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Abstract : The premixed combustion characteristics of the fuel mixture of carbon monoxide, hydrogen and nitrogen
(CO-H2-Ny) were studied by numerical simulations with detailed chemistry, and were compared with those of the mixture
of hydrogen and nitrogen (H2-N2), and the mixture of methane and nitrogen (CHs-N2). The compositions of the latter two
mixtures were set to have the same adiabatic flame temperatures as the CO-H>-N; flame at the stoichiometric condition.
One-dimensional flames, coflow premixed flames and conterflow premixed (twin) flames were adopted as the objects of this
study. The dependence of the burning velocity on the equivalence ratio and the pressure, and the flame structures of the one-
dimensional flames and the coflow flames were investigated in detail. In addition, the response of the maximum temperature
of counterflow flames to the injection velocity was investigated to check the effect of a flame stretch. As a result, it
was found that the absolute value of the burning velocity and the flammability limits of CO-H>-N; flames are similar to
those of H»-N, flames and much different from those of CHs-N» flames. It was also found that H, is much more actively
consumed than CO at the flame surface of the rich CO-H>-N; premixed flame, which causes a large unbalance of remaining
concentrations between CO and H; in the region beyond the flame. In the rich coflow CO-H>-N; flame, conversion from CO
to H» occurs in the region between the inner flame and the outer flame. In the counterflow premixed CO-H>-N; flame, the

thermal-diffusive unbalance occurs similarly to the H>-N flame, due to the fast diffusion of H, toward the flame surface.
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Fig.2 Theoretical model of axisymmetric counterflow premixed flames
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Fig.3 Adiabatic flame temperatures (top) and burning velocities
(bottom) at 0.1 MPa as functions of equivalence ratio.
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Fig.4 Dependence of burning velocity on pressure: (a) CHs-N> flame,
(b) H2-N> flame, and (¢) CO-H»-N> flame.
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Fig.5 Distributions of temperature and main species of CO-Hz-N2 one-
dimensional premixed flames. (a) ¢ = 0.5, (b) ¢ = 3.0.
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Fig.6. Mole consumption rate distributions of CO and H» in CO-Hz-N»
one-dimensional premixed flames. (a) ¢ = 0.5, (b) ¢ = 3.0.
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flames as functions of equivalence ratio.
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Fig.8 Distributions of (a) temperature and (b) heat release rate in
the CO-H2-N; rich coflow premixed flame (¢ = 2.0). Contour
interval of (a) is 100 K, while contours in (b) are 10, 20, 50, 100,
200, 500, 1000, 2000, 5000 J/(cm3-s).
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LCw3s, Bt b3hTidd 208, FEERIEERKE DY
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Fig.14 Distributions of (a) temperature and (b) heat release rate in
the CO-H2-N3 lean coflow premixed flame (¢ = 0.7). Contour
interval of (a) is 100 K, while contours in (b) are 10, 20, 50, 100,

200, 500, 1000, 2000 J/(cm3-s).
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Fig.15 Mole fraction distributions of (a) CO and (b) Hz in the lean
coflow premixed flame (¢ = 0.7). Contour interval is 0.01 in
each case.

500

Fig.16 Mole consumption rate distributions of (a) CO and (b) H in the
CO-H2-N: lean coflow premixed flame (¢ = 0.7). Unit is [xlO'5
mol/(cm3-s)]. Contours are 1, 2, 3,5, 7, 10, 20, 50, 100, 200 and
500.
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387

7% 1833 K T, WiBlKRIMELD 108 K i<, i3 hik
BB BEL TwB EEILNS,

22T, RIS 7R HENN A Y i o T A B 2 B L
SR B0, K18, 19, 20 IZZ #1741 CHa-Na K4,
Ha-Np K4, CO-Ho-Na KZEDIAEHRE &R DA (LB
BXOBMAEIC X 2 BIRH, MEOIEERIRO 516 (TE)
ZRT. WHETFEIZZ N F I Up=200 cm/s, 648 cm/s, 275
em/s TH 5. TD Ha-Ny KK E CO-Ho-Ny KR DG
WEKRIREE Ty DSRARMEZ & 2500, 58, SIREH
AT DIEEETRANAZ AR AL IS BT 5 20 ZF ikl
Baenrtsl bickb, By MUl Tw 3,
UL, ZOBBIORR., Ziuc k) iBENICRELE
ZENEEITH D E VI EZIHEITT VLD,

X 18 LB WTEMEEIC L 2 BWRH L MRICH 5 CHy D
IR % ik 2 &, FF 255 CHERMEAS RIS L vy
ATHD DO S, PLPIBIRHEDMIHEITR E s
ZDRIINE L, RS TH 2 IREI O & BGisiix Iz
EHELTWAEF A5, — /K 19 D& Hy OILHUR
WIFBGHER L D272 ) KRE L, HofEDmAMET 2 50 1

DEZ R LT3, 23U Hy OIEFISE WIEHOHEIC X
20T, UKD KRMHHAT 2{LFET Y FILE—

WRHT 2B YL E—Z2@BL TX 17(0b) 2R T &
INCKBIREDWHARIRILE L D LR L Tw5, K20 D
CO-Ho-No KRDEEIZBRELE LT CO & Hy DWiIEZEE Z
2EDIH 55, TS DIRHIRIE O & BGRR % i
% &, HaNy KR & FRRICHRBORIR D Ji 370 O K & %l
ZRLTED, 200K 17(c) ITRT X I ITKRIRED
WIECKRTE L D ERT 2. T 20 IZRL 72 CO &
Hy DB DI AMD LI 1:5.04 TH 55, KREA
L OmEDOTVERELMS1:2 THY, ZRUZNFThD
WRBERE 2T 72 TdH B 10171 LT 3 &, CO TR
T H, DERNICE DO TR KBEISHAL TS Z L
Bborb, %E CO OADIRHIH D RAMEITBUSEIC X

- =
- -

2000 ; ; 2000 , 2000 , .
g \ - =3 < N
Qo o }_D
Ll Ll / Tad ‘
1500} 1 1500 u 1500 1
1000} 1000} . 1000
500 L . . . 500 . .
10' 10 10° 10 %01 10? 10° 10* 10 10 10° 10*
UR (cm/s) UR (cm/s) Un (cm/s)
(a) (b ©

Fig.17 Maximum flame temperature of the counterflow premixed flames as functions of the injection velocity. (a) CH4-N> flame, (b) H2-N> flame, and
(c) CO-H2-N; flame. Equivalence ratios are 0.8, 0.6 and 0.6, respectively.
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Fig.18 Distributions of fuel concentration and temperature (top), and
the fluxes of fuel diffusion and heat conduction (bottom) of the

CHas-N2 counterflow premixed flame (¢ = 0.7) at Up =200 cm/s.

Diffusion flux of the fuel is weighted by the heat of combustion
of CHa.
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Fig.19 Distributions of fuel concentration and temperature (top), and
the fluxes of fuel diffusion and heat conduction (bottom) of the
H>-N> counterflow premixed flame (¢ = 0.5) at U, = 648 cm/s.
Diffusion flux of the fuel is weighted by the heat of combustion
of Ha.
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Fig.20 Distributions of fuel concentration and temperature (top), and
the fluxes of fuel diffusion and heat conduction (bottom) of the
CO-H2-N: counterflow premixed flame (¢ = 0.5) at Up =275
cm/s. Diffusion fluxes of CO and H» are weighted by the heat of
combustion of CO and Hp, respectively.

2 BGRHROMIHEDIRKMED 30 % TH Y, RBREAZH
DB DFBE DT CO D 2HETH 2 37 % I
WI L6, CO ITBR->TH ZIETHEE 2 I HEM R %
FIEHI LTIV RY, 2D ED5, CO-H-Ny KEIC
BUOTKRIRBEDMEKRIRIEZ KRE CBBRT201%, H
D E DO THOWILHIC K 2IRHENI A HERE TH 5 2
EIFHATH 5.

A YU EBRTHIEBLL TE SIS CO-H-Ny RAR
EBRD—RIL TG KR, FRIR T RA KRB L O
T PR KR DOFEM BB BAERT R 2 1TV, 2 ORABEE L
KRMERE, KBRMERICNT ZI0EICOVTHNL, $4%2
DKEEBGRE[RDOM K RIIENFEL kb k)i
FHA 2 BEE U7z Ho-No KRB XU CHa-Ny KK L DL %
frofz. ZDRERDUT O % 1572,

(1) CO-Hp-Ny ‘KA DRBEHE & MR 13 Hy-Ny KU
{, CHs:-No KR EWFIKEL AL L, MR EDORET
A IE Ha-Nay K28 L CHa-Ny KB DN b DTH 5,

(2) CO-Hx-Ny ZIRELE T 2 FRAKRZIIB W TIE, K
PHEA R T OREEA IR T, CO &b b Hy DJTHSER
Ic% MBS N5,
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(3) CO-Ho-N; [AliFit iR IR A KLICB W TIE, Hy ILhE
I ERTHBE S NS —T, CO IZHNKENLDILEHIICE
WTHBE XN D, £ H BAR LR DB AW ERE
WTEET 205, J4Ud CO & H0 205 Hy & COy D3R
INB EY), KEAT AT 7 NG EFEICE U BHSR)S
ELT0E70THS,. ZOBRIE CO-Hx-N, 2k E T
2R TPIRAG KR LI RERITE W TAEL 25D TH
5.

(4) CO-Ho-N [FIHIf A R AKRITE L TIE, Hy IFHIK
1y BB KR CHE S 5 —77, CO & FitdK%gk
IR S G IR WHIFCIHE S NS,

G) AR FIRAKEIIEWT, KEMEICHT 3
CO-Ho-Na KEDIEE L Ha-Ny KEDE A E K SPITED,
WSR2 & > TlE, VA AR TH 2 IEEAR
Y 12 DRI E W BV RIRE 2 KE A 5.
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