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Thesis Summary (approx.2000 Japanese Characters )

HIER - FHBRBERIE 2 M 2 720121, @R HORERE AT ORI E N LERA R TH S, 2D L)
TRIRBERR ORREE - BRIV T, BHZSKERENE & BR%E = A M HIS OB B EEMEAT S B A BT B,
— Iz, ERAREEERNITELTTREEIRREIZ 5 D 720, AR FHEO THNCIZIEE H LG %4 THBL AT e /e Large Eddy
Simulation (LES) A #h 7 ffAT FIE L B2 DN TE Y, EFOFHFHEBIHEETOERIZHE) LES ZEA I >2dHh
%. L2 L, LES ORISR IIAEHTICERH S A7z Sub-grid Scale (SGS) T T /VCKE RIEFET D720, KFEELFL
B\ F FTRE C Rk EE 72 SGS ABEE 7 L ORISR RO LN TV D, A TlE, HREABIRTICER IS
FLIEPIRE K REL AR & U CEEIER R (DNS)FR 2 FV 72 SGS 7 /L ORHIT A k LEIRIT 2 F&21T\,
LD DOFRERD BEFE TR KR D LES OT= b D HEEE SGS BEET LV EFFETHZ L Z# AL LTS,

B 1E [igam) TiE, ELIRBREE O BB AT & OF SGS RBEE T VS ICB T 2 FF4E D BIR 28 L, AfRX o=
CHBZAL NI LTV,

H2E [ELRER IR KRBV IR FIREKKD T 5 7 2 VEE] Tlx, K - ERELTEER LNV A
FIREKKD DNS FERICH LTI T 7 XN Z24TH Z & T, SGSRBEET MZBWTEEE 2D KRED T T
I ENVEEEAGHICL TV, Thbh, KRHEO T T 7 X VIRIEE, mRESIZBW T RmARICE KL,
W AR TIIRBIBTEE DN & X LA EICBWT, V BAR T L~ U IRBTER SN D EICB VT E—
TaRTZEERALNIL TS, £, HO¥E LTHEBICBIT 5 KKED 7 7 7 X VIRITEIE 2.52~2.57 IZET
HZEEHLMNMILTWD., E 5T, LIRTOMIE TIRE S 30TV D ELIE O 8 B o & 12 J£-3v 72 inner cutoff
BT 2B, oRELEZTREBETHIUE, BEEAMKT TH-> TH KKHED inner cutoff ZF5E R < F
HARETHDHZ L EHLMI LTS,

FBIWE [ TTZ7X0 « XA F I v SGS MBEET /VOREM) TiE, ELHET TIRE KK D DNS FER % Huvi-
T AN EBINT A NEITH 2 LT, UBMIOMRETIRESINTZ T T 7 XV« ¥A4F 3 v SGS(FDSGS)AHETE
FUERTMT D L & BT, SGS AW T —HEHET /L E SGS IESTETFMITHONT HEEE L TV 5. Eik kD DNS
FERAERAWEFHNT A FvD, FDSGS REEET MZBWTIRASNTWAS 7 7 7 Z VIRTTOBMIREER E, b
TR T « AF— LR OKREREO THRED, BB AEEGG R O+0% 2 LZERIcB W TEREThOmE
BEBVHEECTHTE 22 LAWLNI LTS, £, DNS L RIS CEEIC LES 2 FE(T9 28T 2 b
5, BETFDE TV & il LT FDSGS BREET T L % AW 5 Z & CEHRE Ao S B T A B B0 — Sl 4y
G EREEICTHTE A2 2HLMNILTWS. SGS AN T —IET MIHOWTIL, AltiiEk & WAkl
WMEERTEL2ETNVORMANEETHD Z L% DNS FEROFEMARMT N SHOMNIL, T Lo RETLE
WD Z L CRISHEITAREBO TRREZ R LT 5 2 LA LM LTS, E7-, HKTIEE CRMIREA
(SSRM)SGS JE NET NV EBEAT HZ LT, ERDET N LY EREIGHELZ TRRETHHZ EHHLMNICL
TW5. RIS, 2D SGS IEAET IV, SGS AH T —ilE T /LKL FDSGS BT L A EhE 5
Z & TLES OTHKEZRAMICH ETEDLZ LEHALMNIL TN AS.

%43 KT8 E OB SGS MRBEE T /L DBIFE | TiX, SSRM & /1ET /B WTCERA &N TV 5 Grid-scale
(GO B aLEIn T « 27 —)L&2FIT 5 FE%E FDSGS REET T VB AT D Z & T, BTIEH CaRkm
(SSR)SGS ABEET W ARE L TV 5. —EREFMERLTEH O B BEHE TR A KR L OELIRIE R TIRA kK Z x5 &
LT, BELEETVOENT A N EFTVY, SSR SGS REEE T /MIZ L W ELFEAHIc B E Lk ca Lt dn
7 s A=V KRR E @RS TR TH D Z L ABLNILTND. SbIT, BHikREMRL LT
T A D, $2% L7 SSR SGS BREEE 7 /ViX, FHNRE DS ETTER OB E /%D THIZEHB W T
bR EEEZRELTWAZ EEZHALMNILTVS.

85 B HEREERIC 1T D IERIEL FIRA K28 D LES| TiE, HAZ— b U BREEL 2 il L - iR EERR N
WCTER SN D KFE - ZEXBERIELIE TIRA KD LES % Efi L, FDSGS ABET T /L& X SSR SGS BREEE T /L D)
BT A RN &ATH L& bIZ, LES I[ZKDMRBERNENEBO PRI ZMAEL TV D, F3, FERELFEORER &k
ROTVLEE% L BIHEIRRIERRN T > Th, FDSGS AEEET L& 5L SSR SGSBEET L& VS Z & T,
SRR OB E AT A EERIZ TRIFEETH H Z L 2L MIZ LTV D, S 512, LESHERIZ Dynamic Mode
Decomposition (DMD)EHT %38 9~ 5 Z & TIE /I Z B OB FRE O T RIFFE % MEt L, FDSGS BBEE T /L& 5\ ik
SSR SGS ABEE T V& W= LES 12XV, KA U — VIS ISR IRICER T 21X T X CTOEERES
EEE— N%E, BAV—AEBELETHREDS XA/ DMD E— RIZKHST 5 EA T — F2 EES K E v
DMDE— RE L TTPHTELZLEZHALNILTND.
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In designing of practical combustors with low environmental load and high efficiency, numerical
simulations are used to reduce the development cost. Large eddy simulation (LES) is a promising tool
because it can reproduce unsteady phenomena of turbulent combustion. However, since accuracy of the
LES depends on the adopted sub-grid scale (SGS) models, an SGS combustion model which is applicable
to various turbulent flames is required. The main objective in this study is to develop a highly accurate
SGS combustion model for LES of turbulent premixed combustion based on evaluations of SGS models
using direct numerical simulation (DNS) data of turbulent premixed flames in free shear flow. Fractal
characteristics which are important quantities for the combustion modeling are revealed using the DNS
data of hydrogen-air turbulent jet and V-shaped premixed flames. Static tests in the jet flame clarify that a
fractal dynamic SGS (FDSGS) combustion model which was previously proposed accurately predicts the
fractal dimension and the inner cutoff of flame surfaces, the Kolmogorov length scale and flame surface
area. Dynamic tests which perform the LES of the jet flame show the superiority of the FDSGS combustion
model to conventional models for the LES prediction of the mean temperature and reaction progress
variable fluctuations. The tests and DNS analysis also reveal that the LES predictability is improved by
using a scale self-recognition mixed (SSRM) SGS stress model and an SGS scalar flux model which
adequately estimates both gradient and counter gradient transports. By introducing a correlating equation
for the Kolmogorov length scale in the SSRM model into the FDSGS combustion model, a scale
self-recognition (SSR) SGS combustion model is proposed, and the static and dynamic tests clarify the
validity of the model. It is also shown that the LES with the SSR SGS combustion model can qualitatively
predicts distributions of mean temperature and velocity and pressure fluctuation mode in a turbulent

swirling premixed flame which has a complicated flow configuration.
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