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A G 3CIE [ Investigation on Flame and Flow Dynamics in Turbulent Combustion by High—Speed Laser
Diagnostics (&I ARAR L —HEHINC X 2 ELIEABEIC 31T 2 KR R OB O BV RHEIC B3 2 0F98) ) LEL,
UTFDOSELD 725,

% 1 FE “Introduction” (Fam) CTiE, ITHEEZMEL L TWD T pL¥F— « MERBRERBEOMIITIL, S3h= - K
REBAMNRBERORBENEE CTH D Z L 2R, T L ) RBREEZRBR IV B R [ R 72 ELIRREEE T L DB F &
PRBESRN O R LZ BB G OMBNCET 2 EOW R 2B L, TNOLOMEAZHLNIL TS, Thbb, &
¥ BESLIEBRBET 7 /L OREEE L RIERR N T U A A REBRR 2T 5121%, wRFf o fRee CRFFME IR L
—VFHHNEORBENMLETH D Z L 2B L, KRS L RAHREICET 2+ 022 HF T2 mE iR L
JEWEGHNEZ B U, SLIRABES (28T D k458 & B OB R & ONRIRREE A U — VRIEL TR BE RS DR ZEE
BIR 2752 &0, KRXOBMTHD Lk ~TW\5b.

% 2 ¥ “Development of High—speed Laser Diagnostics in Turbulent Combustion” (ELVERRBENRIZIIT D&
FEM D RAE L — Y RHANE OB ) TiL, 10kHz OE# 0 ik LRI E C kR &E 2 5 EE/R CH 7 v ke O F 2
1)V D[RR L — a5kt d 6% (PLIF) 2 BA%8 U, WEE =m0 Ot IR 2 RER FI A T L A $ Bokr 71
BytEE (PIV) CEA T2 2 & CTEMV IR LEREES L —TFFHAREZ BRI LT\ 5. BIFS Lo @ikt v i U %k
BELV—VRHHNEEZAWT, A& - ZEKELRER TIRA KR E XSG L UTo KRS & s B o [ERFH 217
W, BEREOEED ER EICKREOBIRITERES 2L, &L A LV AEELRT T, MmN 5 1R
BEENIW SN, KRR TFIRATEAER EIND ZEEZHLMNMIL TS, 61, FThi~E S TiR
BRIBIT KRB B N CTEEOBMRRTIRATHAENH L, BHICHEHE SN Z EZHLMNI LTS,
F72, ELA IV ZEEIR T TR, CH 9 YL ® PLIF D& b S5 DM 72 K R BTEIET 5D 2 & 2B 5
WL, CHZ YA e O 2% /10 PLIF FRFHH O LB A ST L TWD. 2L ORERMNG, B LR
RV IR LA 4L CH-OH [RIEE PLIF & BERFI AT LA PIV O [EIEFEHIAS, SLIRAEES I8 1T 5 kK & B o #ha ket
AR 57 O0FHINELE LTAMTHL ZEEHLNIT LTS,

% 3 % “Dominant Flame Structure and Dynamics in the Tip of the Turbulent Jet Premixed Flame” (Lt
WEE TARG K D e sl iz 35 1) D B K Jeiki & BhROAFNE) CiX, 55 2 B CF o 7= FHARE RIS E A B A 0 i
(Proper Orthogonal Decomposition: POD)fEATZHiEd Z &I2 LV, ELFHEMERTIRA KRILHERIZ BT 2 KRR K
RIEED I RIRTIRAXIETH D Z EEHOLMNTL, BMARTREKILOFEREEZASHIZL TS, T
bbb, BHRRTFIRASHOEMPEEORKMEEITN 1m THY, SEEDTA TF—~A 7 0 A r—LEETH
HTEEFALEMNMILTND. Fio, AFRSTTHZE L@ R UERBEGE S V—FFHIZ2 FHWC, SRR TR
ARYORFTEEHELFH L, KREHTITR SN DBERR TIRAKOMBEEEEDR, RBETEASSKILOSE
R DD & TR R CRIRFEEE DR 3 (FICEF TET LI LEEZHLNIILTVD. 5L, HiglBe
M5 B ORER T A0 5 OINEGH S & ELFGEENC K 5 E A ERMRR TIRESTBLOWEEEE 2 i+ Z &
EHOMNILTWD. INLORERND, BRI T 2 MAR TIRASB O & & O @l E »
FELIEIRE IR DO HE KB CH B rRetE 2 FEf L T\ 5.

% 4 ¥ “Instability of Liquid-Fueled Swirl-Stabilized Turbulent Combustor “((&AEEIZ HWZA D —
JVBLE RBRBESR DR EME) TIE, WUZC I A Z — © L BRBESE 2R U 7 R IR B 2 Bl T2 A O — L BIEL R
BEER AR E LT, BREIEZZ b L —W—hi1 & L72EERS PIV EES R ONT 20V H RO REEHI 2170,
RBERR DB EF IR R ENE L RN FORLEEOBREZH O L TWD. Thbh, REFHAERIZZERK
) E— F/3fi# (Dynamic Mode Decomposition: DMD)fE#T %M 5 Z & T, BMEESROBEAFTEHET— FIZLBEN
IRE) & O ARO KGR IE DR AR T DI F N e R LZET— RBRERNICIRET 52 L 2H 50
IZLTW5. F7, MELOH D Z2 RZEMICE ST FHE RO NS, (KXY R R M TR I ZHR L
EMEIZ & D HHAMRO KA EE N A TH 20, YEbome & IS KRAmEEITE0—BMEZ2 R0,
EUERETITEEET— R~ T— FRBITT A2 E2HLNI LTV 5.

% 5 & “Conclusions” (fiim) CHEETHOLNIMEMmERIEL TS,

i FmSCEBIL, FI3C 2000 7= & 950 300 354 1 ET O 520 b L<ITEL 800 5% 1 FRH L T E&E W,
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Combustion supplies more than 80% of the primary energy in the world, and highly efficient and
low-emission combustors are required to solve global environmental issues. Since a flow is in a turbulent
state in many practical combustors, understanding, modeling and controls of turbulent combustion are
necessary. The description of flame and flow dynamics is a key factor in particular for the development of
turbulent combustion model. In many engineering applications, combustion instability is a critical problem,
which also requires the understanding of the dynamical behavior of flame and flow in turbulent
combustion. The main objective of the present study is clarifying the flame and flow dynamics in turbulent
combustion by high-speed laser diagnostics. A high-speed laser diagnostics that can measure flame
structure and flow field simultaneously at 10 kHz is developed. The developed measurement technique is
applied to a methane-air turbulent jet premixed flame, and the rapid consumption of the fine-scale
unburned mixtures, which are observed around the flame tip, is investigated. It is clarified that the radius of
the fine-scale unburned mixtures is approximately 1 mm, of the order of Taylor micro scale, and
consumption rate of the unburned mixture reaches to three times faster than the laminar burning velocity at
its maximum with decreasing the size of the unburned mixtures. With theoretical considerations, it is
clarified that there are two dominant effects on the consumption rate, which are heating up of the mixtures
by surrounding burned gas and strain rate due to turbulence. It is suggested that the formation and the rapid
consumption of the fine-scale unburned mixtures is a mechanism of the enhancement of the turbulent
burning velocity. In a swirl-stabilized combustor, two dominant instabilities that are acoustic mode and
aerodynamic instability are investigated by a high-speed simultaneous measurement of flow field, pressure
and radical chemiluminescence. It is clarified that there is a temporally well-defined and spatially coherent
helical mode in low equivalence ratio cases, and aerodynamic instability is dominant, while in higher
equivalence ratio cases, the helical mode loses the temporal and spatial coherence, and dominant mode

switches to the acoustic oscillation.
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