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Abstract

To cope with the challenges of low efficiency and flame instability in the combustion process of
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ammonia fuel, this paper proposes an ammonia blending combustion scheme coupled with plasma.
The stability of ammonia flame is improved by mixing high reactivity fuel methane, and the plasma-
assisted combustion technology is used to further improve the combustion efficiency of ammonia
blending. Firstly, an ammonia/methane combustion experimental system was built, and a dielectric
barrier discharge (DBD) plasma generator was designed. Secondly, the flame dynamic experimental
images and plasma electrical parameters were collected, and the flame characteristics were quan-
titatively analyzed by image processing technology. The flame morphology and combustion charac-
teristics of ammonia/methane co-combustion under plasma excitation were discussed. The exper-
imental results show that the introduction of DBD plasma significantly reduces the flame height and
increases the flame width, and its thermal effect and chemical activity accelerates the combustion
reaction process. The increase of the applied voltage enhances the ionization intensity of the plasma,
promotes the generation of active particles, and expands the flame diffusion range. The increase of
ammonia ratio reduces the flame propagation speed and shortens the flame front, resulting in a
continuous decrease in flame height, while the flame width shows an overall decreasing trend.
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Figure 1. Plasma-excited NH3/CHjs jet flame experimental platform. (a) Schematic diagram; (b) System physical diagram
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Figure 2. DBD plasma generator. (a) Physical map; (b) The specific size diagram; (c) Front view; (d) Sectional diagram
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Table 1. Experiment conditions
FLOERTR
No. X, Qrwel/(sccm) Qco-flow/(sIm) U/(kV)
1 0% 400 30/40/50 30/50/80/110
2 5% 400 30/40/50 30/50/80/110
3 10% 400 30/40/50 30/50/80/110
4 15% 400 30/40/50 30/50/80/110
5 20% 400 30/40/50 30/50/80/110
6 25% 400 30/40/50 30/50/80/110
7 30% 400 30/40/50 30/50/80/110
8 35% 400 30/40/50 30/50/80/110
9 40% 400 30/40/50 30/50/80/110
10 45% 400 30/40/50 30/50/80/110
11 50% 400 30/40/50 30/50/80/110
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Figure 3. Plasma discharge images changing with time under different voltages
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Figure 4. U-1 waveforms of plasma under different voltages
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Figure 5. Lissajous image under different voltages
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Figure 6. The changes of output power and output efficiency of plasma under various working conditions
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Figure 7. Flame images at 25% XNH3 and flow rate of 40 sIm under different voltages
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Figure 8. Flame images at 80 kV and flow rate of 40 sim under different X,

B 8. 7£ 50 kV FERAE 40 sim BIR[E] X, THIAAERTELR

K9 JEIR 25% Xy, I 0 KV A1 50 kV I AR AR 2R T I KE B EER. fERIINSS & 71k
I, KIGm R, B, BEE MR A SRR RGN, OGRS A R, BRI n
AR SR, et 7 ME ARG BERE , X WA B T ks PR AR BRI N E) 50 kv i, &%
BRI GINR KIGTE A A T R 2500 o S5 885U I A SOS AL 22 G Ve 0t T IR S ML R HERE - AT
P TIRIGRRCR o TS BRI BE ARG, 55 B PR AR Xk e RO R i BE 9 I8 2%

30slm 40slm 50slm

-~ el o

40slm 50slm

Figure 9. Flame images at 25% X, under different co-flow air rates
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Figure 10. Flame-specific morphology feature extraction process
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Figure 11. Flame area under different co-flow air rates. (a) Voltage; (b) XNH3
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Figure 12. Flame height under different co-flow air rates. (a) VVoltage; (b) XNHa
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