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AWML TDNS 12 L 2 KFRIRBE A & V28 KBERIELTE TR A K RICEET 2098 CBEL, LT 5 EL ks
5.

% 1% “Introduction” (F&#m) Ti¥, ETFORE - = R/VF—REICEREL T, BERT A X — U REERRD
FNEL IR ARHED NI TH D Z & 2k, HEH T AL — B L BRBER 23T D BrifirH R H % D BR LA faf
R 2Bl L, AGRXOBMEHLNZIL TS, T72bb, B - =X MR OBLE D GRS
B e I BT SHIBINE X IR L SN TR Y, BEHT A Z — BV BRBEZRIZ O W TIARER O R IR T ZREHT
KB EENE S DRBERINOMSI N NETH DL Z L EZERM L TWD. RARTADEWRS THD A X L KFDH
TERBERFEDRN R E K BB Z Lnh, KFBIRJET A X — VB E BB T 572D A ¥ ZEXSERIELTTE TR E
KR T DKRFOWMEBOFEBEEZP LN THIEN, KmXOBEHTHD LR~ TW5D.

% 2 B “Direct numerical simulation of hydrogen—enriched methane/air turbulent swirling premixed flames”

OUKSRIRBE A & 2 22 ZHERIELIE TR A K R OBEEEEFH) L, ERRIERNICIER SN D KFRIREA ¥ %
LHEEIELIE TR A k28 O E B FHE (DNS) 217V, FEBEIELIR TR A KR OBBERFE I 2 KBUSINFE O F 4
oL TS, Thbh, MEA 1.0, AT — VA 1.2 &£ LT, A X EREOREEIED 50:50 & 80:20
LD ZODERMITH L TRABE —EL LT, 26/b5 L 111 RERD 6 72 2 M L LU g 2 B I AN
T IR BN D SERIELIE PR A KK D DNS #1T-o T\ 5. TORER, MABENFE—DOBETYH, KIJEWINEK
2KV IRBEER N OB EE TR 20, KBWIMEDERN T PR REIT D2 b LN LTS, &
7o, AKFBIRMIEIZ L 0 SMAE AW & SMAUTBEBR IR O K RAEIE N K& < H72 0, KFIRINE 20%D 55 MilE A
Wi KRB SN2 L2 BTN D.

% 33 “Effects of hydrogen—enrichment on global flame features” (KRIFHIARAEEIZ K5 /KEBIRME
D) TIE, H2EIIBNTHE LI DNS FEREMT L, KREIIEAT 2R HOT AEE DR &0
R B, KIEAKRIEIEIZX T 2 AKBIRMBOKELZP LN LTS, T72bh, WTENOKBEIRINERSEM:
WZDOWT b RISEE LB RIS TIRT 9523, KRR & RIGH ORHEITKRBERMBICRE EKFTDHZ
AR LN LTWD. KBIFRMERENGE, WAL OIMUE AWE CRENRFFSND DR LT, KER
IMFERENG A, SMURE AW CHENE U D, KBRMEBEMMENGS, SMUEABE TOMERIZ I D IKRENRHE
BN L EARFENTRERDE LTRSS 2 LICLY, MAREXY O EVKRIRE 2R3 8k /AT
BICTER S NS Z L ZHI DN LTS, 51T, OTHEZIT DEIRAROREEE OIS, ELHEH o k%K
BWHROBMEN, EBRTANMERAT 20T HEEDOLTIERBITERNWI L2 LML TWD. £, (LFEFED
BRI K9 B & IR OB ARG L, KRB AMEN G CIRAMATR - AW CTOERIC L 0 RE AR
INSLK BT, BItETEBOMENR IR T T2 EE2HLNIT LTINS,

¥4 “Local flame structures and extinction mechanism” (JEFTKRHEE & RS TIX, RIETHS
D LT AWTREIC I 2 KOS E O T & KRBHRMBIMRNGE OSMAUE A WTE 2381 2 TE 280 %SOGB 7
TN L BN L TWD. T7bh, EHMEFEICEET 5 T ERB NN TFEE BRI 52 & T, KEWMN
FPEWGAETIIIMUTFIE R RO 7 O VREDMET L, BEOEBRIGHAESND Z EnDIERICED &
LTW5b. £, BIRAKKIZBIT 2RO THHEEDORE & DN D, ELIKAKRT ORI KRER O
FHOT HIEE T 2 IEE TR R DOGE LITR AR5 2L 2PENI LTS, T72bb, WHlESMI oW
HAWRBIZEBWD TAREITITERAE CTIIERICEIROIEFICRE ROTAEENEH L WA, HNHlEA
Wil CIEARIEE R IR L DRI LV KRDPHERF SN D Z 2B NI L TS, 2R LT, M
HAWE T, OFHHEEICMZT, SMIBFMRERBEROEERT, I HITIEREXIGNNT o ADOE: EOBEAEH)
RAERIC KO WRICED Z L 2RB LTS

%5 5% “Conclusions” (ffam) TiE, FETHOLNIMamaBiEL T\ 2.

% WSCERIE, F3C 2000 F & HE3C 300 752 LIRS ORET 50 b L<IFHEI800 7E4 1M L T2 S0,
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In development of hydrogen-enriched gas turbine engines, it is important to clarify the effects of mixture
conditions on the global and local flame structure and local extinction of hydrogen-enriched methane/air
turbulent swirling premixed flames in gas turbine combustors. In this study, direct numerical simulations
(DNS) of turbulent swirling premixed flames in a cuboid combustor are performed for two mixture
conditions, of which volume ratio of CH4:H> is 1:1 and 4:1, by considering reduced chemistry consists of
25 species and 111 elemental reactions. The results showed qualitatively different flame shapes and
reaction zone characteristics between the cases. For both cases, heat release and fuel species reaction rates
are decreased compared to the corresponding laminar flame. For the higher H>-ratio case, the flame is
stabilized in both inner and outer shear layers. For the lower Hj-ratio case, however, the flame is stabilized
only in the inner shear layer and extinction occurs in the outer shear layer. The reaction zone characteristics
compared with unstrained and strained laminar flames in phase space showed that H, mass fraction for the
lower Hy-ratio case and reaction rate profiles for both cases deviate from the corresponding laminar values.
Analysis of fuel species conservation equation suggests that the turbulent transports are substantially
influential to determine the local and global flame structures. To clarify the decreased reaction rates and
local extinction mechanism, the effects of turbulence motions on the local flame structure are investigated.
In large portion of the defined flame surfaces, heat release and fuel species reaction rates are substantially
decreased, while locally high values are also observed. Dominant elemental reaction rates related to
consumption and production of the fuels are decreased substantially in the outer recirculation zone due to
lower levels of radical species and decreased temperature for the lower Hj-ratio case. In addition,
conditionally averaged contributions by the elemental reactions deviate from the unstrained and strained
laminar flames for both cases. The flame in the inner shear layer is stabilized by high temperature burnt gas
recirculated by swirling flows even with extremely high strain rates of the flow field. On the other hand, to
clarify the extinction mechanism in the outer shear layer for the lower Hs-ratio case, it is suggested that not
only the strain rates of the flow field but also thermochemical conditions of the region near to the flame
extinction should be taken into account. It is also revealed that characteristics time scales of the species are

substantially affected by turbulence motions of the flow field.
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