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Investigation on Interference Mechanisms on Turbulent Lean Flame and Walls
during Charge Compression Ignition Process
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To resolve environmental issues, it is expected that high-efficiency and
low-emission combustion technology of homogeneous-charge compression ignition will be achieved. The
objectives in this study is to reveal characteristics of auto-ignited turbulent combustion during
compression and expansion processes and to investigate interference mechanisms on turbulent lean
flame and walls. We have optimized direct-numerical-simulation (DNS) codes of turbulent combustion
to a GPU cloud computer (a supercomputer with GPUs) and conducted DNS of auto-ignited turbulent
combustion during compression and expansion processes to reveal interference mechanisms on turbulent

lean flame and walls.
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BB« TRV —RBEOMIIRO—> L LT, JEMHEKELTREED @ 2hE - KRBT AR
ek L UG SR TS, HCCIZ > P W H D ZOBBEFIE T E S MO FEET S
3, BAEKITHED PR NE N IRTHIE O R S22 5 ZAICE > TWhu. 2ok, BE
KHENZRE T 2HFTE R E < AT TE o, BREERRNIE VIR 2 M6l 2 72912, M TRA R
ICY B EEORELE A 5 2, BB AERE MG 2 FIESHEIN TS, ZRET
DOIFFED% L Tl, YR - BEL#Z 52 28545 b TIRAKD B A KEENBREERIEIC B )
THERKREZR-TEEZONTE . LL, IEREES I DU NARE L& E
KT TO RITTERE N A B K ELFUREE O B EAEF FL(DNS) 24T\, A TiRASICH
WK X Rl EE B & 5 2 1256, %200 O HE KD D K RDMBIET 2 Z & 2oL
S DITBRAL AR FE DI L WV O KRIBHBEOAE 2R THatE 2 AV, BAEK, KRB, KK
FAVARIEREIZ 0 HET 2 FIEEFICiRE (K1), BEXKEBIIAFEROENS%RETH Y,
KRARTETERE N BRI D e ] TH % H D D Z & %W 572 L 7=(Fukushima et al., Proc. Combust.
Inst.,, 2015) . Z D72, BEKIZT TRL, KREHEEZ 0L O AR 72 BLFEH
VETHDH. S5, HEKEILITRBEIZET 21EROMES L 1XR eV, BREESREE T L7 11X
HKRDEREE L, £ OREHE & DTN RFTHERIZ X 5 RRY OHEH-CREF YR K72 &
RBEARTERBIC R E B2 525 (M2) Z %P 52 L7 (Katayama et al, Proc. 8th
ASME-JSME Therm. Eng. Conf,, 2011) . 3725, @Eh3# - (KB AN 72 EHE B & K ELITABE
ZEBT DI, BEKRETFECNZ, FEAR EBEROTEIEOMIA N LERA R Th
L. FOTOIIE, BERFELZEE L, BB E & B O R i SUS ORFEE B &
NCTORNERDD.
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Fig. 1 Distributions of fluid particles classified in the three combustion regimes; Tiir = 60 K (left), 90 K
(middle), 120 K (right).
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Fig. 2 Near-wall distributions of temperature (a), mole fraction of CHs (b) and CO (c) and heat flux on
the wall (d).
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% £ 9 ICREIME A SO TG D 2 < OALFREOH IS0 % 1 SO SHERE 2 B BIAYIZHLY 1A
Ir, B L7-DNST' 0 7T LT A7 03U A AZB3E L CE 7. [FiE B 5 ELTpREE
M R OV TS & BETRT OO TV RE 2 Bl 22T 2 720101, BB REE AL (L 5 F2 R BRBESEN
BLUTERBEDNS D AT D728, BEFRGACmIGE 7 « V2 — %5 % BRER A5 S 5 AR R 12—
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HeDRFBI RN, FEEoHE L2 ZRBICAILTZDNS 1 75 LD, GPUYZ T 7 R~
O b3 RD 5L TN 5.

SE 3

+ N. Fukushima, M. Katayama, Y. Naka, T. Oobayashi, M. Shimura, Y. Nada, M. Tanahashi and T.
Miyauchi, “Combustion Regime Classification of HCCI/PCCI Combustion using Lagrangian Fluid
Particle Tracking”, Proceedings of the Combustion Institute, Vol. 35 (3), pp. 3009-3017 (2015).
M. Katayama, N. Fukushima, M. Shimura, M. Tanahashi and T Miyauchi, “DNS on Autoignition
and Flame Propagation of Inhomogeneous Methane—Air Mixtures in a Closed Vessel,” Proc. 8th
ASME-JSME Thermal Engineering Joint Conference, pn. AITEC2011-44476, 9 pp., 2011.

2. MHEOHR

T2 CAMRTIE, BENFIEEZEE L, GPU ###l L7227 v A — R—ar o —
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AHFFERRRETIE, a0 TikZ vy, GPU 7 77 R(GPU 2## L7-7 U » RHIA—/—2
UV o — )il S AT ELIRIRGE D BB R R(DNS) 21TV, ER AN K OVEAE - 18
R A £E O ELIEH T O B & KELTRABEAE & BE My 55 L S 4 D Al K 28 & BE i 0 Tk
EHLMNIT 5.

F7, BENEEREE AL O EHRBERSNELIRASE DNS OEITO 720, BERSLMCmEE 7 1 v
A — 5 BRERHCE FOE O AR R I — AL L2 R A — A 28T 5. 2070z, BEhsE
REBELFERGEMCHEA P RE L T 2720, —REBEREZEAT L L & bIT, ERREETIZRIT D
o RS EE 22 T B Lo B K S 7 ¢ /L Z — (Lele, J. Comp. Phys., 1992) A HEaE9IC —i%(k L, 555
BIERERICT D E ks 2L m G E 7 A VA — T O E AT — LR L. &5
2, BRICB T AN LTHRIENKS ZRET H7-OICHV B2 Navier-Stokes  characteristic
boundary condition (NSCBC) (Poinsot & Lele, J. Comp. Phys. (1992)%5) % % it it 5 A % ~EHGR 1
IZ— AL Z AT o7, THHDAF—LEZEAL, GPU 7 7 U R~fgifb S A7z ELIEARE O 1 52
BAHFFL(DNS) = — R& BT L7z,

S BT, PRBHMEAMEAZ B BT 5121, Bk 2SS 2 B BhA0IC B Y #ide 720 Tidie
<, Btttz ZRT 50 ENHD. 2T, R bS5 E 2 A A T2
DNS =t — FOBiFEZAT > 2. RpTHai b b 7O 2 A A T2 a— R%&, GPU 7 F ¥
R~Iciifb U, SLITEAEE O EHEEERF FL(DNS) DT 72 5 i Ak & 2k L 7.
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BUTCTT—Z_N—2ARAEINTWAEKE - ELXOFRAKIC L 2 FEELR kK 2R tH L Lz,
Z DGR, BI%E U7 SLITRIREE D E B A H L (DNS) = — RITEFHFRSE 72 K ICRIE 2 <, & D DNS
FERNZYTHD Z LR ENT.

WIZ, TR b g & B A - TSR D IR R AT 2 B B AV AR - i
ARAMFR & 1 O ELITEH OJEME B 25 K OB A 217V, HCCI = Y DB A kA fidE L
T- R EhBEREE A 1 5 IRBERR (ZB W CERE « IZRIRFRE 2 £F 0 R —TIRAEKDAE K « KREHE
AL MCT D, £7°, FHRE RS2 5 - EREE > “RooElit R oIEMF R Ak E L,
BREESIIRIT R IR (Tkot) & L, JEME - BRI B H K~ G 2 2 BB EZ I L)
L7z, ZORER, T - WERROFEY, +hbbzr Yo oblint, REERE-CRENO PR
FEIRFIEIZH D b 00, [EMERRRICE VT, RIS T 2 R4 O A ITEE E > T
HTEPHBMNE T2, ZORERND, JEME - IR, FRIEMRRRIZI T DREEIIX
I B REIC AN BEXKOBEESEHAEZIT S BEEENRIN. £2, TRETIKTbIT
E T ERF N H & KELTTREE O EEEF R ICB W TE, IR HOREICHyRERE T
LIYMENRHDZ ENRHALINE o T.
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BRI, RPFTRcE b L ROOHEE & BUPEAE - B R B OISR 2 B B I AT T
i - RZARIRAR 2 F O = WRTELITE T OJEME A B K OBEEEMEHFE 21TV, HCCI => 2> DB A
b e U - RS EhBE EE & 0F 5 RBERR IC B W CEME « IRIBRE 2 1L 5 R —TRAEKDBEE
Koo KRAGTEHERE 2 50029 5. BREERIRIZM AR L U, EfE - BRERES B & K REE~
B2 B8P ONNCT D 2 2R AT, BT, EHE - BIREFRICAE O LR LSOE S
EEOFBIZEH TS, S5, BRI LR RTE R -CREM AL, R LY
DRI RER S D kA & BB ENEE FUBE O T-H RS ~ DBEIR OB A L X 5 LAFge 2 7=,

L%, TDOEEEFFNS)FERICMAZ T, EHE - R Z 0L > = RITELTEF O E
5 H 75 KD DNS % X B IZHED TWE MBFEA R &2 5 ToEfE B 25 K SLITIAERAE K& OV k2% &
BETH O T-VHSE O BREVE K& OBE A K F0E 2 R DI GBI L, R O PEHIORE
R 7 & DIRBESHERE ~G- 2 DB A M LT . ARFFERRBEIC X D BFZE R,
ZTDEHERDLLEDTHD.
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