIZ LY Hy 0FRBEETWD
TEETRLTND., ZIUTREHMEI S RCrMO KRR L BE LTz, Hy OFEWIEEMEICE
K4 2BRICBOFEICLL2bDEEZLNS. K 58(b) £V, case n-2 DIRVEREID 2
ruadxy NeftE LSRRI/ nd ey MEEE TRITERB AL DM, BREO
7Yy MM HELRIICER LT, BEL O=1 O#BRIBREHAIN S R CTlho i
E o TV D FLEHE TYEL &=1 OFTTiX Hy ratio=0.08 &, FEARDIKREDE
0.18 LV LR VIEVWVELZ2->TEY, HyOFRBDEETCNWAZLEETRLTVNS. ZDZ
SR 5.7(a), (b) IZRONIRBATERCRATHIRIBEMRKTIX, MoK L EEE
LT @RI OEEBIC XL 5 Hy OFROBENRRKENVLDEEZ DND.

Ziucxt LK 5.8(c) £V, case n-3 DFNZERDI 7P xy MftE LIZHEE, EX
DIV xy FHPRKRITEZE L T D HLEIHECY &L ©=1 OFT T, H; ratio 1349
0.22 L RELBR-TWAD., DE VD ZZ T Hy OBEMNEE TV D, ZHIUTREHAI S BT
Mk HphR L BE LTz, Hy OFWIEBMEICER LRI OEBIC L 20 TH 5.
F72K 58(d) £V, case n-4 ODRNWERDIIudxy NeftELTEHEIE, EXIDOIV
0 Yy hOEZET S HOLEHE T Y &L §=1 OFT Tid Hy ratio OfEIX 0.24 &, E#FHE
KROE0.18 & R THRY KREREE2->THEY, Mo kKMER L EDHE L RIRIEH O
BRIV Hy OBBENEE TS, $lhcasen-3DFNI 7 adoy heffELEEE L
ERTZERDI 7 uY ey MERIZEDHBOREWZDOHE, Hy OEFEOEASWVIIRE
KTRpoTNAHZ &b,

PLEXY, ®5.7() (d)ICRONBITHRIEE ERIE, Mokl BEE 7%
FIEBOFEBIZ L2 Hy DRBMEIZLD2bDEEZDLND.

553 I A ILES®H

59K EHOT L XN EOEERREZRT. i TYUEL =1 DB ZHER TR

59(a) £V case n-1 DFWREIOI 7 u ¥ xy FEMAE LGS, HOEIEL R
T, HEH =1 DMLY HETM, OFVBREHRER T 2V ERBERIZ/R>TWD.
LUBREIO I 7 v v xy hOEET HHLETETIE, =2V EORROESWE,
R D KK DB AR TN E L oo TN D,

5.9(b) £V case n-2 DMWEBIDOI 7 v xy NEME LGS, FOETEEZ R
T, KROFRIZNTODE TR REAHER T XL ERBERNCR>TWD, L
U ODEREE O RFTERBE X TV AME T, =2V ERBRRRRERA LT, T
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L ———————————r—
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e
€5 e
= —
NN 107
] Y 10—
o= 90 kirkg 10—
% T
| . ~.50 1
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-10 -5 0 5 10
r mm
(a) case n-1
1 — T T — T T T
| Air Side 10 k/kg 7

N = S 10—
I
= T0 10—
F Tl 50 1
Fuel Side 30 *
i s L L s 1 TR L — . P L
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S0 S
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zmm

"Air Side 10
1 L " n x | P i1 —_— " 1 " ) n L
-10 -5 0 5 10
rmm
(d) case n-4

5.9: = &)L P EERR
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H2RMITz> TV 5.

—5 K 5.9(c) £V case n-3 DT/NZERDO I 7 BV xy MEMNELIZEAIL, RiX0 e
HEM T o Z )V EBRIIKEBIZ 2> TS0, FRZHFLEID O BEN - ALE (r=2+3~4mm
fHE) T IV EDOBRIOESVHFREFIZHNTND. £72 K 5.9(d) £V case n-d D
WEROIZuYxy M E LRGSR, BI2POE 5 BEN LB (r=43~4mm {1iT)
THREFETHD. ZOMEIEFRX 5.7(d) DREFRBESTFHME L HIFIEF—HLTWAS.

U ETHRARI XV EOBARRIT, VA R 1 TR LICRET A& L EER S
DYLEE & BAOILER DO ZRIT L 23BN LR WO & L T 3.

5.5.4 FBERHTH

[ 5.10 IZHF R ORARDOEERRKZTT. i CUEL O=1 OB LR TR

X 5.10(a) & ¥ case n-1 DFFVREIDO I/ mPxy b EFE LIZGEE, FEARBTHLE
DT ETHDHN, BEHOBITEESFBIILND L7, ERREEROBKEITILE
S 1 O X 0 SBRBIFERIZSF L TWAZERnbnd. £-E50Isadey b
DEFEL TWAHLENTEC, BERAESHITTFEAROREDLEEDLDLITEA LR
LTWRW., ZOZEDOHAELTELOND I L EZUTIZBRNS. —RIZKEBIHERSE
TD L, KREPELS 72V, RERBLOEIMIHE > TLERBRS OVEREN ML, H
RICELHANIMCFERIERE L OREE IS 2E@m1IHD. LI LI D case n-1 DFE
WZhE, KREEER & B U 78RR & 5 Hy OFRIC X 2R BER OB ERMMb Y, %
ORBEOHEMER L BVERE BT UALT, —REFFEARDOREARLED LA
WHFARELNIZEDEEZ NS, EoT, BEARSHNELEEHAEORED L & &
ZLTOWRWOEF—REIR Z & TIde <, KRz e BEE L 7oRIRYEB OB ML
TRNEHBTHDHEEZLNS. X5.10(b) £ case n-2 DIEVABIDOI 70 dxy b o
15 LIH81E, FOEEE CIIERASEE Thaan. o Z Li3F.0EEfE TRETER
NEEXDHZ & EXET 5.

—7, ®5.10(c) &£V case n-3 DPNWEROI/uTxy bfFELEHEE, ER0OI
7uvzy hOEERTDFLEEETRERAROENIRE S R2TWVD. ERLREFITH.L
L TRRELES Z &b 5. TIUTKRERIC L 2 KEEOBAITEET 5 KISk
53 DI E DN 72 & NS K S 3R & B8 U7 B PREHNC £ 5 Hy ORFMEOFEITL 5 &
IARKRENHDEEZ LS. K5.10(d) &Y case n-4 DRNERXDI 7 Y=y FEfT
ELIBEE, EXOI7uv=zy FOEHRETLITOEEET, EFFERARONIED
DEBAENRDHY, BEEROEMOES M Lcasen-3D L X LERTREBFERETHS. £z
BRI L ECERELZERD Z ERD15. Zivd case n-3 EABERERIZE S &
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160 T T T T T T T
1400~ -
1200+ ]

A i Steady Flat

% 1000~ Flame _l
: 800-— —t—case n-1: ug=1.5m/s |
L —A—case n-2: ug=3.8m/s |
600 —O— case n-3: u, j,=2.7m/s .
400 L ¥ case n-4: u, i, =5.3m/s |

0200 400 600 800

Stt!

X 5.11: RETAkRMIRER L kKX RHEHIRE DR%

Abhd.

5.5.5 KRMHERFE L NXREEDORHEZR

K 511 IZ&EFEIZOWTORFTKKMIER St & ARERIBE Thee OBRETRT. B
ATk RABERRIT YU E LD 1(ERIBEA ) & 228N > TORBEIC X 2 KK HEFRE OB
FLLTERL (B3EZR), JUEMRTORBRE L THRLNIMIE L YELLN 1 OEBFD
R PO RKICESHTER LD TH S.

1dA
N C R
L e 1w
ou v 10(rv)  Ou
=TT, <E + £> + ; or + ;9—; (51)

ZIT, AIEBA TV D R TORUNKKERE, ne, n, [TXRETHT D EBAERSZ b
NDr, 2 FRARGThDH. EToAREEIRER, KREERLROF CFEEWE TOK
BEELLTROTND. K511 FCTEATRLIZAR, EEFEEARDOBET, BEHT
WTNOKREMS L LR LT mEEE B LS8 & & OARMIRE L KR KEEIRE DR
BRERLIEZDDOTHS. ZOEFFEAROBOLERIXAFHE 25cm /s DHETHY, H
DEFEDODKRDI 7T xy N X ROFIHIREBICHIGT 5.
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BALUAN TR U ATEEDO AL, £5.2 OFFHICHE LD THD. 7 vy MM,
B MO RRIZBNVTHYELD 1 OBBNIIR 5 F R TOKRMIRR L £ DOFEMETOKX
KEBIBEORBRERT.

K 5.11 236005 & S ICEFFEAROEGE, KKREHEEITKRMERROBIMI LS
THRBED TS, £ L TIOROEMMNZ OBREHIR TOHKRAEZRLTEY, i
CUEKFRHREREPRE LS 2D EARIIHRTENTHRIZESD.

511 &9, BEIOI 7 avxy b5 LB E O case n-1, case n-2 Ti, EFFHE
KR EHNRT, AUKRMBEREZZT L EARBETES R>T0D. Filcasen2 T
%, EFEEEAROBERBROXRKMERLY /NI RARBRFETHBERICE>TW
5., —HERDOI /e xy beftE LTEBE D case n-3, case n-4 Tid, EHFEARE
T, FIUARMERLZZITTHEREOREBIZARY, 5 case n-4 TIIXEFEFLEAKD
HERBHR LY BREBRARMEREZIT TOHHRICEDLT, RBRELHERFLTVD. Zok
5 IR KRRARTER L KRIBE OBMRIT, LITl 7 kJ g L BhE L @RI OB EIZ X
D2bDEEZIDLND.

DL, RMAXRERBEIRFIARMRRICE > T—BITRELT, kKR
& B UIBIRIE OB EE, KRORBIZASEFLEMT S Z 83005,

56 LIV

kT & BROBEE T A BB E Ul myRitBuk &£t U, BREHAIE 7213 225> 5 28
BrEFIIZBREOI7uV=y MEERITHIEICL o TRIMMREES 5 X T L EDkR
DEEE, BEEE, L—UVHILEZRAVWERTEBEESHAEICLVBEL, EEX
JEEN S SR IEECE B U BB R K 0 BT 2 1TV AT OGRS 7.

1. FEARIBEHULOBEOI 70 xy M 2ERIEHOMEL 5 TR T,
IruVrzy FBIEETAIHS TRENMETL, BEERICEYCTVVEELRS 5.

2. FEARICESMNOERDI 7 uVey FEFHEIEWOMERS 5 X AR T,
WHOREN ERTO2HEARD 5.

3. B2 1, 2 DKROBFEALERIE, KROME L BB L 7o b FREAk 5 OB IR
2% D Hy OFIRET-13BME, 72D BN EALFERER S OBRILBUC L 5= o 2L E Dl
RRIZERT S Z EE2HLMMNILE.

4. ERICL 2 RTRERNEEREFEAE CHEONTBRIT I —EL, REUEMAENT
ERTEOND L) R AREMEEZ LSRR TELZLE2FRLE.

5. EHTEARTIE, AREEBEILKKMBEROBMI Lo THFAIIED L, kKR
BEITARBERICE > T—BROCRES. LIrLEFRIICELZMED L5 AKTIE, k&
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6%

EEHIFEFIRANK

6.1 FEAMNE

ELTRIEBA RITBIRAR R OEELEZ DN, TORBMARAITEFROEELENLY
FHEEFVRBFCHELZTD. ZOTDKROBECHARRIIB LI TEALORE
ZALMNIT D Z LI, BIRARE LOELIRAK R OMREABESCKREBEFER R L, E
7z, BLIRAKROEEBMNRET ) /0 vIal—ra OOl RaRTHD.

TaEE, BEOU LWTUTERARRNORBRE L LTOKE LBOTHOMRESL L
T, MEEFEIEBARIEHE EZTRP LERIETGEDOEREETICLY, BekE
EDOFHIC L O RIEOBRRLBITER SRS E,  F -8t BB Ryt UK & (Bt Frd
WCAKORRIETZITIMUD HER AR S8, BUEBITIC L > TRKROIEEFZEE &, %t
Tt, PLER, BOUG & BHE L CHEHABRSBER SN TWS B LIS RICB VTl e
KFEOTHIZE D BFEE L KKEEICOWTERICL 2BENM TN W, FikKIEE
& BB AT O RIRFRIE % R ELIRIEBUA K IZxt L TITY, BRI RMRRLEEL T/
FIEABRREBBEIN TS B FRAEKKRTHOALLBOTHOERT, EEXITAD
FEEFRRAREBEOEBIZIOVWTHEMRING, £72 CH & OH OFfE{kIZX Y, k&
BOTHEPBEREINTVD M. FdmEEILEARICEREROEELS 5272 &
E DOHERMBA EHERICED ETOHREFEEHT, BRFOKRMIRRICKTHIEERFHED
MOV TER L MERITIC L VA T 5 Bl

LN LARETEEETOUEAROIEEFZEE L LTO, BREREZO®RITHE RXEB
TFIREKDOERK, BEKBRRR O NNCKKEHE L BRIEBOEEIZ OV IR EICHEMRZR
MR INTELT, ILICHBICENTILERDD.

AETIL, BB KRLERORER) &ZERIMOXMIESE TR S L5 FREILHAK
(ZHEVN 2 N> B ZBRE T IR 2 B KA & 72 1R EHRI D S IEE B RIS S8, KR
RFTRNIFEE R EBEZMMNT D LIk o TARMBBERHBLZEIEELLDTEDK
ReARE L, KRORFERBESOLDEIHS BEXBREREOHEEBRRE, L —
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PL— ) BELEIZ L D RRIBEORKM B - 2R & ERGCE S RIGEI % &
SRR B LT IEEFBEMITIC L VMBI 2. bz ko TREHEER
RFHRBAZRBLUOBEXBRERR LOFEERAR AL, TOMBHRRZOELD
R &g 2 fRBA 2.

6.2 =EREH

EBRTHOWIZHMEBA—TIEE2ETHALZEY TH5DH. ZoktmiE - A—F2HNT,
BRELE LTKEEZERDOREY (BHORTKEIR, EFESS%) LEMEAIE LTERE
AWTx R EERIEE AR E KT D, £ OFEAKRICANE0.26mm, #ME 0.51mm OV
ATV VAR ) AVHLEKEIIRBOC 2y b UTI7uvxy FEHTE) 28K
A 72 REHAI D> & RN —F & 7 b & [EEICHEE FRNICE R S, KRITHEEFIC
BEERXDHIENRTES. FEFEIZ7udzy ME, B XV ERANCERE L2 EHESS
NOZZETIIBEOENEZEZHZ I E->TI 7 aVry MFEPHFE win; ZWRE
T5. EHBEBOBEITITHARELLIEEEDI /7 nPxy FOEHFIIABRRNOEITIFL
AEBRELIRY., KRERTOERELEFREOI 70V xy s OFEFRIFIT u;=11.1m/s
L7

6.3 EtE&EH

KRR DOFESHFIIER TOERMFIIZITELTCEY, UToLBY THD. EX, B
BoznEFhos 7 MO TORmmEL e Hic Up=25cm/s TH—& L, £/ 7 MY
O CORREFAFET, 225, RELEBIZ0 L Lz, 2R, BEESm STl \—F
&7 FEEEBET 30mm & Lz, ¥k, BEREREBRBOI 70V zy bO ) ANV, AR
0.25mm OEE ) AT, J AVHEEITAA—FF7 MOMD Smm FHROFLEIEICH D
bk L, EXAINGZERD, EFBREHANGBREIOI I/ ny ey b2ftE5ET 5. I/
Yy b OEHFTHT upy=11.1m/s & T 5. MAT BT, KREERDREME L,
ZDREHIIERTHW LD LR U T, FHELT HaNy=1585ThHd. B, EREDH
WMAROEIRGEL L, BEIX298.15K £33,

B61ICEZZITTAROEAR EFHEBEE R, I/7nvey b VT Em&ICE
BL, /JANVERIFEEESOTHIY S 6125mm ERAIET5. I7u0v=y MY, L
T bt LT 2 B E T IBREHR & [REgO st it e LTW5, tir Em &
IZ 28, ZFRICEEOREESFRNCr#E & 5. HEEBIIKG6.1 D XL 512 2 FRNIZ 20mm,
BLOr FHENZ 10mm OFFAE L, ZEREIZIAT 2 T 160 8, = FANZ 80 18 DS
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R T N I R A T

Fuel (Air)
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Strained Flame
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Micro Air
(Fuel) Jet

f

6.1: T/ uVxy ML 2 EZ M D ATk s & SRR OBE

+ (ZI718 0. 125mm) THETS.

BEREEIFLTICRRD LBV ThHD. £7, EXMANLERDOI 7l =y b 25T
5 EZIIZOWTIRARS, FHEMESR T 2=0mm 3Rk 7 OIS L, 5 mEER S

IE—HEIZ 25cm/s, TR RFREERTIL0 £ T 5. 2=20mm %, TNRENERSY 7 M
A%5 10mm, ZERIZ v Yxy b/ ZAVHEEND bmm THUCK S LTS, 2=20mm T
OENFFEEE, BERFEEIIUTOLOICEZXD. ERIZ Y=y b ANDPDLETH
TR 11.1m/s, £ZORAEEZZER Y 7 MO BZERA 25¢cm/s THALD & 9 2t
BEFRAREICL - TROTRE, ZKF 7 FHAM DL 10mm THROEESM % 2=20mm
TOREFEREFMHEL L TERD.

Wi, BREHABREI DI 7 aYzy NeftE5T 25 L&, 2 =0mm 1%, BEF 7 FHA
225 10mm, BEI 7 v vxy b VR D Smm FIUCHIG S E D, 2=20mm IFZER
7 PHOZHELTWA. 2=0mm TOREZMIL, BREI 7 vT=y b Vi bRE
PNEEIFEE 11.1 m/s, £ ORBEEZRESY 7 M A LEENS 25cm /s THALD & & D,
BREHS 7 FHAMD 10mm FIROEESA &5, £72 2=20mm Ti¥, B FEERS
—#RIZ-25cm/s, BRI MEERDIT0 & T 5.

DTS D r=0mm Ti¥, r FAHEERSIZ0 L L, ZOMOEEIIAE LR LOKEE
5 2%. ¥ r=10mm CTIXBHREHERZHEZERS.

HEOEITIL, ETHLLLORDTEVWZER FEAKDKELZ VS L LTER,
STEBME L IR ICZESME BN I 7 a Py FEERIEDD. 378 V=y FO



84 F6E FEEHSFEERMAMAL

MEITE VR (0125 ms) @O BIZOLIEDEE TLYF, Zo%—TEIZE>. BE
HEIZHEEFEHEZRDDT-DIL, ERHRHEAT v 7T L OIRMREZRDO TS,

6.4 ZEIRAMSESOBEREHZMELE-ES
6.4.1 ZEERHFRLE&EE

R6.21%, EEHEEARCESAUNPOERDOIZaYxy b, I U m=11.1m/s T
FE5LIZBEDOREDOHEEE _RTRESHOERETH S, FXITEE LIHFH ¢ 1ITER
R OB THD. I7uvzy NOERNBSBND t=13.5ms%, I7avxy b
BKRIER L EERAR EEICETELSOH 5. t=14.0ms TiE, 27 vVxy FBEEH
KR EZERT DR BETBICER L TVW5. FFERBIZ 2T t=16.0ms TiX, {HX
L CWARWEEEEZ B> TV AKEROEEN DI 7 vV xy MelE o B ~&RH o
FEEAI 7 udy FOKB D LI BRETHOTW L. BERBOEROBEIIAZOERITIC
FoTnWaeLEZOND. t=170ms TIX, 7 2¥xy MO/ LTV A FimE CIRE D
BV EEKTH. ZOHFBEKLTWEEERS TILITOFE KR OR&SIEE K Y #9 300K
m<RD.

2 FIEHBRERE

6.4
mES

X 6.3 ICZERMUNDERDI I/ uxy Mefth Lz & O ZRITTKRIBE 5 OFRFEE
bZRd. BRI TEICA L TH AL, HEERERTIZ/ vy FOFEER 05
LI H EIFIROTH O O 2R T, HEEE LMK, TR ZERBRATS.

t=0ms OEIIER DI/ uPxy M5 T 2ROFHMRETHLIEHFEARTHD.
ZOBARITI—RITHEEELZRE >TSS, t=20ms %, ZRDI 7=y FBRKED
FLERAEICE TEL, KRICEEHE B L) BRI/ 0 PLEI T COERE O KD
HBIHEL 72 5. Z OB TOAKMIERIL, R UREE RV ER Fi kK OHERBR X
REBEROWABELOREREZR> TS, LML, ZOHSTOAKEREEILITR
KEDKRBEIZHARTEZFEETLTRBLT, ZOBRBITARICKE o kKK MEERD
o TNBICHEbLTARBERBER > TRY, KROHEEEFHEO—D2THD. ZD
% t=25ms EORE VoD LI, ERIZaVzy PAKEOMEHINCE TEL CF
ZEECARIBENMET L, CRTEAERICES. £33/ Vxy MIEHTIHIEED
AENRRKEL 22TV AZ EBNbND. FHWTt=6.5 85ms LIFEIFRTHE, I/
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TK

400 700 1000 1300 1600

t=13.5ms

t=17.0 ms

& 6.2: L—HFL—VEEEIZLD, ERII/uPVxy bafFELILE EOZRITARIBE
G DAL
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T K

700 1000 1300 1600

fuel

t=9.5ms

t=10.0 ms t=11.0ms

6.3: FEMITICE D5, BRIz uy =y FaftE Lz & O ZIRTTAKIRE AR ORERE
ZAk



6.4. ZRANSEIORAEHZF}E LIBE 87

VUxy hERE CIIARIBEIL 600K BEICE TET LRATER L TWAZ Ebnd.
7Y xy MNEBEHBREMII~EA TV IZ DN TEBAREE L BHOKKBOND, &
BENRIZ7ovxzy FNOMIEIZIHE D LR TBEIT S, ZUIAREIIIZES. 208
S LEE DY TREMU S RTUOBEEF-> TS, £LTE=95msild e, —
EIZERoIs/nvzy FOERIILY BAER LI e Y=y MNEGRR THWNRENE
KRYVBEEFEAKLTVWDS. ERZOBEFKL TV D ERBITBEHN S R CHMOER2 -
T3, ZOBFEKES TOAEOREREIXt=11.0ms DRETIT157TK £ 72> TED,
CHITEEFEHAROEFBETH D 1308K IZLENTH 210K EL 2o TWAE. BRBID
BEXLTWBESTIE, RUREOERFEARDOHERBRKRHERRONH IFOKE
EDKRBERRER DD TND.

FEFEmAKRIE I 70y MIB> THOTTHW SRR & 222V THDESIE, B
BHU2 O RTMOBELZF - TEY, FERARBOBEIHEANATES RoTWDEZ ERD
5.

RRIGEDSH

VEBUKRPER LRI END Z LB FRINIFRBRTRAEROEROESVEE
BRI 72D, RUSE (unreactedness) D53 Z2Rd.

ZORKIGEDHOEKRIE, b URRIGENKE RELZEBIVUL, (LERIGHEA TV
WFRARETHORBATHRMARZINVI L EZRLTEY, EERRIGENNSRER
BiuE, FIRAEREIZR S TORWVD, ERERTFIRAREIZR > T TH T TILZERE
DEATBY EAT IR NIV LERLTNS.

Bl6.412, ZRMAUPHZERDI 7 vV xy bEfTE LI & & ORRIGE D ZIRITHH ORF
M2 b ZRT. ZEORESMOR L REKRIC, FRTICM L ThHOREITEEEEER T
suaVxy hOEEEZONLIL EFTHBODTHLORHERL TN S.

t=0ms D E & FHEAROKE T, RRIGCEOEIZAREKEIREL L > THDIHFTLY
HEDPRD DR TEEZF > TS, ZOEBEEKIT0.09 L/hSNHDTH DA, Rk
RKTHYRHBREKISEDEDN 0 TRVDIX, MAESH MRS Th ¥ KRITEHENRD >
TWBTY, FGEE CIHMEFFEREBIZEL TELT, FEFEEOREIZHDTZDTH S
EEZDND. t=20ms B I/ v Vxzy FERSHBARPOLICETEL, ARIZEEHFS
HEIDRREDOL X, RRIGEOSHLEN TR INI /vy NOEEBEZIT TR
EHU2 6 RCHOBRIZIR Y D05b B DR 005, t=2.5ms &, KKIFEKII/Indzy
NMEZEH TRATERIZE>TWAR, I7uxy MNEREHAT CIERKIGE DS K E
Y O22H%. DFEY IO TRAEHRZIIKRRTREIDERLINOO0HHF LT
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Unreactedness
0 0.5 1
! 1
0_
g 0‘
N
20—
t=0ms t=2.0ms

[ air |

t=2.5ms t=6.5ms

t=8.5ms - t=9.5ms

t=10.0 ms t=11.0ms

6.4: ZXI 7 uVxy baftE LI L EORRKIGESF R ORBE(L



6.4. ERANSTELORFELEZRHE LSS 89

LTW5. t=6.5ms TIEI 7 v ¥ =y MREITBEHIIZEA TV, ZRICHESTIZ
7Yy NEREAE TREGEIHINROSHAR TRBICKRELRDY, SHALESZE
K[z avxzy MERBIREHMI~ET L T IZ Le o TREHII~BE L T < o3
bhd. BEXKERIOI=85ms DXL Y, I /7vTxy MNERHTORKIGE DR KME
1.07 L REBREEER-TEY, BT IRMOIEFTICKEVKRRTREEIDPEHE I T
LS. BEKEKDt=9.5ms TiX, BEK LIS OKRRKBENRE 25T
SEG CRRRIGEDHEII/NEL RoT0D. ZIUIRKEEORE VKRR TRERUCE
KUEIELTREALILZOTHY, ZOWHSTEIRIZRS>TVNDLIDIFXZDTDTHSD. L
Pl aYey MBHORBRHEL Y b LBREHUOE S TIXEERRISE DK & WV
SRRSO TEY, IHREATIAMOKREVRETFREIIMEERIGERE Z & FI2E -
TWBZEERLTWS. t=10.0, 11.0ms TIXHEZE K L7255 ORIBEIL CiIRKISE
DR EVEBIIHER L TV 5. ZHIBFIERZRICER EN KRB TRERICEE ALK
RFBERBPBEEINZZILEEZRLTWAS, EEEEHOREAY 250 Hir L O ICRKIGE
PENMIRENES L, FEAREPHER> THOTETWAIRKIGEDSAMBEEL,
TEHOBEILRoTWHORbMNS. ZORIBHOEBICFEET DRMCEDOENIKE
WS, MIBST-FRARODHFEEEZELTWD. E-FEEARE»HER > THUT
T TCWBI7uvxy MERESOP LTI T 2 RKISEIIFRARBOZ L
D HEPRBBICKEIVD, ZHUTZ OE D COKRBIEROMEN FE KREDO K KMHIE
FLYHREWVD, FERIEOFFEEOESVPEERRI LY bREVIREIZH D5
LThrEEZLND.

REEDHW

X 6.5 ICERMMPLERDI 7 vy MaftE L & & OREFR D ZIRITTHH DR
bz, t=20ms DR LY, BRI 7 Vxy MIKRITEZE L TV D H08)ETHE
BPRELBROTVNALZEBOMND, t=20ms ITARIZI 7T =y FPBREFELIBED T
ruavxy NEmBKEOFLEHETEL, FOEE CEEBOKRIBI/NEL 25T
WAIZH b B THREIAICEIEZHER L O AEEICRIET 5. t=2.5ms [IZER I/ 1
Vry PR EEFICETELIZ v Yy MESRH TIHBENMET LT RIS
50, ZOBETIIEAROSHIZI /e Voy b OEEMIT S AEHTRELS o T
BY, ZOEBTEERGNERTHHZ EBNLME. Z0I7udey MITHIXXK 6.3
DBEZALERE L TO2D L IICBEDOAENKE L 2o TV AMEIZKIE L TWVD.
t=6.5ms TIIFEBARORE WEKIZII 7 vV =y MIEIZR 5 B TREMI O R GE DK
TWVEEEICA 2> THUTW, 278 Pxy MR CIERBBARIIIZL AL 02> TWY
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$6F EEHSFEEMAME

Q kJ/m’3s

t=10.0 ms t=11.0ms

6.5: ZXRIZuTxy haft5 Licd & DORBAESMHOREE/



6.4. ZRANSERDOBFELEHE LGS 91

505, BIEE CORRAFIIRBIIKRELS Lo TNBE I b5, BEKERD t=8.5ms
T, 7 Vey FPOREIZKE O WY TETETRERENRELRoTEY, FIZERE
DT IEVEIR TRERDERRE S RoTWS. BEAEDt=9.5ms DX LY, =K
7ayxy M TEBAEOENBIEFIIRESRoTWVDS. ZOEHIE, K6.3DIRES
AR e L Tond ko1, BEAL TRENG < 72 5 I OBREHA O RTEER I G L
T3, £ 6.4 ORKIGESFAREREE L TO2B X1, ZORBAERORKEWERT
IROSEDEIINES 8D, EERBAROKE REROBKREHI OB RKGE DR X
WEEAFEL TS, ZORBRKROREWVEDIL, RRTFREERICHD > TxIFLTW
HFRAKRKROIGHEEZEZONS. t=10.0ms PR LV, HEBEOKE VBT t=9.5ms
DL ELHENTRRATFREROHFETDIHA~NEITL TV, ZOFEBRDORE WEED
AN RBBEO BN VRSN FET 52 L 13b2 b, ZORBEOLEF/NI
BT, FIRAAEMBIZLEZOBERITANBEELTEY, RRIGEOEIINESL 5.
t=11.0ms P LV, BRAROHMIL, 7 v Vxy ML CHRA KX DORIGH D
oy &, FERILEARBPHBRNTHE—BEOEASD T EOBELZFH SO L Nbrd. F
BEAKRKORIGHEDOES T, 9.5, 10.0ms D& & LR TRBAEROMEII/ NI 2D, Z
NIBRRSEDOGHAP D b D»5 L 91, BETIRMOREVKRRTFESINIZLAL
FRoTWRWZOTHS.

H, ratio D%

6.6 IZERAMNOERDIZ7uxy MoeftE5 LA D, t=11.0ms ® H, ratio D%
EHREEZTRT. KPOBRIIYELYE 1 OMEE Y. ZZTH,ratio &1, BETICHEE
T HETNTOFERENOHE Lz, REFTOMEROREIFO Hy DFENZRE LTESRS
NAMET, KEHOBIRIEEIZ L - THREERT O OBREN O Hy DR E ORFEAHRO
EAVWERIETHD. b UBIRIEEPETIVTD & OBREHRRRIZH S35 Hy ratio=0.15
LY, EEH, RHFEREINTOHARERGIFE0.15 L /hEVWME, BRI TWSIRE:
51015 LV REWHEER LD, BBI/0Vay MEEIZRVEFFRAKROKRETHY
B 1 OME CILERIEROEZE T H, ratio DfEIIN0.18 &, b & OBREHARDOMETH D
0.15 XV HRELSRoTNS.

K66 LVZBROIZuTxy M ELIEEE, ZROI 7 adxy FAxET D88
MICHEL TI 7 Y=y MRS AE Y &L 1 O#EESREHID D R T O R E2 R -
TW5 Z ORFBICiE, FOEHICYEL 1 OB ETITI Hy ratio 23029 & K& AR5 Z
EBDND. TOZEITBES O Hy BEEINTVWDZ LR LTS, T, B8
RN ETHMOMETH DL &, Hy OFWIEBMEICER T 2B IREBOFEIZ L 5D D
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_P"uél 'Si'de' ¥ L 1 T ] 1 T ) T I lOlzloff ]
0.28 0.22 i
5k 0.30 024
i 026 7
£ I ]
g 1(]_=o.14 =
N L 0.16 12 b 0.18
15E N -
—_— =

Ail: SlidleL i 1 L 1 l 1 L 1 L I [ 1 1 1 i

-10 -5 0 5 10

rmm
X 6.6: ZZER I 7P xy FEftE L L&D H, ratio DA (t=11.0ms)

EEZLND. BETERS OBEXEOBENFEEAROE®IBE XD HK 300K &<
RBHDOE, TOBRILRICEL S Hy OBMBICRER S Z & 03bhs. £ FEmAkXIEES
FEOARE &, T I OBREHIIAMERNTE TV EESS & OFEHHIZB N TIEL, Y&k
1D L ZATIIH, ratio DfEN 0.16 TH Y, ZIVUIFEEAROESOED0.18 LV HiE
VMETHD. ZHIIH, OFRBPEEX TWVWAERZEEZE LTS, ZOES TITBREHINS R
ThOMEZFE->TEY, ZOMOMBEEE LEBRITROEEBIZE 2O TREENT
NAHBERE STV A.

IALEDHH

X 6.7 ICEKMNLERDI I/ nYxy FEfFELIEHEO, t=11.0ms D Z)LED
FERRZTT. MPOBHRITLEES 1 OMBELRLTNWS. K6.7 L0, KRBHFEL
TWAHEIK T UYLV EDBREBROND. ZOZ L3V A RN 1 TRWT EICER
LTW5. FEARE CTIIREFEER T o XV ERRK TR 7T0k] /kg & 72V @RIz -
TS, FZERDOIZaPxy FOKIRHBOBEKKL TVWHEL TIX, = FIVEDE
25K 130kJ kg & 720, T ZNAEBERIOESVPFICEHEETHLZ EBDMPD. Z0ZE
FEIGEANTBRIEBNRIC L D KF DR L WA T, ZOHS TRENFIE LR
HThsd. ELFEMARBEERDOIZ avzy FORUEIZR D o ORKEEHTIE, =



6.5. HREHEIN SHBEOBMEY %5 LB 93

II[TI

 Fuel Side

LD L B
Lnd
(%]

T

[E—
N
,I
[N
(]

-Air Side -
1 1 1 1 l 1 1 1 1 I 1 1 1 1 I L 1 1 1

2
-10 -5 0 5 10
r mm

:___;?7 t:::r@i

X 6.7 BRI/l xy hEfELIZEEO N ED5H (t=11.0ms)

2V E OB FR KK S50kI kg £ 720, =2V EREIOES WV ERERAKKIBIZLHST/HE
{7BH, ZOIZ LIHBRREBIRICLEKBOFIRE EA TZ O TIRE S FEAR
IR TR 25 RETH 5.

6.5 MEAINMRHEOBFEHZMEL-EZE
6.5.1 EERHERLKRE

X 6.81%, FHERILBKKITBEHIOBEIOI 7 0P xy & RE usm=11.1m/s TH 5
LB B DAEDOIEER _RTBREAMOERME CTH S, AT LR ¢ 1 EREF AR
HOBRBRETHD. I/ Vxy POEKNBRLED D =11.0ms %, BREDOI I Py MRS
KRIERE UFEAR ESBIZETELODDOH S, t=12.0ms TiL, BEDOI /=y PR
WHEAkRZZRERT DR BEAICHEHE LTV 5. REZBIEICO T E=13.0, 15.0ms
T, AL TORWEEEEEZRF > TV 5 KEOEEMN S D 600 55 700K FREE D k%
BEIZASTEREROTANRI /v Vxy MERHRO LH~I 70y FORIEIZH> T
7Yy MIGIETHND LI RETERANIBOTNS. LALERDIZrYxy b
ARG LA L IIRBIIIL, 17 e Yy MERSME CORPTER% OBE KB
R,
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TK

400 700 1000 1300 1600

t=15.0 ms

6.8: L= L —UEEEICLD, BEI/oTxy bEMELELE EDO KRTARIBE
G340 DRI ZA L



6.5. BEAINSBEORRER 2G5 LSS 95
6.5.2 EtE#H#REKRES

BREH D DIEERICBB DI 7 a Py FEMFELTEEZEITLARIIONT, HiE
FRAT AT o TefE R ZUTIZERD . KKOFEMEE LTE, AIETOZEIMNPLZERD I
nYxy FEMFETLIRDYIE, BERINLREOI 7 a =y 5L, TS OS5
HIERUTHS. RBBEOI 70Ty FOFEERE upm; 1X, EROIZaPxy bO
FHFE LR T 11.1m/s & LTz,

RESM

X691, BREIDI 7 Vxy FEFELEZBEOD T RITKKIBESHOBERELLE
Y. 2B, FRTEHICH L THL2REBIIFREERER oI/ udzy FOEEL 0 2
B2 H B ED T b ORI 2R Y. RICIEEER BRI DR, TR LR XA
LTHATS. t=1.5ms DR»H, BEIOI 7 v Txy hBRKROFLEIZETEL, KK
WZRERIZD LD RFBIZR D KRDBII/NEI S RoTWELZ ERDRDL. ZOESTDK
RABERIIFE UREE AV ER FE AR DOBERBRARMIFERL LR TREREREE
ROTNBN, ZOWMYTKROERBEEITEVIRERZFE > TV KKOEEEREDO—
DTHDH. FOH=20ms ZOEEL VLD X5, BEOIZ7alxy FBKKDO LR
DZEZHNTE TE L THER TARBEMET LREFTERICES. V1 Ti=3.5, 6.5, 9.5,
10.0, 11.0ms & FFEARIBT D200 T, BRI 7 v v =zy MelmilAERRITEAL TH
<. PHAEREEZFEOKKESPOREBHNIZ 2 Vay FOREIZH B THUTH
T EBb2sn, REOZESMNLERI /vy b5 LB L TZOR
Eih&E<, £ t=9.5ms UBITRELSFHRITIZEAEEL LN E3brb. £t
BEII 7 u Y ey FEMAE LEHAIK, IfiOZRMANLERDI Iy xzy M afts
L7Z5BE L IIHBMICI 7 nPay MEE CTRATEASE ULEEEKBHRZITIRAONT,
LB E CORSIBEITt=11.0ms OFFET67TTK SEBETH S, T FHEAKRE & Bk
DIy vTxzy FOREITIR D ES L OB TIE, EROIZudxy MffELRE &
EEHICEENTEEARTLY BB RoTND I LIS,

RKRGEDS

X 6.10 12, BEHLPEBEIOI 7 ad ey MG L& & ORKIGED ZIRTHH DR
BIE(LERT. EOBESHO L & L ERRIZER TN LTHAREEIIFEBBRER TO
/vy POEEZ OO D LT TORBEEZERL TV, t=1.5ms D5,
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T K
700 1000 1300 1600

t=10.0 ms t=11.0ms

6.9: BAERRHTIC L5, MK 2 B ¥xy M EME LT & & 0O RITERKKIRE A RO
[



6.5.

PREEIN SREORAEEZ45 L2156

Unreactedness
0.5

t=10.0 ms t=11.0 ms

6.10: BB} 7P xy NEftE LI L & OKRRIGEST ORBRIZ(L

97



98 B6E FEEHIFEEMBAR

suPxy NEMOBEM TREIGEDENKREL 2D D20H2Z E8¥bhrd. ZORHE
WREI S 7Py PBARICEZELIZILD TV ABRARITIELFEWVEEEZFE-TEYE
FIERIZIIE > TR WVBERBIZR R L TW5. £D% t=35, 6.5, 9.5ms & KeER@EIZ-D
NTREBEOSHII /7Yy MERROBENHEOELZMIIBE L TN Z 2D
5. PLEETRTER LTS E ZATRREIGEDENMIRE WIS B RZITH
NB0, TOSmTEER, RS E HICHBRHARBICOMLTRY, 220/
AIEOZEZM» LI 7y FEffELERE L TELIAIW., ZOZ EITRAET
HRBICKBRTRARIIEEIND OO, EORBT HRMPIEFIT/NEVRRTES
KU INT, EEHEBICOBM LI/ TLIERIN TN RN L EZR LTS,
ZOZ EITBREHINLBREIOI 7Yy MafRHE LIZHRAICE, EROIeVxy b E
5 LEHE L IIRBIICI 7Yy MERH TRITEREZOBEXBRRIE E RWVE
KEEBEZONS.

RBEEDSIH

X 6.11 12, BEHINOBREIOI /7 adxy hEftE LTz b & OREED ZIRITLHH DR
M2 L%, 1.5ms ODRINE, I 7 vavxy MEFEHOARDOIEN/NE 2o TWBHERS
TREARBOENRFEXRBE LR TRKELRoTNDHZ ENOND. ZOZ LI 6.11 12
RLEEDESRA»LERDOI /7 aVzy 5 LSS THEROBENALND.
F7211.0ms OB 6, FLEFHETRIERA L TND L ZATIIREAL THWRWI &30
nb.

H, ratio D%#

(1 6.12 {2, BEHIDROBEIDOI 7 0P xy M EME LA O t=11.0ms @ H, ratio D
LERREZTT. NPOMBIIYSELDN 1 OREDNELZRLTWS. XV BBOI 7
uYxy hEMAE LSS, POBMOECHMBRL TV AMOTYHELNP1IDEZAT
i% Hy ratio DEITN0.08 TH Y, & DBREHAR TH 2 0.15 I TEL /DI WVELE
RoTWD., ZOZEIRIZOFEKTIIERM» O I/ avey MEfHE LIZGE L ITHIC
BREHAI 2B RCIHOBEEZFF>TWVWDH Z & LEE LT Hy OFWILEEICER 3 2 & IRIE
BHRIZLY, HooFRBEETWDIIEERLTVS., ZEANLI /Yy MR
Bl AU ARBELEEEKREARNREOI 7udey b ft5E LI EITAT
RO, ZOBFITEENRIZ X o TKKROFRBE Z U RFTERZICRET RO/
EVRBRTFEERLPERINRNI EICERLTWS., EFEARHERBDOI 7 0



6.5.

PRI S RO BTEE 245 L1=156

Q kJ/m3s
2.5e5

Zmm

t=0ms t=1.5ms

t=2.0ms t=3.5ms

t=6.5ms t=9.5ms

t=10.0 ms t=11.0 ms

6.11: BEII /7 mPxy a5 L7l & DRBARSHORMEL
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T T T T T LR L '[ L] L) T T I T L) L) ¥

FAir Side

1 1 I 1 1 I L I 1 i L 1

¥ | l T T T T I T T T

- -

—— ==220.187
[Fuel Side 0.14

o) Rt A I R
-10 -5 0 5 10

rmm

6.12: BRELI /P xy FEMHE LT E & D H, ratio 5 (¢=11.0ms)

Txy FORIEIZHR DRy E OREEETIE, YEEN 1 DL ZATH, ratio DIEDH 0.20
?&@,gﬂi$ﬁkﬁﬁf®é§%ﬁl@ﬁﬁ?@Hﬂmmwﬁfbéﬁawk%&f
REWVETHDZ LBDDD. ZHITH BENEE THLILERL TS, ZOEST
IREHAI D R TR E2 > TE Y Z oMo R L BE L -RIREs o2 EIc L 50
DT, ZOMEBETORENFEARTOBELLERXTERALTCWAIERERO—2THS.

IRILEDSR

X 6.13 iZ, REHAILDLRBIOI /7 aPxy baftE LIZBED t=11.0ms DT> ¥ )L E
DEBRENEZ T, HPOBBRIILELN 1 OREBOMEELZTL TS, M oB&REDI
7uxy FeftE5 LIcGE, BREI/7nyoy MAEZELTREMET L TRATHEA L

TWDES TIXY LA 1 OB S T U LY OMEIFH-30k] kg L BRIZR > T Z LY
BARBLTEY, VA REN1 TRNE _ié;dJﬁ'E# TTHERNTWDHZ L5
FIFEAKREBEBEDOI 7 0P xy FORIEIZH DD & ORAETIE, = FZAED
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® 7.1 FHERME

Case No. | U [m/s) A [m/s] f [Hz]
a case 1 10
case 2 1.25 0.95 50
case 3 200
case 4 30
case 5 2.0 10.0 [m/s?]xt [s] | 100
case 6 200

B EURE, BRSO OB HIZIZ CHEMKIN BT & Fu iz, Lo
H,, O,, Ng, H,O, O, H, OH, HO, ® 8 fior %, ERRISFENZEFELOET32EE
Bl ZThbidknEd, 5 6ETHWLDOER—TH5.
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GEE L THER T, AWTBBHI Ha:Ny=15:85(fFELL) DIRER L LTz, ¥ 7 MHATO
BREH ZEROMBITEE L, EIKEE, BE 298.15K & L.

7.4 FHEEH
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up = —ug = Uy + Asin(2r ft) (7.9)

T U IR FETGE, AIGEELEORE, fIEBEAEETHS. HESGEELDD
ERTIDE DI D.

Z I Tcasel~3 (X FHRE L IRIEX B E LU CIRBIEREEZ B S B 725E, cased~6 1
WHFEEZ EE LR Z 0 2 bRFfE & & b IS H 8 I oW CRB A 2 21k
SHEBETHD.
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7.5 MEHTHEERERE
7.5.1 IREBEEBEZILIEL-EESONXEDEE

7.2 (a)~(c) IZENF N casel, 2, 3ITDONWTD, KRKEIEE Thae & SEEN 1D
P& TORPTKRIPIRE St|o—; PRMELEZRT. K 7.2 (a) £V, casel DIRENEREMN
10Hz D3HE, KRMEFENPRELRD ERKREIIETL, EARMREN NS RD
ERRBEZERTD2EWVIBGERHY, b OIRENIRE OB KKMTERDOE(
X LTENCENS R OND B OAMEENIT NS NI L300 s. KT7.2 (b) case2 D
IRENE )Y 50Hz DA, casel DIFE L LT, KRMEROBLIZKT HREELLD
AMAABNBRKEL ZoTNBORDLMND. T ARBIEROEEIL casel DFE & HAT
FEAEEDLLRVY, BEE(LOREBII/NINWZ E30nsd. KT7.2 (c) case3 DIRENE
B33 200Hz D5E, REELOMMBENIIED casel, 2DHE LY bEICHFIZR>T
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B AR S OO KRIBE O KRHIRRIIXTT DIEEMENEL 2D T ENbr5.
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INIRB R RIS 5 & cased~6 £ D IZFEHIXFAGTIE & 5t itE O IREHRIE R — 72
FETHLERE, %D KRERFERAEMBRBBEBICO - THARBFET DEM
WHDBI BN,

7.5 (a)~(c) ICENF BRI G L TR X R D EERIER 5 2 358 OEEEHK
EEEET, cased, 5, 61OV TDORATARMRER L AREFHEEOBFRERT. KH
DEREIMBRIL, EFFEARDRFTARMERE KREREBEOBFRETRL TN,

K75 (a) £V, cased DIRENEEEAD 30Hz OFE, EEBRBBHEML, RETKLHBIE
RRPDTEFEKROBERBRZBZ THI480s HIEL R L & ARIBEITET LIERICE
5. HRIZED ETIIARILEEREIC L VMRS, BEITIETEZBRVIETE, Z0BE
IIZITEERROFEH L E LY. K75 (b) LV, RENEKEA 100Hz (ZH#I0 L7z cased D
BE, KRIIEFKEOBEERBIEERLZ B DHEEREZT T THARRIIMRINDZ M
bhd. & LU CEEREOSEICEE S HEROMIC L 0 MIRESH520s  IcE LI L &
BRIZERZ E03b25. ®T7.5 () L0, E5HITEENEWEA 200Hz (Z#0 L 7z case6 D
B, cased DFE LY b I DICKRE L, EHEAROHRMBIFRRL X DMEELZT
THARITEI, HIERERNPE620s 1 IZE LR THARIZES., 2D X 51T cased~6 D
L o7, PHRtmTE, OF ) FHRRMBERLIE LWVAKROEE, REIEREHEINT
%13 CBREE DR IRF K SR ARRRITEINT 2 EEN DB Z L 3brb. K75 (c) LY
BRI AV, BIERBED LTV IBRICEWVT, EHAKEOEARROXLERKEIRE
F U HENARBETHARN RN, BORENEE L TWAEBRNFEETLIIETH
5. ZOEIITKROBREOREE, RAGPRES, BESSEOXRREOBREICKE
SEEEZITTNBELDEEZLND.

7.6 LITUO

N =7 MRS ETEREBEL, —H208R%E, tirbBRzedmSETHRLT
K E LRI S N 2 XERTE T TFE LB RIS L, B8, 22K E R 72
BERE 25 2 1o KPR DWW TR DIEEHFEBCBERZRE, HRIIH T ORBICER
L, BRICENF L SRO R EEE L BEHE 2TV U T ORRERT.

L KRR I miitd 722 & CNT KRR IRRORB A A I DI R RARERITH LAL
FEBILHOSENN L, F 7o KRIBE O KRMIRRITHT 2 BIEMESE(L LIRE ORILEIV/NE
KRBT E&ETFLI.

2. HERBIZELDHEEFNRKRMPEREZRIT D L, KRIIEFKROBERRAZEX
DRERKFMIFERZZT THRIBLZHERTOHEENTFEL, ZOHEDOHERRF KK
SRR ITIRENE R OEMITHENEMNT D Z L 2R L.
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1400

—o— Steady Flat Flame
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o 1200

£
= 1100

1000t |Quenching Limit of]

Steady Flat Flame
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(a) cased (30Hz)
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w1200 ;

&= 1100 3
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Steady Flat Flame E

900 :
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(b) case5 (100Hz)
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\ —e— Steady Flat Flame 3

1300

v 1200
= 1100 S ) / 3
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1000

900 :
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(c) case6 (200Hz)
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3. KRDOBERFDREITZ DRBICEDETORBIC L > TRESEELTT, EEAR
PFELERVE D RERICE> CTHOERESEETIRANFEETHZ LE2R L.

4. FRROEIITARIBEIIKRMFRTII—RITITREL T, FEEFHESCKLRECE
BIRESEFLELTDZ L 2rm L.

25 30K
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Valay =z
8
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ok - [EHE 2 F S I aR K X D BB AR AT

8.1 FAMNE

ST 2 BRBETCBE DO — D Th H ELIRTEB K RIIWHRAI RBIRARF DERLEEZ BN D.
EHE, F6ETIINMIFEITEBK RICE Y E T2 338 E FANTEAEHA £ 7o 13 22 K0
ORI ETIIERORFEREM 5T 2 Z &Ik Y kRIMREEY 5 X T2 HEDKRKOEE
ROVHK, ETHEHABROBEAZOCHNEMI OV THRAATE L, L LEBOELFIEEX
RPTIIRRITIEOHREELS T HHS b HIUE, HDWVITEOHIELZTEREEZMHE ST
DIEET D Z & MELFRIL B AR OMEBIEIC & ERAICHL S Tns [

TLAEDOHFETIE, FREFEARICRHZERSE PIV 2 AW RERE 2TV, K
REBBRREBBAELHEE L TESITAOMBENKRIZDNoTo & & DKRROZEENIT DOV
THAL TS A, L LEHEED KEKITONTOFEMRFRITRBETIIEE A LT
BTV RVOBERTHS.

1IE - AOEERICE VMED D WVITEMEZH O KROEESCHEZHALMITE Z L
HRIEBAR DTV /R alb—va VEBET S ETRARTH D & L HITHE
Xt & L CHBRIRY

Z ZTARETI, %*}(7}6’5&%’%0) RER) & EKGROR AT TR S L5 XMt E
AN O d Xﬁbﬂjﬁ@/\“—‘j‘—ﬁ 7 FLGER BIZECE SRS AovE VTR
BHAl, ZEKBHRE| 21T 2 EICE 2T, HIRIZBOMIEROE Y EMHEELE 2 EFH K
REERT D EHREL, %@ké% (B 8.1) IZ2>WT, BRICEINF & ZMAIEREE
BLUEBEHEEZITI. ZNICE D BIR - B2 D IEBUKR O K RIBE KR FFEICD
WCHEHT 21T 0.
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Air

Fuel

X 8.1: fiRik « M2 5 xPRdithtiik & OH X

8.2 HEFEH

KRTEHDEFITIUTDLEBY ThHD. BEL LTUKRLERDOREY (FRESERTK
F15%, EF85%) %, BbAIL LTERE AV TR Faittik R =Bk 5. BRE,
ZEREBMARDOENIRKIEL T5. *fmT 53— HEBET 10mm &35, BRIh
TEEAKRIZRT L, BB, ERKOINFON—FF 7 & EEERE LB 15mm O%3|
J AWM EOREIZATH Z L2 k0, FOETHEO KRS Uk SkE £ TADOMIERE
B35, BREHMIE X ZEZRKMO%S ) AV AY DIXENZREHANE 7213 ZEK A oS —F
X7 MO ERI—DOFEE LTS,

FEFE AW ERESREX, BE LU CFEERS, RRGCEEIEICRLZEBY T
Ho. FHE, FeELEKRIC, BEHE7NVITY XAITSIMPLER &%, B1ZMHER
X U R B B OB 2 i CHEMKIN BI~MBl 2 BvwCcn 5. Bkhik, 228k, W5l
J ANA~ORF T FEE OB Ch 5. FHEERE, % 282 L 2=0mm %
BREHRI S — &7 S H A s E 72 i3RI 5 ) XV AY BdsE, z=10mm %z ZE5Ufl/ N —
X7 M OWEE IZZESRAERS] AV OWiEE LT 2z FHNZ 10mm, F 725308
EEREOFRRFEN r A2 IRV r FENZ 30mm O & 95, ZZEZ AL 2 FENZ 80 &,
r F7 AT 240 fE O ERFRIE 7 (Z A48 0.125mm) THEIT 5.

BREFIZUTICEND LB ThDH. FHEMBEET 2=0mm 1388 & 7 b E 723 EHA
Bl 2V A BIZRIG L, £722=10mm iFZERF 7 M ERIFESAES] , VY DI
XIS 5. FEARERT 2O AT, ZRMA & b A E R 21 0.25m /s
ELEREEFRAFEERSIL0 LTS, FLETH S r=0mm Tidr FEEERDIZ0 &
L, TOMOERKITAELR LOFH 25 x5, £/ r=10mm TiIHBEREERSHES 52
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* 8.1: At ESZMF

case No. | Suction Velocity [m/s] Flame Shape

fuel side (.22
1 flat

air side  0.28

fuel side 0.27
2 concave curvature

air side  0.23

fuel side 0.15
3 convex curvature

air side 0.35

5. BREHAIOW S| ) A 2=0mm, r=0~7.5mm O E L, FERMOKF| / i
z=10mm, r=0~7.5mm O L 55, K5/ Z)VikE CiIhHmitE 2 Re I iE s LT
BREEE LTEXD. E¥RFAIEITI0E LTE 25, KB ZVOFEHZRS /N —
+ &7 MO ToBKE, BROMEIIEEL TS X, EBRMIE LI ERMOKS] ) X
JVAYD OTORSBEDERFGTAR R LOFRGEE 5 X T, BEFEL, FTRGIE
VIREECEFE FEITB AR EZRA L TRE, K5l AVAD O TORS[EHEZFTEDESI
ﬁgméﬁéif@ﬁmﬁméﬁrw%,%ﬁ@ﬁgvﬁﬁut%,:@ﬁ%f%ﬁﬁ@f
NOEEHEN+DEFICET DETHERZITVWEFHE G,

FEFHEITER S.1ITTRT 3 ODFEMITONTITo 7. casel ITMUED 1 OREDALE %
FIEIPEEHOBKRDO L D, case2 1T B 1 DIRREDALE & 3K 9 2SBREH 2> 5 BT
DOMEEZHOHO, case3 1THELLN 1 OREOME 2R T EIREHAL O RCHOhE S
HEOHDTHS. FK81IHFDORI(FREIL, BEHUEIZERMORKS/ ZO A AlmE
TOFFEBRNH LM AN I TWEHEER LTS, WD case DA HEEHAIE 72
WX =AW 5| FE OAEXHEDEFHS 0.50m/s 1T/ B L 2IZ L TW5.

8.3 fEEERELKRE
8.3.1 EBENSHEEEAY MILEE

X 8.2(a)~(c) IZZ I EH casel~3 DY ELLD 1 OE OFRMPFEL, BREHA2 D BT
1S 7212 D B SR & FFOIEME & 1 5 KK OIRESH D@ L IEE Y MU EZ =T
HC 2z=0mm, 10mm OHEFITENEIVREHR, EKMMDON—F—F 27 FHAHDWIETHR
5l 2V A0 alrmEicxtind 6. r=0mm X 0ENCRIGCT 5. &E1 2 XV A D BIREL
ZBEMA & B r=-7.5mm~7.5mm O&EFEH TH 5. EEERITHELN 1 OREDIEZ T
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(c) case3: convex curvature
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KLY, casel~3 DVTILD case DIFAIT HIRABHAIE 21T KMMDEF| ) ANATED/N—
F—& 7 LA L TEEENZREEZIIER, HEIVIEREBOTABRESIZ L -
THRFEMOBORERS TR D, o8 mMEERS X RMER & iTim & O®EER S
ERioTRB| ) ANA~ERFI SR TWAHEFRLNS. FREBEESERLY, REIETO
BEOSHBIITFEEARBELRTRELIEB->TEY, SBEWBHKF] ) AVDOA) OIZ
FTELTRY, FLEETIIRE , VTR0 BIEOTREZERSILTNDZ LA
Db,

X 8.2(a) 1T, WIIFEEIBEHU~0.22, ZERM~ 0.28m/s DEE TR LI2BEITTERK
End, FERROMIE - EMELEEE Y AROBESERR L EHEESY MVRKERT.

X 8.2(a) X7 MURRRKM G, BEHMAIE 723 ZEBRBOEE] ) RVIEED/SR—F—F 7
ORI LU THER IR ETZIIER, HIWVIIHBOTABNEENI L > TERFEM
DEDEER Y ZFFD, E 85 FEERS bR REGR & 1338w & OFER S 27> TR
Bl ) ZAN~EWBIESNTWAEFRDNS. TR TORLTHI YR 1 ORELF
TRITIZTEREREZ LTEY, EERIZR-TRBY#REF2VnZ EXlbrbd. BE
LEREY, BB TOREDHABIIFEEARIE LN TRESEN>TEY, =R
BB ) ZVOAY DICETELTRY, FOEETIBEHMIO% 5] /2 XV Tt 1100K
PLE®, £EZKMMOEE] 7 AN2EiE1200K L EDO T A ZREILTNWA I L0 5.
it$b%i?@k%%§ﬁ§@%M%K?%D,¥ﬁk%%@ﬁ§?%émﬂKibé
200K @< 7o T 5. RBFLEHIEORS I TORSIRE F WA MEITEHES R
X bZERMA, >EVBRBFERTELZ ENDND.

[X18.2(b) 1T, W5|FREIREHEI~0.27, ZERKM~ 0.23m/s OIEE TEKE| LI2HE IR
IND, BREHU D RCMORAEFFOMIE - EMZ £ ) KROBRESERHT L EE Y
MR E R

X 8.2(b) 225, MR TRL ThDYUER 1 OWREE R THILF OET A CRREHMAI &
RTUOEHEEZFS>TNLZ ENONS. RESSHRLIY, FOLEL CIIFEALRTIC
HARTEREOSHABIIRESELBELEL R2TWVAI EBRbNS. ZOZ LTk
FEOXBZZ T TOROEEEROEMEE I KRIZONDTHERDZ L THLN, BE
EROEAVIIEERRROEMRZL D KEOBE LD bRE S ZOAKTIERLE EOK
BIREIT 1507TK THH. Z OREIIHME72 R « [EREE DRV EE AR OXKIBE
TH D 1242K L HERTHFI 260K EL o TS, ZOREIBRELZRAMBIIELIZEDFE
AR EFRFOEMEE O KR OBE L FARICERESREL Y bBREHERITE 22 R
bhd. BIRESESE| ) AVOANY QICETELTWADD, Fulshfr CreHal 0% 3|
J ZNVTIL 400K BL B, F722RMO%F] ) AN 51X 1100K L EO T A %#HK5| LT
HI ENDMNA.
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X 8.2(c) iZ, WRBIFEIBEEHAI~0.15, ZEX~ 0.35m/s DB TS| LT HEITFERK
Ens, BEHAD D RCIMO R EZFEOMIE - EHEEE 5 KA OBEESMERK & HERY
MR Z R

X 8.2(c) 235, WM TRLUTHHUELD 1 OWEEEFTHRIT OB TEREMAD B
RTMOBMEERF- TS, BESSHRLY, POEHECRERARTICHESTREDS
FEIEIRES ERBEELEL R TWVEZ RS, ZOZ LI ROEELZIT
TWRWEEBROEMZ ) KKPMOBREFFOARIZOVTHEZX DI ETHDHH,
BE EAOESWITIFERIROEMZ M 5 ARPCHMOBEELFFOARDOGE LY bEDE
BWVIINEL, ZOKRTEHPLOE EOEFREIL130TK THD. £ OHOMELE
DRE T, FEERAN CORRESBEZF L E TR, PERAE S r=+4mm {+
ETHIBIIK 2 & 5. L UEMEME D M5 TOXKREII NS MK - EfE2FDR
UVVEE A REBDAKRIBE TH 5 1242K L HERTHO0K B 2o TS, ZOERERE 2
HABIXFEIEE DFERBREFOEME LD AKDOBE L FRRICERIEARE X 0 &8
FHEMTLD.

8.3.2 {REFEHF

8.3(a)~(c) IZ#%% case DBERDESGMHRE T, K82 LAMRIZ, BARITIHBELN 1D
WO ELZRYT. MERIFEIETRLEFERICL - TEHLTWS., ZoMERT
BRIESICRIT DIEES & KRB OBIIERF RN MLV EREIN DA, AEEHE
TILKREOERST MVITEY BB OER~Z ML LTEHL TWA DO TARMBAF
FELARVES THMEROEHNAETHS. L LARDKKMERDER TILALE
TERZFEOLDTHLOT, REMERN X O ZRBEEOKRBFEE L TWRWEE TIZE
BkZEOH D TRV

X 8.3(a)~(c) & ¥, & case DFAHUELI 1 DBITIH » TREMIBERITFHEAKED
HERR DK & WEIE A O L HEFICED LTnE, PO ETHR/MESR L 5. FERNEN
#J-6mm~6mm DOFEFH TITARBEENEGOMELTIRD Z LR35, 20O L 5 iZxtmiRy
L KRITE LB ST B72 B 24T 9 2 &I & » TARMIERNPIEDES & ADES & 2 BisE
LTWARENREFICER SN THNE Z E8b0 s, bLARKICER FEAR ELITAREH
BRI D KRB ORG| DB A ST I +4r L E G BEN T ALE O HE KR E T DY
B 1 OB TORRMITRIT 1757 THD.
BEREROSMIIEHEICBVTEU LR ZoTWEZ ENb2r5. LnLYEL
1 OREEZRTAMBE OMNBERIZEET DL, K8.3(a) DFEOBRKE b DEHEZ
5 KR TIIHFOE ETHELD 1 OMNBEITREESRICB T 5 KKMRRMEBIMEL & HAE
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r T
805 ]
160s™
FFuel side—— — —
-20 -15 15 20

20 -15 .10 0 5 0 15 20

r mm

(c) case3: convex curvature

8.3: fmaRZFE 5
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EIEIFE—EKL, PO EOYENRD 1 OMEBE TORRMEROMIZ-TIs 2L 5.

Z Rz L (b) @ PUEF R CM O # 3R 2 B0 KK T .ol B iI BRIRAREEDNL
B X0 b EEMOMEICMERNFI-T0s™ ITET DEBNVEET DA, YEHN 1 OME
IBREHANZ B3 > T L TR Y, ZOME TOARBERITN-55" LW IHEEZ LS. £
7z (c) OFLE ETMOMBEEFFOAETIE, ERBEAREOME LV HREHANZHER
M-T0s7HITET HHEENFET L2500, EREASREOMNEIZEZMANCHS - THAE L
TEY, ZOMETOARMERDOMEII-H8! ThHd.

8.3.3 HEEHFH

8.4(a)~(c) 124 case DHBEOFEESHETT. bbb CERRSRBOMEL R
TYUEL 1 OB LR, BEARIEIECRLEHERICL > TEHBLTWS.

[ 8.4(a)~(c) £V, FEEIK, M, MMOMELZEONTIOEHE D KRIZONTHFu
Bl 5 BEN TN B O FE A KT S LB S I LIS o TIHRA ICRBROMEIT/N &
X720, BBIEOAKMBERNADEER> TWAMETIE, FEAERALTHRN
EBPPD. LALWTROSE S FLETETEEEL TWHRWDIT TR, (a)?
FER % FE oK TR LE ECORBEO Y —7 13 8.51x10%k] /m3s, (b) Mk
REFOKK TP LEETORRED E— 7 HIL 1.06x10%kI /m3s, (c) DO %
DR TP OE ETCORBEDO V-7 HEIF4.97x10%k] /m3s & 72oTEY, MothEz
FOKRTRAEDOE— I/ HIT—FREL, ROTEERRREZF AL, MOMELEFD
KR EBRAROMBEITEI LT, ZOZELEIESE, F6ETRE, BIMNARZERE
TATREL OB 2 M E5E T2 Z &L 0 M, MOMEEZFOAKICKIT 5 hE L BRAEOXF
SRR LT D,

834 IVHAIEDHT

X 8.5(a)~(c) iZ& case DT U ¥ NV DERBETT. bbb TERRBSREOME
ZRTHER 1 OE LRI

8.5 &Y, WEIDEELZ T TORWVWERARE TIIE case ICB W THEL 1 DR X
D HREFHERI T ANV ERIBRIZZ > TEY, A RAEBR 1 TRNWZ EICERT HE
CALFERER S OB OZERIZ L 2RI OBRENHN TN D Z Ex3bnd.

WENZ &V EREE T TV D ARMBIEENGOFEKIZOWNTIE, X 8.5(a) DEIRLFT-
ROEEAROEMEE A O KR TIIPLEMMETII= 2 AR 0 L0 /hank sz
ZVENRRLTOWAEBIIFELTEOT, BEMIEITZEZE&M OS], XV AY O
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8.3. MTFER L&A

6.0x10" kJ/ms :
4.0x10* ]

2.0x10*
8.0x10* ]

4
-Fuel Side l 1 1 1 I L L L 1 1IO.(I)X].ISI 1 I N | 1 L I_L 1 1 1 L 1 i 1 1 I 1 I 1 1 ]
-20 -15 -10 -5 0 5 10 15 20
r mm

T L 1 l L} LI T I L T I L L) T T [ 1] L T T
6.0x10* kJ/m’s :
4.0x10° ]
[ 8.0x10" ~~=mem- - ]
4
-Fue] Side l 1 L L l 1 1 I3 1 IIO.OIXIJE L I l ) S| L 1 l — I I3 1 L i 1 1 1 I L L i i
-20 -15 -10 -5 0 5 10 15 20
r mm
(b) case2: concave curvature
1 v . T . T 1§ T L} L} T I T L} L} T | T 4 L} L 3I ] T L T I L} T T T I L} L) T T T T T L} T
L Air side 6.0x10" k)/m’s §
- 4.0x10* 1
g i 12.0x10* 2.0x10* _eT TN T
g 5 -~ <
N
i 8.0x10" |
i 10.0x10* 1
_Fuel Side I I 1 1 1 l 1 1 1 1 I I i 1 L l 1 1 1 1 I 1 L L L | L 1 1 1 ]
-20 -15 -10 -5 0 5 10 15 20

rmm

8.4: FEEFE I3

(c) case3: convex curvature
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FAir side 3¢ -10kJ/kg
50 10
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-20 -15
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LAir side 3¢

Fuelside , = |

-20
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—1
L Air side

| L T T
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Fue151de,|| N L
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(c) case3: convex curvature
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BN THZ U ZVERBERIZREOTAZERG| L TWDZ EBnbnd. =70l
RIOESWVITEMRZ 4 O PO T, RIOEEEZX T TOWRVWERARTLY B KR
XL RoTNBI NN, £l Z)VERFIOREIZ 2> TV A EBRIIK 8.2/ L
7oL DICARIBEPRFCES RoTHWDHEBEXIGELTEYD, TOS TORE LR DR
HD—~>TH b EExOND. FLEETOT L XL EOMTREHERICTRK 129kJ /kg
DEZID. ZHIFE TR K ORE ERICFSLTWEEEILND.

X 8.5(b) DM DB EFFOFEME 2L 5 AKITOWTIE, (a) DEERAROERE &L D k&
EFRRIZ, FOEYHETIEZ o ZAER 0 L0/ INE IRV FNVERTRE L TWHHE
WIIFEEL TV, EZ AL THE, (a) OFERKROERZ D KK XY b F O
EDEMEZ T HFE T Z LV ECRROEGNBRELS R2TVDLZ LMD, it
T EZIVERERTBRIZ R o TS EEIIR 8.2 (TR L7c & 9 ICKKRIBEDFIZELS 8o
TWAEBRERIELTEY, ZOHS THRICBERERDIZEDERO—2>THS. H
LTI R T 156k] kg DERKRMEZ &V, ZHIIEIE T 113K DIRE LRIZF
BELTWwWsEEZDONS.

X 8.5(c) DD BRE b OEMELL D KRITONTIE, BIHOTFEEBREZFHOOEREE
5 kK, MOMEBEOEMEMED KR EIMEAMMBER Y, EELMED PLEAE I ¥
NEOBEIDOESWVITEEARIE B L TNIWZ EXbns. F.l8 ETtox 21
EOSTIEFEKRE OS5 & R LT o 2V E AR E LTV B i ARG FEURNZ A
#FHEICHMLTERY, BEHIRS] ) XV A Y O TiE= v & L EOEN-37k] /kg DH R %K%
BILTWS., EEBREFERAICBONTHL T U ZLEEREIOESWII/NE L, FLENEICE
AT XN EORKREIFERMES]  AVAY OMmEIZIE T 5 65k]/kg THDH. ZOfE
FEMDORELZZ T TORWERARTICBIT D= U X NVESHOEKRETH 5 79k /ke
LV H/NELRroTEBY, = ZAEORENCEHEE ERODRIIEEZZITRVER
WTEARBEY H/AAEWV. ZOZ EIXZ OKKDEMZ 1T 5 HETOKKIBE®FEREE
WEREOEME O KRRMOMBOEREEZ T DAROKFBE L LB L THES RS Z
EDBERO—D>THD.

8.3.5 H, ratioDH%H

8.6(a)~(c) 124 case D Hy ratio DHEEHZ Y. bOYETYUEL 1 2R TR RT.
T Z TH, ratio &1, T OBITTFET DIRBEARM D> TR U T RABERT ORELRL DR
DHy DENGRE LTEBESNDE (B IESR) T, KRPIZBIT DILFFEE OBRIRILE
BRIZE > THy OFRORHWOEEVERIIETH Y, H, ratio DEDTTOREHF D H,
DENMBETH S 0.15 LY bRETNITH, PEMINTRY, SpEFHEHFRITH
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52 LERLTVWAD. Hy ratio i3 3EICHBEHE L W AFHERICEI-TEH L.

8.6(a)~(c) & ¥ & case iIZB T, BB X DEMOEELZ T TORWERmAKRET
XM EHD 1 OfLE TO H, ratio DA 0.18 & STEOBREHERRIZKIE T 5 0.15 LV b R& 7
BEEE->TEY, BREBODRIZLVAKEDRBINTWNWDLZ EBb»D. 20T LiF
FBAETHRRZEBY THD.

B 8.6(a) & ¥ MR AR 2V EEBKOEMZ S KK T, PLESEORENIZL D
JERE 24 O SBIIC CIXL S &S 1 ONALE T Hy ratio OfEIX0.20 22 TRV, EMfE=
TR EEARBE LR L TKBEORBOESVRRENWI LALNRD. ZOZLiTFE4
BIZ Tz, FHEKKIZIOD THRE & H Sk RMRR L EOHFE TILH 2 2ED
R TV BT YELD 1 OALE TO H, ratio DEZSHEIN L TV Z & & FEREOMEM
ThdEEBXAOND.

4 8.6(b) DM DB EFFOEMEZ 4L D KK TIE, FOEHED SR 1 OALETO Hy
ratio MEIZ 0.22 Z#ix TH Y, K8.6(a) DEFEFFIZRVEEBR R OEME LD kK
CHB L TKABORBBEOESVWRREL L-oTWSE, ZTHIIESE, F6ETHLRLIZK
ROMOE L BEELLBRIEBOPDRILE 2D EEL NS, ZOZ LdMotERE
FFOIEMBE D KRDKRIBEN LA THIREDO—D>THDLEELXLND.

FE7-8.6(c) DIMDBEEZFFOEM LM D KK TIE, FLEMEOYERLN 1 DET
® Hy ratio DIEIZ0.18 ZFIVIAATO.175 L2 o CEBY, EMOEELZ TV TEEAR
D Hy ratio DIEL ¥ H/hE L 2o T A, TEOBRBHARIZRIIET 5 0.15 LD H K& VVE
EBMoTNDHDOD, %0 (a) 13 LI HEOEEOENEZEBIR DO AS L BT 2 &K
FPFREINTND., ZNEESE, F6ETHRUILAROMOER & BE U 72 5& Rk
BOPRIZEIDEDLEEZLND. ZOZ EITMOBELRFOEMEE D KKROKKIBE
DPEEBREFOEMEEI AROARBELY BIELS 2L LOFEERO—DTHDH LE
b,

8.3.6 HULEHETEDEE

8.7(a)~(c) IZFNE I casel DFEEDFIR EFFOEMEFE D KK, case2 DM DR %
B OIERE &£ O kK, cased DD MR EFFOEM & 4L 9 KRIZ DOV T OFLEETE Tk
FRRS EIRESMETRT. EMB7(d) ICRINCLDEMREEABRWIIHESL LTOE
BOEE AR OLFRER S L BEONAE E R, KIFOBRENIREHAIT S ) VoA D 0%
w2 O OEMEAR L, 2=0mm IZEEHAIKS 7 XV A D A%GE, z=10mm XZE5A%5] 7
KVDAY ORENAILE TS, FaRE RO R, —L, F LR OB RS %
DRAEHIIHE—LTH 5.
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(c) case3: convex curvature

X 8.7: HR.CEhTE O R S & IRE AR

8.7 XV, BB &2IT-o TEMEEIREDAKTH BEF (a)~(c) DAKIZEL TIT,
WTNOBED (d) DEMEE EDR VW ER FHEAR & A TEFRE £ 72 IR EIIIRIA < 72
EOMNISH L, BEDPRECARNNSNI LBb)E. ERIRESEREEDRVK
IV LEL 2o TEY, EHBREMIEZITERKAORS] ) AV THRBOHT A ERF LT
WBZ EBRDNRD. (d) DEMEFDLROKR TIEFEEPF O EIZ ULAFEE L2V H,0 R
OH, H 72 & OBRBEAR & 2 WITT R AR OILFRED, W52 D KK TITREHA S
DV ERBOES] ) VA OBV THHFEL TS Z EBbrsd. EEFEmS
IZOWTIHE, B8l BBERITH D Hyy, O 1S AVAD O TRIKOBRE, ERED D
DRV BALTEY, ZORDDICRBEERY THD HyO ML TWEZ & ohs.
casel DEHE DR R OEME & £ 5 KK TITBRBEERD S 5 WVITFRERY O SR ITITIE
SR OIS L TEY, F72 case2 MO EREZEFOKRIT OV TIEEHMA, case3 ©
OB EZFORRIFEIMNITTH L TWND Z EHBbrb.

{tFEOHIZERTL L, OHOVY—7 % & A& (a)~(d) DWTHDKKIZDONT
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8.8: HULEHWIEIIC 31T D FREGE D53

HIBEOE— 7 EE L AHMEBELIFIEMELTND I &0 5. casel DFEBKERFFD
KEHFTOOH DOE—ZEIX (d) DARDOOH DE—ZELIZF—HLTWD. Enicxt
L case2 DM DO FEEZFFOKEK TIXIOH O — 7 fEIX (d) DARKOK 1.3 55 DEEED.
F 77 case3 DIMDREZ AR TITOH D E— 7 fHIL (d) DAKOESUTOMEL1ERS
20,

8.3.7 XRRIEDHH

8.81Z, fHIE - EMEZEMED KK TH B casel DEEK ZRFDKK, case2 DEREHIH
bR TMOEE RO KK, case3 DIMDBELZFFOKRKIZ DN TOFLEIRIEIZISIT DR
FOSEDGAZ7RS. BLEE TIREMZ M ) ARIZBO TR bADKKMEREZXZ T
TWABEICHSET 5. £ TR ZTORVWIGE OFHIRE Th 5 EF FEmitik
K (REAFRE 0.25m /s, S— 7 HERE 30mm) D XKRIZDOWVTHRT.

FEGE (unreactedness) 135 3 BIOR LHENICEVEH L TWS. T2 TRRISE
CIIFEIECTHHALILLBY THDEM, BENCHFET HIRAEVAMEETEREIZ2 S E
TICRAEL D 2REEL, ERESHLTES LTV OIRBTRE T AP FEEREIZRD E
TIKATAIRABTE > TEHRILLEZ LD TH S, OF Y RRISEDKR/IMNHMEZERIED
fEEFEIZEDETOEITEZR LTS EE X, REIGEN/NS T EFFEREEIC
PVREE, E7oRROIGER K & FIUTEFEFE D HIEVVIREE TILEROE B FEFERRREIZ &
5T R LTWND.

8.8 &V, casel~3 DB &V EMEFE D KKDOKRRISEDEL, BElxEHEZ RV
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X 8.9: KRMmIFR L KRKIRE DR

HREOEELEHAROSH LTI EE—JETHISD 1 BE LRV LY
WCHDZ N d. ZOZLIFEMREZTROARMIELZIT BB T EERIEIME
I VREEIC 2 > TWA ZEERL TS, ERENTIIH LM, [EMHEEES kK
THERFIGEDO Y — 7 EIZMOBEZ S KRB —FRE L, ROTEERRIRZFFOALE,
ELTHOMEBELMHES KRP—FB/NSVEEZIS Z LR 5.

8.3.8 NRMIKRE L NIKZEDER

8.91Z, fH3E - EMEE D KK TH B casel DFEHEER ZFFOAK, case2 DEREHRID
bR TMOBELFEFOKRK, cased3 DIMDMBEEFFOKRIZOVTDKRKMIRER & ARKIBE
DBRETT. KRHIRE St|p—; I EERKICB T 2BBEHBICB O TYELLN 1 & 258,
BRI > CRFTOIMENDRD TN D, ETRARKIBE Thee 18, KRBERZRDTZR L
BEWE CTORRBEL LTRDOTND., FLENRITIFEL4ECHETEEOEDOMHELH
D KA E H FEILBARIZONT, MAmEzr S £ S EICE LS EGE ORER AR
IER L ARBEORFKRTHD. BEOEDHELCED X AREF EEILBKRIZONT
IR RMIREIC S L T—BICARBEITRE 5.

X 89 LV, EfaftE) SEEDOAE, EIEOMHELEED MAEFHERALDOWTHOKX
RIZONWT Y, KRMBIRRDEOHEE TITARBERERNRFDT HIZ O TARIBEITHR
WML TWDSDRDONS. EMOEY ADOKKMIRREMHD KR Tt case3 DIMO R
EEOKREBRNTARMERPAOEBRICA> THZOMEMAIZLEDL LT, KEMIEERD
B L & BITKKIBEITEMT 5. casel~case3 DEMRDEWITF Ol F 0T — Z 15t
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LTEY, FLEh ETARMIRRIIF/NE /2D, case3 DIMDO R E RO ARIZOWVTITA
RABIRFED-50s7 DL TRIGBENENZED L TWD Z EBbnd. ZOFEEIEIH.O
O Z < GEFICHISLTEY, BIZHIB2 X 212 Z OO #RE o kK Tridd O
50 LBENT-MIE COXRKRBENPLE ETOARBEI DV EENI EEZRL TS,

LY, BipDHREZED casel~3 DEMZLE D KK T, AOXRMBIREOFILCE
DKFARERZFOEBUZOWVT D, FA—DORKRMERICBNTH O EEFDRRBK
RIBER D - & b E  HEEMB-50s7 FHECIRARIBEITN 1500K IZEL TS, RNT
FER Z R b OIEIREN-50s~ A8 T 1380K, T L CrhO B E2 > Dk
RIBE IR HIK < 72 0 MERFEN-50s~ A TIIH 1310K & 22> TN 5.

BEOIEDOKKMEL LD ST AR DR L T 5 &, casel~3 DEME D
KR, EREOBENDROEBEOHEE TITIZITEE OEDCMEZLE D kKO E —
BT 20, KRMBERPBPDTHICONTARRIBEITREE OEDOMBEEZ I KKDRE L
DHIRWIRE S & 5. KRMIEEN 0 ISV ER T E OFE KK O KKIRE TR
BRI L TV ADBEMBEE D AR TIIRIEONITEM L TV L7 ARBEDOZERIT
RELRoTNBI ENRDLND. ZOZ EITKRFEKOED BETAKIZIT 5 B BIZTFE
THORRKROEERZRLEIZEIDbDEEZLNS.

UED X5z, A—OARHERIZHGEDOTARBEIRRIELIY —BIZITRE
59, ST KD ICIEFE TR OMIRELCE S BT b ks iR & B U 72 RIRIE#K
DEEERONA ZFEROERY, ETALERIGOETERLRET DX K 2BV BB DK
ROFEBREWCEIVENRT LI ENERD.

84 LIV

K& & ZERDRABRDOREE L ZROXFPTE TR S 415 5t [ it Fit Fmynsek R it
L, REDNA—F—F27 Ml EICEE SRS vz RV CTREMAIL, 22525
RF2ATH T LiCd o T, MOMICADMEBERSEVEMEZMEI EFAKREBAL, BE
RIETTERBOBG DR E Z[ET 5 Z &I & 0 FEROIREFFOKRK, BREHIN O R
TMORE RO, OMBEME D KROZFBEDOMIE - EfE 2 5 KRIZOWT, F
RISBN 15 L B PEME BB LI BERE 21TV, W9E - ER 2 O SRRk R DA RIE
K RFHENZ DWW T 21TV LT OfE R 2 /7.

1. EMEZ D KR T, AOKRBEREZFOHS TARREITEBZZITRWVERS O
KRBELD S EFT5.

2. ERE1DZ &2 T, BEDOEDKKMIEREZMH O EH FEIIBKR D KK MRR
DIET & & BITKIGREN EFT2EMPBH L5, AOARMBEROFER TS Z OHFAIT
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BobRW., ZOZ EITARMEEEMET 212 L) o TESEER ORI ORI
£ BIKE DBEFEDEES VB L AL FRERR 7 I OBRILE (VA1 A R) OPRPKEL R
52 ¢, ETBEOTHBRIZLNDICBAS AT DI LItk 2BzEIZ L BB RDOK
THRRETHS.

3. BE LROESVITARPREHAN G RTMOHELZFEFOARN—FRE L, RNT
EEFR DO KK, MOBERERFOARLEBEEFROESWVII/NEL 25, ZuTkkiiE
NRRDZ LI VLFRER OB OB L OKEOBBEOES VN ERDID, £
T A ABDRIZE AT ANV EOBEICRDEENSMOMBERFOARP—FREL,
RNTEERO KK, ThOBHRERFOKROIEL/NEL 20T ZEHERTH .

4. BOKRKBEROFEBIZ DOV CARMER L ARBEEOBFRETRT L L HIZ, ADKX
RBBROFEFICR VT H AR HE L BBE U LFER OB ORRIEBROEESNL 1 2
PEDOFE, EALFERIEDOEITERKKDOABOEER PIZ X D ARMERLE KKEE
ORIC—BRI72BEURBA BN & 2R LTz,
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K X TIHEARERET D37 A—F OREBNRES RERILBARORBEL LTO,
KBEEBRELE T HATRBIRIER AL ZXRE L, L— VU #ELEZ AWK OB K
TRESFAREEITY, ELRRICEBAFE SRS IERE AW BEMT 21T 2 &l K
DKRIBE, SCFEREREZEHLE., TAONOBONTHERI Y, BELENCL
DEEZZTKRMREZLED KRIZOWTKRBEECENZBZHALNCTHE &I, K
ROMIE - [EMEOKRER, BRIEBZIROEEFTHEN KR OHEE, HRBRE, KKO
BB 2 CICBXIETRELARIC L. EERL D VICKERT» OB LN R
ZHET D Z LI LD EREROGEEME & BEMBITIC L 5 kRO TRIOFNMEZ R L.

EONTRREISEOKDY TELOTWVAD, BERNTAHLUTOEBYTHS.

F2ETE, MAMTEEEBARICEE EIIEEE IR £ 72 X =K S BT
BEEXTKRETHRL, ZOKKERHRE LTRKRO ZIRTHEFHEE SAREZITO -
DOFEBRIEE & FHikl L ORIERE & £ ORZEFHRIZ OV Tk~ 7z,

1. kK OHER, FEEFHZE OMOFHEEZHIETE 2 KREFEMRT D7D O3 MG S —T,
ERETIIEEENRRTES* 52T DORFEE ) AVORBRIREL, FOWEHRO
HMETR LT,

2. KKOZIRTEREBRESABELIT O FELE LTHOWZL—H - L— U EELEIZOW
TEORERE L ERTHWAFEEEOFEMZ R LAIEREZZFHME Lz, FlokkdT
TN 2@FIE ORI X A EEREIZAE CHAEBEOTMEITY, EITKEHEEIREIT
BWETRESTHH 20K EITEFNLUTORETARBELEH AHES 5 Z L 2 HIEHE
WX TR LV R LT

HIETIE, AFFEICRIT HEEBTCR W B ARR, MBEMER, B, HE
HEEZT L., B2 OKRKROBITICBO THW KRB OFRMmESE 2R L.

FAETIE, KEZBEE LIEEERBRFERIEARIZOWTKE L EROEIEEZEL
SR ZREORENIS L CRmiEE S £ KBS H/IT- 0T, —RITHIZ
NEF LT EREAFERNE AW TERISEN % & ZRSTERE BB LI BUERENT 217720 L
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TofEwmE .

1. BRBESR D X 5 726 h 5 R R DB LR OB EIZ OV TER, BREHE L TR
FHEL T Hy:Np=15:85 R° Hp:N»,=30:70 DIRE R & AWV E I HIEEREZ AV ThH+
SREEISKAEBELZHOZD LN TEOITH L, BRELE LTHIKZEZAWTZEAIT
BB R ZM OB EZER T OLERS D LERLE.

2. ML LTCARIZONTEDAKRREEZHA LML, ETFCKRFPITBNTE LY
B OEIRILEL (LA AEDHR) IV U AN CITBRENE LD Z L, E-WERORE
FRILBENRIC L VBB R ORI OKRBRARTEFE TEBINDZ L EALNILEE. £
T2 b OEEIZ L FAFEED /NS KRMIERB/DEWHFEITKRIBELBEKRIER
ELVbEI DI LEERLE.
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HEHETIE, KFBLERORETAZREL Ll-xtmftiiikKizst U, BEMIE 721X
RN SBREIEIIERDI I n Uy NEERIEDL I LILL o TR REE 5 X T
EEDAROET Y, BEETE, L-UVBEEZAVWE ZRTRESHAREIC L VEBEL,
FRRICBINF & SRS IEREBR LI BB R L VBT 2TV T OR@mE G,

1. FERARICEREHIL OB O I 70V xy M BRI EHOBRE B X T2 KK TIT,
I uVay MBIEETHES TRENMET L, BAMERICEVLTVEARS 5.

2. FEARIZEZMNHZEROI /7 uy ey MEREIEWOHEEL L X - KR T,
WREN ERTHEmMIH 5.

3. EEE1, 2 DKRKDOFFMWIRZRIT, KKROBEFE L EE L L FERER S R ORIRIEE
2 & D Hy OFRETITRHE, ROV LFEBR OB ORFILIC L 5= Z L Dl
RRIERTHZ EEZHALNI L.

4. ERICE D2 ZREERERR EBEHBRE THONTEHERIT LS —FL, REMEENT
IIERTELND L) R ARFFEE LSRBETEHZ LR LT,

5. EHFEAR T, KREEIREITKEMRROEIM > THEHFAICED L, kKR
BEXKRBIRRIZL > T—BMIZRED. LM LBEAINCELZED & O kkTid, k&
B R & B L 7o AL F AR 3 KL OB E AL FRER A OBFRILB O BIZ L Y, F—of
BREDO ALK TEH, MERELARBEOHIC—ERMRBERPEN 2R,

HOETIL, KFELEBRDRESTAEREE LIt aFidbiik izt U, BEHMUIE 7213
BERMPOBREETITEBROI /Yoy M EEEMICEREIE D Z LIZ X o TR
REZEZILEEDKROBITERAZOBFBEARE R LOAKXOBEEH L, L—V K
HEFRAVWERHZ B TR TBESFAEICLVEEL, SERRGBAFELEZEY
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WE R B E LT BUER R L VBT 21T O LT O R 2 BT,

1. RN HERD, ETIIBREMINASHREIOI 7 0P xy NEIEEENILAE LI E
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2. ZEMMHERDI 7 vV xy MEIEEFHITIEBARICA G Lz L &, BETERIC
Eolt#, I/7uVzy MEGRRTORMEAR CTHEEAPELD. ELEBEAERORE
TEEFEmARDIBEIZLENTHERICEL LD, ZITKEROMO R & BE U7 RIRE
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DOBEEKBREIL, BIERRIIKRRKIGEOREVWTFREIBEE I N, HRX L TOHRWE
BED D DAKREBITIC L > TEL B.

3. BREMAIDNDRBI DI 7 a ¥ ey NEFEEFIHEBRARIAE L &, BEROIZ
0Vxy FEMFE LSS LITBMICKRGIERPHEEKBERZEIROARY. Z0OZ LT
KRDOOE L BBE U TOBRIBIROEETH, OFRBBE L2 &Ly, B
FTERZCRCED/NSWTREK LRI NBRNWZ LICERT 5.

4. BROI/ T xzy VEFREEWINE LZBEICR LN D BATHER & 0%k <
BEKO—EOIEFHRZL, TR0 I7nVey MEEERICNELEREAEDR
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FTETIL, KEBELEROERSMZHE L T 2R mTEHREEmIEBkRIZRT L, BE, 2=
RIOEIC B R ELE %2 5 2 12 KRIZHOWTKE DI EEFEEOBER SR, HA
T ORBICER L, RRUSENFELERSEBEBRE LIBEHRE LTV T O
wFT.

1. KARIEEE T AT QN K AR BR R OIE BB #3912 DI A R TR RIS LA HE
BAHEML, FAKRIEEOXRMBIERICHT 2BIEENEBA LVIREDOELES/HE L
L EERLT.

2. HELINILDIFEENRKRMRRLZITHE, KRIZEFEXROHERBREZE X
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3. KK DOBEEOREIIZOREICEDIETOBRBIC L > TREL BBLYZT, EFAL
BIFE LB/ VL D REBICE > COEWNEENEET DRENBFETIZ L EZRLE.
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