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In the modern society energy is an all-important commodity. The combination of achieving the 
best possible efficiency, lowest possible emissions and least thermal stresses when producing 
energy is a challenge.  A promising improvement is combining lean combustion with a non-
equilibrium plasma. A theoretical approach shows that artificial chain initiation of combustion 
should be more efficient than thermal initiation. [1] 

The scope of the work focuses on lean, plasma-assisted combustion. Combustion of lean 
mixtures lowers the flame temperature, and has a potential to decrease 
harmful emissions such as NOx. To investigate lean flames combined 
with plasma a Low-Swirl Burner (LSB) is used. This burner has the 
advantage over commonly used high swirl burners that, even without 
plasma assistance, it can burn lean with near-zero emissions of NOx and 
CO. [2] 

The burner was modified so that a Dielectric Barrier Discharge (DBD) 
could be generated inside the burner exit (Fig. 1). The modification 
consists of an extension of the burner by a quartz tube with a metal mesh, 
the high voltage electrode, wrapped around it. In the center of the quartz 
tube a grounded steel pin is mounted. This design was inspired by 
Rosocha et al.[3] A Teflon insert holds the quartz tube to insulate the high 
voltage electrode from the original burner exit that holds both the swirler 
and the grounding pin. 

Fig. 2 shows the various plasma modes that where found during the 
research. The glow mode can only be found at specific mixture settings 
and high plasma powers (>300 W). It can only be sustained for short 
periods of time, as the grounding pin slowly melts down. Therefore, no 
repetitive measurements could be done using this regime. 

Measurements focused on the lean blow-off limit of premixed methane/
air and propane/air flames, as a function of gas flow speed at atmospheric 
pressure and ambient temperature. Data processing is still in progress, and 
we present preliminary results here. The unassisted combustion was taken 
as the reference configuration, to which two plasma-assisted modes were 
compared. These modes differed in the plasma generator used. One 
plasma generator is an AC source capable of 40 kHz, 20 kV and a maximum power of 2 kW. The 
other source is a nanosecond pulsed plasma source (FID FPG-20), with maximum power of 50 W, 
maximum voltage of 20 kV, maximum repetition rate of 10 kHz and a pulse width of 10 ns.  

The power that could be delivered to the flow is limited by the occurrence of arcing. Arcs, a form 
of thermal plasma, are relatively inefficient in creating reactive species, and thus are undesired for 
our goal. The maximum power depends on flow speed, which can be seen in Fig. 3. This figure 

 

Fig. 1. DBD low-
swirl burner 
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Fig. 2. The diverse plasma modes. 
 From left to right with increasing plasma power: no plasma, corona, corona in air, arcing, glow 

also indicates the leanest stable methane/air flames that the burner could sustain with and without 
plasma. For an equivalence ratio between 0.5 and 0.6 the plasma-assisted flames were so faint that 
they were hard to detect by eye, suggesting combustion was not complete. This was tested using 
an exhaust gas analyzer (Arex Type 40). The device was designed for higher order hydrocarbon 
measurements so there are no 
quantitative results. However, 
comparing results with and 
without plasma gave interest-
ing insights. With a flow speed 
of 3 m/s and an equivalence 
ratio of 0.75 this gave a 
decrease of 16% of unburned 
hydrocarbons when the plasma 
generator was activated. 
Decreasing the equivalence 
ratio increases the number of 
unburned hydrocarbons signi-
ficantly. Going from φ= 0.7 to 
φ=0.6 increases the emission 
of unburned hydrocarbons with 
37%. This illustrates the need 
for finding an optimum 
between power introduced into 
the plasma, equivalence ratio 
and completeness of combustion. 

The same measurements are done for a propane/air mixture, the results are included in figure 
3. The maximum plasma power that could be delivered to the flow is the same as for the methane/
air mixture. At low flow speeds the influence of plasma on methane is higher than for propane, but 
at higher flow speeds, the influence is larger for propane.  

When set at its maximum power of 50 W the results with the nanosecond pulsed plasma source 
are comparable to those with the AC source at 70 W. It can be seen in figure 4 that when 
increasing the flow speed, the minimum equivalence ratio before blow-off increases when the 

 

Fig. 3. The minimum equivalence ratio and maximum plasma 
power as function of flow speed with and without plasma for 

methane/air and propane/air mixtures 
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pulsed source is used, while 
with the AC source it shows a 
decrease. A more powerful 
pulsed source is needed to make 
a fair comparison at flow speeds 
above 4 m/s. 

To get more insight in the reasons 
why a plasma improves the 
blow-off limit spectrographic 
measurements are done. 
Emission spectra were recorded 
by means of an intensified CCD 
camera (Princeton Instruments) 

mounted behind an imaging spectrograph (Chromex 250i) equipped with a 300 grooves/mm UV-
blazed grating.  

 

Fig. 4. Comparison between pulsed power and AC plasma 

 

Fig. 5. Spectrographic measurements and the identification of the peaks 

The results can be seen in figure 5; it covers the 250-400 nm range in several overlapping portions 
of about 30 nm each. Above the peaks the species and the transitions are noted. The emission 
intensity only varies with plasma power, but not with equivalence ratio or fuel. Almost all lines 
can be traced back to the transition of N2 from C3Пu to B3Пg in the second positive system.[4] In 
the region from 280 to 320 nm  transitions in OH have been found, and CH was observed weakly 
(relative to the nitrogen peaks) around 430 nm. OH and CH were also observed in the unassisted 
flames, at about the same intensities. Normally, N2 does not have an influence on combustion. 
Although electronically excited N2 can be expected to be considerably more reactive than ground 
state molecules (even in the lowest triplet state N2 has about 5 eV of internal energy), we assumed 
that it acts as an intermediate species to transfer energy to other molecules such as O2 and CH4 or 
C3H8. A suggestion is that these molecules break up, and thereby a chain initiation is produced. 
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