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Paper# 701 Diagnostics and experimental methods

Numerical Simulation

Results and DiscussionIntroduction

▪Ammonia (NH3)  is a promising carbon-free fuel, yet constrained by 
slow chemical kinetics. Nanosecond pulsed plasma effectively 
enhances its reactivity, with the NH radical acting as a crucial 
intermediate bridging NH3 decomposition and H2 formation.

▪ Employ nanosecond-resolved NH-LIF in a DBD reactor to visualize 
the spatiotemporal evolution of NH radicals under varying 
discharge frequencies and N2 dilution, providing direct experimental 
benchmarks for plasma-chemical modeling.

▪ Employ 0D solver ChemPlasKin to unmask the dominant reaction 
pathways and radical-interaction mechanisms during NH3 
decomposition.
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▪DBD champer & Diagnostic system

• Electrode plate:  15×50 mm
• Discharge distance: 10mm

Fig. 1 (a) Diagram of DBD reactor.  (b) Schematic of the optical diagnostic setup.

Fig. 2 (a) Comparison between simulated and experimentally measured NH excitation 
spectra (b) Simulated rotational temperature dependence of the NH-LIF signal intensity 
for the R1(6) transition.
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▪Experimental setup & Spectra calibration
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Conclusions

• This work characterizes the spatiotemporal evolution of transient NH 
radicals during plasma-assisted NH3 decomposition using NH-LIF 
diagnostics and 0D kinetic simulations.

• The systematic investigation reveals a distinct three-stage temporal 
evolution with a lifetime exceeding 1 ms, and demonstrates that while 
higher discharge frequencies significantly promote NH production, N₂ 
dilution strongly suppresses it.

• These findings provide a vital experimental benchmark for validating 
plasma-chemical kinetic models.

▪Spatiotemporal  evolution of NH radicals

Distance [mm]

01kHz

05kHz

10kHz

20kHz

40kHz

50kHz

030 253540 101520 5

In
te

ns
ity

 [a
.u

.]

Distance [mm]

In
te

ns
ity

 [a
.u

.]

a) b)

▪ Influence of N2 dilution on NH generation

▪Optical emission spectra of NH3 plasma
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▪NH3 conversion path analysis & Path flux of NH

• Condition: Pure NH3 under 10 kHz.
• Simulator: 0D solver ChemPlasKin.
• Chemical kinetic mechanism :  Refer to reference [3].
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Table 1: Summary of flow conditions

Condition NH3 (%) N2 (%) Pressure 
(Torr)

1 100 0

~172 90 10

3 70 30

Fig. 3 Spatial distributions of NH-LIF signals in pure NH3 at 1 µs after the discharge. (a) 
800 phase-averaged NH-LIF images where  the white solid line represents the edge of 
the electrode plate.(b) Streamwise profiles of NH-LIF  along the flow direction (from 
right to left).

Fig. 4 Time volution of NH fluorescence in pure NH3 at different discharge frequencies. 
The dotted linesindicate the NH-LIF intensity at 100 ns after the discharge. 

Fig. 5 Time evolution of NH fluorescence 
in NH3 with different N2 dilution ratios. 

Fig. 6 (a) OES of pure NH3 at different discharge frequencies.  (b) OES of NH3 under an 
AC gliding arcdischarge [2]  (c) 2D imaging of NH (A3Π–X3Σ−), Hβ,NH3, and Hα. The 
solid and dashed white lines indicate the anode and cathode plates, espectively.

Fig. 7 (a) NH3 conversion path analysis (b) Path flux analysis of NH in pure NH3 under 
10 kHz discharge.  

• Consistent temporal trend.
• N2 ↑ →  ne ↓ → NH ↓  

• Ⅰ：Rapid Formation

• Ⅱ：Quasi-Steady State

• Ⅲ：Slowly Decay
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