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Abstract

While lean combustion in SI engine is one of the promising methods to increase the thermal efficiency and reduce the
pollutant emissions, it causes instability of ignition and combustion due to the low burning velocity. Thus, we propose to
increase the combustion intensity by incorporating oxygen enrichment with lean combustion. The objective of present study
is to investigate the effects of oxygen enrichment on lean combustion behavior in SI engine. Premixed methane-air-oxygen
mixture was combusted in a rapid compression expansion machine with varying their concentration. Experimental conditions
were determined by identifying the conditions where the laminar burning velocity significantly changes by oxygen
enrichment with 1-D simulation of premixed combustion. Histories of pressure were measured to evaluate heat release rate.
Luminous flame was captured by a high-speed camera to observe the flame propagation. As a result, laminar burning velocity
increased with oxygen concentration, which caused reduction of combustion period and enhancement of the indicated
thermal efficiency. On the other hand, this trend was suppressed when the fuel concentration is lower than 6.85 %. In
addition, when the fuel concentration is relatively large, flame propagation speed increased with increase in oxygen
concentration, which can cause autoignition of end gas. NOx emission decreased or kept almost constant with increase in
oxygen concentration, which might be due to the shortened combustion duration.
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DR Z I BE DT D B JIF TR OV TELS ARG TE -, L - ST 4 —F
JAREIDN B ORI IRHEH I E O Z B & LT, BRELEZHEA LZOMEIZONTHE L TS (1985,
1986, 1990) . 1% & 1 ZlASE EALIZ K o TR HIRFEHE MR S 415 L FRIRFIS, BRSRIRE DS BV AT ERR L
WD 5 2 L AHE LTS, F£72, Herchel HI3EFEEILE EGR ZHlAE O TEGhEOH K L ERMEL
Wyl & RIRFIC BT 2 AIREMEIC DWW TIRE L (1997), EBIZELIE=2—F Ry N U —7 Z RV TEHR
FARRAS = > O VRIS KT T RO TRIZ AT D (2000). BAEEALIZINZ T, AKFBRINC X 2 REEIEET
ER LR SN TS (Shrestha et al, 2000)

— T, EELD KIS KR ~DHE & FDRBIZHONTHE L FARSN TV D, MIHORFZE L LTI,
Quader VW KIEFIRIEE 21-30% T S, BERIREHRICHEOWARIRRAKSED D U, EREBeWH BT
HDOHIR ST, FEMREERANIERT S Z L 2SN LTWS (1978). F77, 188 O ITAMREEY 2 DIF&AN
TGFE 7200 - AR COPEMEANNZ BV L LTI E(LOMR A MRFEL, WP OBFEELIC L0 R
DHEFRINENE L, RRRALKZOPH AR SN D Z 2R LTS (1994, 1998). Caton X AAESUKIERIDOEE
FEILDODEETA 7 NVFREICEI VB LNZ LTS (2005). FOWEICLD L, BRFBERREZ 21%0°5
25%\TEIIN S W 7-lE, VU U ANOED] - BT KT 25— 5T, BREEREN EH3 25 2 & TEHRIANRRE
0, BSFC X 1% KT D EHE L TWD. F72, Seers HIdnf{b—m v TR E LR 2 525 L, B
TREEHE KI5 ) RO 2L - RBE O REHE L & 2l X B RURERIE O R 235 LT\ 5 (2013).
ZD XD 7R EANIC X DIBEHE O RITRK T I LRFBRIMZ L > TR TE 2 2 &0, HoIIER
k& LR FBIINT K » CERRSLMEABRERRETHH Z L 2R LTS, 2D XL )i, BEEIICE DKL
FUKHEBE D HESURRE OB L OV BRI RIC DWW TS B SN TEX = b 00, F RSz
LEEFEACRF O L U U HRHER X OBEREENC DD CORLITIRE SN TV 5. BEEEIIC X DREEIE R
T TEIREE 2 & OB FICR W THRICBEE T2 5 L TSNS,

Z 2T, ARFZEITR KL S BB O FEIRBESIT I BT DF BT L D= v O R JOYRBERAE 2 1A &
MITHZEEENET D, FERREEE L CadEMREEE (RCEM) W, Ml RS A ¥ v/ B E %t
Gi& L. TIRAKFEESERE  BREHREICOWCOIREFLOEN R bIE L 2 6 5&60%, 1| oL TiREG
TG A BUEF T 5 2 & T®IE Lz, RBESENAIIICRRE S B o CRINE ZJE Lz, R
BEE R OBIERRA N L CEIED A T2 &> T ORBERE 2 e LT, FEIERED b ITEGE A RO E)
FEREH L. 61, BB OYER T A 2 HE LT NOx/02 HHTEHI L D NOx JREE A FHAI L 7-.

2. REBEE

AWFZETITABEERRIC RCEM ZE ] L7z, A8 T L7- RCEM 13RS (2014) TEH L7 0 & [FA

THY, ZZTHEOMIZICHOWT OIS, RCEM TR 7 80 mm, A hr—2 280 mm DE A b —27 Bk
BELEETH Y, JEMEHIT 15 TH D, E7-BEEEZ 200 rpm (ZEE L, (KA RRFOBREEHZ F20 L7-. RGeS
HIZIE7 77X v >~ 7 09mm Dk ~7 7 7 (DENSO, IRIDIUM POWER FC16HR19) 73435 ST 5. BREE
F FIIITART 7 AROBEEENRE SN TEY, BEOKFFHNARETH D, BEEOKTIXEED A F
(Vision Research, Phantom V7.3, 3000 fps) T L7=. @i H A 71Zid~ 2 1 L > X (Nikon, Ai Micro Nikkor, f105
mm, F2.8) 2HY 1T BT D, BREEIE ORI 256 X256 TH VY, PCITHRESND. BIEEBIOU
—N\Z YT T N — b — 2 =B X OH T AT — VB AR X AT STl Y, IEREERR (T XU,
TIA-550P) (T & - CEEMIRE ALEICRE R TH H. BEENOENITE W (Kistler, 6052C) 124X -
T L7z, EHERIET v — 7 7 (Kistler, 5011) 3 LTV A/D Z#125  (National Instruments, PCI-6132) %41
LC PC TV IAATE. BUSG LT E /I 2 A AT OB AR L O RBGhR2EH Lz, By 727
Y70 OBFEAERITN()TERIND.

dq_ 1 ,dp x dv (1)
d0 k-1 d0 x—1"4dp
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7272 LQITFRENG:, )l ZLLELL, VIZIAHE, pldE1TH D, BVRASREH DR, v—/ 27 ¢ LZ (25 Y 1000kHz
VOB ER RS 2R L, 39 SmEOBEN T EIRDS Z L T/ A AeRELE. £, BURMEEII PV RS
PAHIRRNZ BRI 2 2 & CrMii L7z, INA T, BEEMEIIZPET A7) o THOT % v F A M H
BEINTEY, BRERERE, ZOTHvFAL 2N LT T TRy TNICHET A ERE LT, & A
% NOx/O2 s3#rat (B, NOA-7000) (2K THMTT 2 Z & T, HEH AH @ NOx JREZFHHI L7=. NOx/O2 4
Brt o ERR S TR 4000 ppm T+0.5 % Tdh 5.

EBRFIHILLTO®EY THDH. 7, YU Z V= RE IOV T BT - E FEENE B X
5. FD%, BEHE LI TIRAGY V70D FRERERET 5. IRAEKKHBIZOWTIIRICIR S, FaiFE,
BENE—X—IZXVE—X ) 7RG L, HEREEICEET S £ CrET 5. BUERIRMEER, TR
(BDC, Bottom Dead Center) WFiZ/ L7 %FAL, L3S (TDC, Top Dead Center) fiTiZiV\TaikT 5. 2
THIET, M- ek R & W D JAERKERAD 1 A 7V TRARET 52 L2 ries Lz

3. WERRE, REREH

BEIGGRA7Z50 Y, BRI R A MR T DS & U CRRENIRIAZET 5528, BRI 2 2245+ 5 ZhdIR
DO—DNIEIIREEERE TH 5. AW CIIFERSLM 2 RET D, H 50 U 2 5B HEIZ L - T
KB ET, BEEMICLDRBEEENHEGE TX DR 2K ST, RKETIEZ OBAEF R OLKMR L OH R
DNTIRDB

3-1 FEEH

CHEMKIN-PRO # T | kot THRATETABERE AR Uiz, BRBHRIEIIA 2 v /225K (BF 79 %, MR
21 %) IRARE Y& 04205 09 £TO0.1 ZNATECSHIRFORESFELE LTHRE L. 2O L) IIK5%EL
(20 UCHE L7ZBREHE IS8 LT, B0 OMEB LOEZOEREO R SED 2L T, BEELORREE
RREE L7, BB BROT-IRTEY R0 9 B 21, 30, 40, 50, 60, 70, 80, 90, 100 %% esns, 7V 242N .5
DDHEIBSE, HESRMER1VIORT. £ 1 TOREITETERIESERTH Y, AWFE CIIRRRIR IR
ZBRONEIRARTICBI AR RER T 15, . KIGET/LE LT GRI-Mech3.0 (55 {b24F#,344 FERE
X) ZHW-. JESE LTERE LT= 243 MPa 12 RCEM @ BDC TRAJEZER % FEHA I EHME S 7-ROES TH
5. ZOFENERBEREFEZ AV CIRRE SRR DR U BREEENIREE 2 KR T AIRE & LT,

Table 1 Calculation conditions.

Equivalence ratio (O2: 21 %) 0.4 0.5 0.6 0.7 0.8 0.9
Fuel concentration [vol. %] 4.03 4.99 592 6.85 7.75 8.63
02 concentration (w/o fuel) [vol. %] 21, 30, 40, 50, 60, 70, 80, 90, 100
Pressure [MPa] 243
Initial temperature [K] 475
3-2 FIEHER

BIREL - BRSBRIRFE IRV CHEN L7 BIitEas e 2 X 1 12T, 2 TOBREHEEIZOWT, JEHtBREEE 1 I5E
FIEDOPERIZH L T E— 7 lA R LTz, £72, ZOROBEEREE ISR 40-50%77 > 2. ABFZECIabES
{LIZ L DRBEIEENBIER SN DKM R E L TN D720, BRFRIEE DI U Tk EEEE OB K2 8152
ENTz, BEFEIEME 21-50 % CTEREZFEMTL L & Lz, £/, K1 0OBREHEREN/ NS 2513 CREELD
WHENNE LTI D 2 ERG0D . BRI, REHREE 5.92 % ClIEUTABEE L OHERKIZ 10 %L, 4.99 %35 L 1V4.03 %
TIES WEATIZE EEofe. LEER-T, ERtl AMRICEBEELICE 2R EWALNITHZEEZHME LT,
REHIRFE 1T 5.92 %L) EOSRMECHEBRA T+ 52 & & L.
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Fig. 1 Laminar burning velocity of methane-air-oxygen mixture with various concentration. As a reference, for example, when
the fuel concentration is 8.63 %, the oxygen concentration including fuel corresponds to 19.2,27.4, 36.5, 45.7, 54.8,
64.0,73.1, 82.2, and 91.4 % respectively. The effect of oxygen concentration on laminar burning velocity was clearly
observed when the fuel concentration exceeded 59.2 %.

3:3 REREH

L EOFAEF I L D RRGED H3RTE U7 S8R G2 5 2 127”7 RCEM NOBRBERFME - PERURFMEIC I TRERR B
SOBREIRE DRI HT, MUK S T KRS REEL B IIET. BIRREEEE KX < 22 5 R Class kB o
AN TRINDGD, AFRITBEECOFEBGEZMET LI L 2R e T H2D, BTN U TR
AL ST, ik ZRA T2 2 L TRAICEDRBLZRW-. Thbb, &L, 2.5deg 770
AL SN BEURMEERRK L 72 5 Uk 2R, e fai sk ] (MBT) LEFR L. 7, &&04F
O MBT (28T 10 [B|OBRGEFER 2 FiE L 7-.

Table2 Experimental conditions.

Fuel concentration [vol. %] 5.92 6.85 7.75 8.63
02 concentration (w/o fuel) [vol. %] 21, 30, 40, 50
Ignition timing [deg. ATDC] MBT
Mixture temperature [K] 363

4. ZBRERELUER

4.1 BEEEMCRREBSEDEL

WIT, BEstRZ IR L& THEBREEm L7z, £7°, BEBELLODIENINETEZIHESATND
PREEIR « BRI OWTRA L7, X2 IS8R - IRERRESIZI T 5 MBT, BRBEHIR], BUREVHS A HfEqtH
I X DB DR AR & & b T. BRI () 2B L CkED, 27707 T IVET
DI B IRORBEEEIZX T 528G (EERBERIA, MBF) ZHEICEHHE L. T72bb, BREENE
(272> THx5 MBF 23 0.8 (27T 25 £ COREA ZRBEAM & B L7z, MBT I OWCIEEERIRE N KT 512D
NWCRALT 2B AL, 72720, ZOMEAITREHREIZ X > TR D, BRERED 6.85%LL F Ttk
FALIC L DIBAEIT 2.5 deg 721 THDHDIZHKI L, 7.75 %LA ETiE 10deg AL EMAIL L7-. BRBEIRIZBESRIRIE D
BRI Uz, ZAUIBRECIC X 5 EIEEEE DR R TFE L CnD LB 2 bivd. LavL, BEHE
£ 6.85 %Lh B THERIRIE 40 %35 LUV 50 %Shl2dsT HIRBEI 2 bl 35 &, EIRBER L X S 1T 82k LT
WRUWZH 23 5, BREEIRIIEED L TR Y, 202 LITREEIR 2N I B EE R E ORI 2> TR S
T, B EEOMOBERIZE > THAEAIND Z EZRB LTINS, £, REHREED 5.92 %R IZREEH
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IEFREIRE SR LT h RE R BIER SN o720, ZHUTEIRIREEHRE N Lo 72 2 & MR &
EZ oD, RURBGhERIL, AEHEEE 7.55 %<& 8.63 % CIXMAFRIRE ORI HEEM L7Z. iUt LT~z &
T, BREEMI ORMEN ERJRR & B2 HivD . FHIHBRERREEIZ DU TREFRIREEDS 20 705 30 %llZ b L7z &
X, BRI RE DT 5 & & BT, BREGNERSG K& KT AHERAPHEE SNz, —FH T, BEHRE
6.85 % CIFIEFRIRE DN Y 5 BUREGhEOEIMABIEE SN T2 b DD, FERIRE 20 %05 30 %2 T T, A
BN LT D2 bbb, BURBGIER G Lz, ZAUIMBT % 2.5 deg fHICHHEI L7272 T, &
DI MBT Zilfld2 2 & CUESND EEXLND. T2, BEHRE 592 % CIIERRIREIC X 5 KR
FOIAGTBEINT, ZOZEENIRGELIM-CRITRBERE N K E <L LW & kST 5. BLEORER)
b, AZ 2/ REKIRERO S ELD 1 LLTIT/R DBHREE TIE, BREHREEAN R & U & E 3R O, S
MBT DE 1L, BB OEHE LI K OBURBGISROE RN RO D Z E R b E o7z, —J5T, BRED
HIZ D & ZOfAIIHE S NS Z E b b E Ao,

30 . : ; 40
w
| Sy i 4 & |Fuel concentration
201 s S, [~——863%—*—7.75%
I S S——— —-20 2= |—*—685%—*—592%
— 10} D i % 9
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< — — =11}
= . 0 g
(as] _,-f--"""—' i E
Z-10F ,_...._-,-::Zi:“”___f =
' N 420 g
201 -2
-— . ¢ d T <
1 | 1 1 ._10 =
300 20 30 40 50 60
Oxygen concentration (w/o fuel) [vol.%]
0.31 : — : 40
" s "ob
Z 03 g0
5 S 120 =
— —_— R —
= 0.29+ B S — 8
et =
S 0.28f 40 £
2 g
% 0.27+ E
g 120 £
§ 0.26+ 8
0.25 i | l ! 40
10 20 30 40 50 60

Oxygen concentration (w/o fuel) [vol.%]

Fig.2 Laminar burning velocities, MBT (upper), combustion durations and indicated thermal efficiencies of
methane-air-oxygen mixture. When the fuel concentration exceeded 7.75 %, MBT was retarded, combustion duration
was reduced, and indicated thermal efficiency increased with increase in the oxygen concentration. However, this trend
was mitigated when the fuel concentration was less than 6.85 %.

4-2 EHEERLBREEICERLEE

W, ENERE, B4 RBEEZ I FRL CHER SN BN OW T LTz, X 3 ISR ToER THEIG
L7z EBIER L ORI A R E 7~ . IERRE ORI MBT 2EAT 5 Z LIFBEETH 523, Zhloxt
IELTENBIOBGEARDYLL EN Y BAL L TWD. E7-, BREEEORNNIEOETE AR e — 7 133
KLU, 2T 20, BERRENMRWEEZOMAIT/NS <720, BREHRE 592 % ClXiZiEmslshiz. Znbd
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DI END, BEHREMERNEF T, EHBREMAREZCOZELZZTIISWEB LN, K 12 OBk
IRBERRE & REHIR S, WRFRIRIZORRZ R LICEHRAER LRk E e o 7e.
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Fig.3 Time histories of pressure and heat release rate of methane-air-oxygen mixture. Increasing rates of pressure
and HRR at ignition increased with increase in oxygen concentration. However, this trend was mitigated
with increase in fuel concentration.

4-3 BRREHEHSRI-BRELOTE

WA, BRBEZEEN O AT LR E 295 Z & T, BRsBIRE ORI © PRBEZ B~ D R 2 PRI A L7z,
412, BEELONFI e b B ITHE SIUTIREHEE 8.63 %2331 5 1.6 deg B DIREEREIR &/~ 3. B E /A
0)@1@ WK T IRRESITERY, R S & HITHSARETE L TO DGR S Nd. 22T,
BIRBHREIZ T HARICHEREZ R L, AREHFEEICB LETREROPEBLIR 12D, RkTI7 7%
D MR D5 . A & SHR57 D 20 %ds LN 80 %L A K IR 23 @i T~ 2 SRR E 2 K RARREEE L EE L, B
WLz 72120, B0 X 51s, KREFEPICTy R AOBEEKPEE LEGAITAEANRET HHEAMET
D] @z) DEM L. Fo, AREREEEITASM 10 [F1OEEROFEECRHME L T\ 5

SIZHFEBRENT COVEIRRAGTERE OFRERZ /7. X5 KV IREHRIEE 7.75 %uLT VRERIR EE LT

kéﬂﬂ%@gmﬁjﬁéﬁm DEIEE STz, F£7o, BEHRE 6.85 % LAT CTIXEERIRE DI L 5 KREREH
EOEITR N2 o7z, K1 THRINIZL DI, REHEEE 6.85 %Ll ECITMEIRE DL L & IT/Fitk
PEHEED 10 %Lh EIERKT D23, 592 %LA T TIX 10 %A TOMKIZE E 722 L #BET 5 &, B TESIE Ol
SR DPERIZ L D KRAGTRHRE DB R ORI 1= DL, JEFREEEE DL RRER ThH o122 L &
2.
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Fig.4 Luminous flame images of methane-air-oxygen mixture. Red circle represents the location where the end-gas began to
ignite. The flame propagated from the left side where the spark plug was mounted on the wall.
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Fig.5 Averaged flame propagation rates of methane-air-oxygen mixtures. Averaged flame propagation speeds increased with
increase in the oxygen concentration. However, when the fuel concentration was 5.92 %, no effect of oxygen
concentration on averaged flame propagation rate was observed.

F7o, K4 OFPITREND KD ITHEFRIEE 40 %L ETlEmy R ADHE K E RONDRNENBERSN,
DA KB G ERTEILE 40 %LV H 50 % THEALL TWD ZENHEREND. ZORENTY RHADHB KT
bHH T L BMRT DO, (X6 ITERFHEIEEE 40 %38 L TN 50 % A 5 k3 AR OBBERI % & 1 kHz LA EoEE
WEHDBEZ RS, M6 X0, BEEgENOT FH A HETORIEHHERBINHEL TE 5720, Fﬁ(ﬁz
Db HBEKNEELTND Z EXDND. £z, BERIRE 40 %& X TRRERE 50 % T, BEKXIZ
JENEBORARNEAL L. 2RO Z &N, MBEBEREORMNT Y R AD A KEEY % ‘éﬁa{téﬁ
TboLEBEZLND.
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Fig. 6 Time histories of pressure above 1000 Hz and flame images of methane-air-oxygen mixtures. Pressure fluctuations were

observed when the end-gas was ignited. Autoignition of end-gas was accelerated when the oxygen concentration was
50 %.

X2 76, ABFFESAEIZIBUWTREHEEEN 7.75 B LN 8.63% DL, BARIEEE DK & & b ITRBELIR AN i
L, EUREVHENM LT D2 ERfEND L. — 5T, BRERIEEZ 40 %05 50 %Il Z{L S8 ThH, JBItkEE
IR E BT, DXICHEE BT X 2 JBIRBEEE O KO HZNRFEIM OEMEICER L2 b0 L1135

ZAZL W, — T, BRFRIRE 40 %EB LS50 %O Tldmy RAADHFSKNELTEY, TR L
LOLEZOND. ZOZ L ERGEET D720, &5 TORGEMARIC B CERBREED B 45 K G 2 i L7-.
F 3 EE LM AR, By —/L & LT CHEMKIN-PRO OF RS ETIRAFIGZRET NV EMEH L. 0%
TIVIERR, BRREGEMNE LR 0 WITKGET LV TH D, s A B =K LIIEFREEEE FHHER & FIERIC
GRI-Mech3.0 ZfEH L7z, BABHREEIZ 8.63 % & L, BARIREEA 21 %, 30 %, 40 %, 50 %& L7=. #IHIE )13
BEFZBR T H B KOS SNTZBEORBMLRBERNIES & LTRY, ZOENE, BEBREEEIG S EERIREN
SERIEE LT EAE U CHRE LTBEEN ORE XS Z VT, REEHFEA L Y B & KEEORFREEREN
BEZREH L CGHEOWINEE & L.

B 7 ICFHRERZRT. EHRELZ L LIBRIREZEASE D Z LT, TRARKDOBEEXKINEE S Z
EMFHR L VRS, RRT, BREIRFE 40 % & 50 %D BE KO EZMRT 5 L, FEBR TN 2ms, £
BRfERCIIZ 70 7 T2 deg. Tho7-. AHFFETIE RCEM DOE#EELIE 200 rpm & LTV 5728, 2 deg 3
1.7 ms IZFEY L TRV, EEAICHERRIEE O KIC X 2 s kBN OEMEORNE & PRI OERE O RN —E
LTCWb., — 5T, BBRBEZ 30%0 L<IE21 %E T 25 & mUkiBIUE 40 %R HE~T3.5ms, 9ms £< 72573,
CIFETRELRD L R AOEBEKRPBAET DRNKRATHNAEEE CIRIET 5720, = RTADHEK
RSN, LIRS T, BEFREE 21 %505 30 %270 TOMRBEBIRI ORI B 5 KO R L0 i
L AERRBEEREE DM RIZ L > THIATEX A 2 L 2R LTV A,

L EOBRBESRNEFEIE 0 ROt BB KEED D, BEEMICE > CARBREEEPHRT L2 LB 0=
RHTADBAEKDBFEL, ZORZNEALT S Z LRS-,

Table 3 Calculation conditions of 0-D ignition simulation.

Fuel concentration [vol. %] 8.63
02 concentration (w/o fuel) [vol. %] 21 30 40 50
Initial pressure [MPa] 4.0
Unburned gas temperature [K] 1000
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Fig. 7 Time histories of temperature of end-gas of methane-air-oxygen mixtures. Ignition delay became short with increase in
the oxygen concentration.

4 -4 NOx £ERE L BRIEEDBER
MRS AT X D IRBETRE O R AHER SN D — T, NOx ERDIEEN RSN TE . F2T, Mk
BERFDRFRELD NOX AU RIFTHELRAE L (X 8). MRREOEMIZL KR EENETHZ L%
ERE L, EBRICHH SN2 NOx BEHHEA MURMEETHR LAl Z R LT 5. JefTifgE Tl Ekic & » Tk&
BENERKT L ECED, =</ NOx PMHEKRT 2 Z ERMEINTND (BRAM, 1994). LnL7ens,
AFFFETITIREHREE 6.85 %LA | CIIFEFHRIRE OB W NOx JEH &N T2 —5C, REHRE 592 % Tk
FEAEEIERRALNRNE W FERNE SN, Z 2T, VKRR IS LI TR OB L TE L.
TR TR DBV RIBE 273, KO IWREND X 91T, BREREREIZIG U CHBVK RIEE I LT 5
HLOD, FEFEEEICH L TUIEE A EEBEEZ T RN ENDND. Lizhi-> T, X8 TEREHERE 6.85 %LL EiZ
BN TEERIE OBINIAE S NOx JEH OB ML SR RIS B OB L D b 0 LB 2 bs . B
HOWFFETIEL, NOx OHEHEIE, BRI L T AR, @RS COEMRICERLZIT 5 LRESN TS
(1977) AMFFE TIIREFRIRE DO FERAT AL RBERIRT 2N S V7 REHREE 6.85 %Lk B CIFEAIEE247- 1 @ NOx
PEHEDME T L, BRI OZ(EDRERTE o TR EHEEE 5.92 % TIE NOx JEHE B I & A EB kA Lizoie
EEZLND.

Fuel concentration
T—*—8.63%
——T775%
—— (.85 %
J—*—592%

[
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. 1 . 1 ) | . 1 \
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NOx concentration per indicated work [ppm/J]
(%]

Fig. 8 Concentrations of NOx emission per indicated work of methane-air-oxygen mixture. When the fuel concentration
exceeded 6.85 %, the NOx concentration decreased with increase in oxygen concentration. However, when the fuel
concentration was 5.92 %, it did not significantly change.

[DOI: 10.1299/transjsme.21-00168] © 2021 The Japan Society of Mechanical Engineers n



Harada, Ando, Ito, Kawasoe, Hashimoto and Moriue, Transactions of the JSME (in Japanese), Vol.87, N0.900 (2021)

3000 r T : T T T r T
v ——592%
> ——6.85%
= ——775%
g 1l=*—8.63%
2 — . .
5 *— e - *
o 20001 ° . —
g . ! 8 * —e
=
2
=
=]
=
=
< | | 1 |
100(50 20 30 40 50 60

Oxygen Concentration (w/o fuel) [vol. %]

Fig. 9 Adiabatic flame temperature of methane-air-oxygen mixture. The adiabatic flame temperature keeps almost constant
regardless of the oxygen concentration.

5 #&

KGR KIEBIN I D ATERBE KT 2R ELOMREISNCTH 2 L2 HIYE LT, RCEM % U e A
A BRTIRAERDKICRKERZ FEN L. ETOE N ZE )t CTEIG L, BUsER, RUREhEL
P L7-. Fe, BEAATICE o THREEIRE L, BEEICE D ARMEEEHOBIZEFERK L. LLITO
AL AT

- BITRBEERIE IR ORI L T E— 27 27T, Loy LS HIREHEFE AV B IR SRR 2 b ks &
ETREI NS RS,

- FRFRIRFE ORISR, BRBEHARNI AL L, BURBIRITIERT 5. UL, BREHREMEVKRHIZ DL )
PRZEEN TN S .

- B EE DS LR & ORE, BESRIREE O RICHE, K RAEREEE IR T 5. THUTBITIREEERE DK
RS EEZLND.

- RELERIRARDY B 1 TEWATERSROBEHREDO N C, MEREZERKIEH LD RTAD
HEAKDBIZINDS. $, BERENSEHWIZEBBEKIIED T TORZANEL 725,

- BRBE S ZEKIRA RO Y B 1 ITLWATEIRASXOBENRE D T C, MRREZHAIED & HAfEEY -
DO NOx PEHEIIE T3 5. —JF, BEHEEZ S DICHHIZT 2 LIREEIRNIIZ(EE 3, NOx HEHHEBLIZEA
EEE L7,
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