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Abstract: Nitric oxide (NO,) formation characteristics in non-premixed diffusion flames of methane fuels have been
investigated experimentally and numerically by adding 10% ammonia to the fuel stream, according to the variation of
the oxygen ratio in the oxidizer with oxygen/carbon dioxide and oxygen/nitrogen mixtures. In an experiment of coflow
jet flames, in the case of an oxidizer with oxygen/carbon dioxide, the NO4 emission increased slightly as the oxygen
ratio increased. On the other hand, in case of an oxygen/nitrogen oxidizer, the NO, emission was the maximum at an
oxygen ratio of 0.7, and it exhibited non-monotonic behavior according to the oxygen ratio. Consequently, the NOy
emission in the condition of oxyfuel combustion was overestimated as compared to that in the condition of
conventional air combustion. To elucidate the characteristics of NO formation for various oxidizer compositions, 1D
and 2D numerical simulations have been conducted by adopting one kinetic mechanism. The result of 2D simulation
for an oxidizer with oxygen/nitrogen well predicted the trend of experimentally measured NO, emissions.
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Fig. 1 Results of Experiment and 2-D CFD for T, and
NOx,out at RNH3 =0.11in 02/C02 oxidizer
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Fig. 2 Predicted contours of flame temperature and NO, mole fraction for non-premixed diffusion flames of Ryg; = 0.1
in O,/CO, oxidizer for various oxygen compositions of Roc = 0.3 (a), 0.6 (b), and 0.9 (c)
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Fig. 3 Computational results of Ty.x and Xnomax for 2-D
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oxidizer
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Fig. 4 Reaction rate analysis on the maximum point of
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Fig. 5 Results of Experiment and 2-D CFD for T, and
NOx out at Ryuz = 0.0 and 0.1 in O,/N; oxidizer
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Fig. 6 Predicted contours of flame temperature and NO, mole fraction for non-premixed diffusion flames of Ryg; = 0.1
in O,/N, oxidizer for various oxygen compositions of Ron = 0.3 (a), 0.6 (b), and 1.0 (c)
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(f) {Rons Rupiz) = (0.9, 0.1)

Fig. 8 Reaction rate analysis on the maximum point of NO formation for 2-D CFD and 1-D OPPDIF in Oy/N, oxidizer
of (Ron, Rnm3) = (0.3, 0.0) (a), (0.6, 0.0) (b), (0.9, 0.0) (c), (0.3, 0.1) (d), (0.6, 0.1) (e), and (0.9, 0.1) ()
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Table 1 Mole fractions of chemical species in reaction 11

CFD
R R N OH NO H
NH3 ON (>< 10-7) (>< 10—2) (>< 10-2) (>< 10—3)

0.0 0.6 5.61 3.26 1.33 4.14

0.1 0.6 4.49 3.11 1.28 3.53

0.0 0.9 5.82 5.52 1.03 7.01

0.1 0.9 5.92 547 1.07 6.93

OPPDIF
R R N OH NO H
NH3 O,N (>< 10-7) (>< 10»2) (>< 10-2) (>< 10-3)
0.0 0.6 11.7 5.21 0.689 13.9
0.1 0.6 12.4 5.01 0.747 14.1
0.0 0.9 9.62 8.32 0.584 18.5
0.1 0.9 13.9 8.24 0.699 22.1

Ao A Fuel-NO, A EA9 vl 487

CFD ¢] 49, N ¢ l"&: ] (Rums, Ron) = (0.0,
0.6) & (0.1,0.9)0°1A4 Z+zt o AA yepett vhd
°oll, OPPDIF 9] %oﬂ s 9 FAJo] el
U] ekttt o]i= Fig. 5 oA AdHo= 49
NO, Wi&F9 dEYol 7o ik g A4S
RI1 ] 3}e}2efA 2 NO A4 WHgE % N ¢
EEgol 43S v ZeR o € F Utk

gt o R 2-D Mgt AESHNA s F
ol AAEE Thermal NO & == oA H
Ko 2 AN FuelNO 9 ApA|gH vl 4
g g THT

ol

°

3.3 LS| Xtolofl 2|k NO, HIEEM H|I
A A A /olatEl e A W A /A AR o] F
ozl AbghAle] diste] Ax o A Aol ¢
gk NO, W& S5A4& vlus] ®7] $1se], it
A Abagshgol uigk d¥doz ZH% NO, v
&S Table2 o 2Fal3it).
A, dEYo7E H7TEA ¥ Rags = 0.0 9
-2} 0,/CO, o] AFstA] 7o A= Ha Aol
fatA] 7] wiiEell NO, 7k 38 wiEu A %Sk
CHEA] SFR Yo7 H7FE Ry = 0.1 & =4
A, Roc=03,06,1.0 22 0,/C0O,2 2tabA] Woi
kA vl&9] Fobell wheEl NO, o HlEE 7
ATt 714, SAHE NO = A= el H7ke &
a2 Ao gsiA AN wEdl 25 Fuel-
NO, & 2 4= 9lt}. g, 2-D CFD &4 43
aPoe® YERZ AR sl re]
Hoe] NO, A4 AHe]l 5 Fig. 2¢ ¢ 4
9Jr FrAbstAl Vet Th ean A E NO, & R4—
59 s}ehuk-g-2lo] 9] 3 Fuel-NO 2 1% St}
Oy/N, 8] AF&FA[ol A Ron =022 AHA S &7]
z70 thate], Ry = 0.0 oA ¥iEHE NO, &
Thermal NO, ©]™, Ryys = 0.1 oAl 8]l Z& 5= NO, =
Thermal NO, ¥5F o}y &} Fuel-NO, 7} E3F% o] Q)
i E A Aoz ARk 715 ARESH
A& 2o HWIEE = NO, & A4 Ao
e 87 0,/CO, AFstAlS] =AkA A4 X

HHN'

é U o
N

s mlm

Mo 8

Table 2 Experimental results of NO,,, emission for
conventional air and oxyfuel combustion

conditions
Roc
’ R R R
R (Rox) fo¥e o¥e ON
1.0 0.6 0.3 0.2
0.0 0 ppm 0 ppm Oppm | 16 ppm
0.1 214 ppm | 194 ppm | 188 ppm | 163 ppm
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