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The lecture discusses recent results of high-speed flow control by nonequilibrium 
plasmas, using both a low-temperature, diffuse, volume-filling plasma and localized, relatively 
high temperature plasma filaments. These two different approaches have been used for MHD 
deceleration of low-temperature supersonic flows as well as for mixing enhancement / noise 
reduction in transonic and supersonic jet flows. 

  
Low-temperature MHD flow deceleration is achieved using repetitively pulsed, short 

pulse duration, high voltage discharge to produce uniform ionization in a M=4 nitrogen flow in 
the presence of transverse DC electric field and transverse magnetic field. Effective flow 
conductivity is significantly higher than was previously achieved, σeff=0.1 S/m. MHD effect on 
the flow is detected from the flow static pressure measurements. Retarding Lorentz force 
applied to the flow produces a static pressure increase of 19%, while accelerating force of the 
same magnitude applied to the same flow results in static pressure increase of 11%. The effect is 
produced for two possible combinations of the magnetic field and transverse current directions 
producing the same Lorentz force direction (both for accelerating and retarding force). The 
results of static pressure measurements are compared with predictions of a 3-D Navier-Stokes / 
MHD flow code. The static pressure rise predicted by the code, 18% for the retarding force and 
8% for the accelerating force, agrees well with the experimental measurements. Analysis of the 
calculations results shows that at the present conditions, the effects of Joule heating and the 
accelerating Lorentz force cancel each other, producing nearly zero net flow velocity change. 
On the other hand, the two effects are combined for the retarding Lorentz force, which results in 
approximately 2% flow velocity reduction, by Δu=15 m/sec. This result provides further 
evidence of cold supersonic flow deceleration by Lorentz force. 
 

Mixing enhancement and noise reduction in high-speed and high Reynolds number jet 
flows are demonstrated using localized arc filament plasma actuators. Multiple plasma actuators 
(up to 8) are controlled using custom-built pulsed DC and pulsed RF plasma generators. The 
plasma generators independently control pulse repetition rate (0–200 kHz), duty cycle and phase 
for each individual actuator, thus allowing forcing the flow in different azimuthal modes and 
exciting various flow instabilities. Actuator current and voltage measurements demonstrated the 
power consumption of each actuator to be quite low (~20 W at 20% duty cycle). Emission 
spectroscopy temperature measurements in the pulsed arc filaments showed rapid temperature 
increase over the first several microseconds of arc operation, up to ~10000 C in the pulsed DC 



discharge and up to ~25000 C in the pulsed RF discharge. Modeling calculations using an 
unsteady, quasi-one-dimensional arc filament model showed that rapid localized heating in the 
arc filament on a microsecond time scale generates strong compression waves. Indeed, schlieren 
images of jet flows with repetitively pulsed plasma actuators operating showed multiple 
compression waves generated by the arc filament plasmas and propagating in the flow. Laser 
sheet scattering flow visualization results and particle imaging velocimetry measurements show 
large-scale coherent structure formation and considerable mixing enhancement in ideally 
expanded M=0.9 and M=1.3 jets forced by eight repetitively pulsed plasma actuators. The 
effects of forcing are most significant near the jet preferred mode frequency. The results also 
show a substantial reduction in the jet potential core length and a significant increase in the jet 
Mach number decay rate beyond the end of potential core. Finally, far-field acoustic results 
showed a significant noise increase (2 to 4 dB) when the jet is excited around the jet preferred 
mode instability. These results show considerable potential for development of flow mixing 
enhancement and noise reduction technology in large-scale compressible flows. 
 

Finally, recent results of plasma assisted combustion experiments using high-voltage, 
nanosecond pulse duration, high pulse repetition rate discharge and kinetic modeling 
calculations are discussed. Kinetic model used to analyze these experiments has been validated 
using time-resolved Two Photon Absorption Laser Induced Fluorescence (TALIF) 
measurements of O atom concentraion generated by the pulsed discharge. In these experiments, 
absolute O oxygen concentrations have been measured in air, methane-air, and ethylene-air 
plasmas, as a function of time after initiation of a single 25 nsec discharge pulse, and in burst 
mode, in which a sequence of 2 – 100 discharge pulses is initiated at 100 kHz.  Peak O atom 
mole fraction in air, after a single pulse, is ~0.4 x 10-4 at 60 torr, with decay occurring on a time 
scale of ~2 msec.  Peak O atom mole fraction in a stoichiometric methane-air mixture is found 
to be approximately equal to that in pure air, but the rate of decay is found to be faster by a 
factor of approximately two to three.  In Ф=0.5 ethylene-air, peak atomic oxygen concentration 
is reduced by a factor of approximately four, relative to air, and the rate of decay increased by 
approximately one order of magnitude due to much faster  rate of reaction of atomic oxygen 
with ethylene, compared to methane, at room temperature.  Burst mode measurements show 
very significant (up to ~0.2%) build-up of atomic oxygen density in air, and some build-up (by a 
factor of approximately three) in methane-air at Ф=0.5.  Burst measurements in ethylene-air at 
Ф=0.5 show essentially no build-up, due to rapid O atom reactions with ethylene in the time 
interval between the pulses.  Discharge modeling calculations, incorporating full air species 
kinetics complemented with GRI Mech 3.0 hydrocarbon oxidation mechanism, are shown to 
provide good overall agreement with all the experimental data.  Reduced kinetic mechanisms  
are also identified,  which provide additional insight into the key processes of O atom 
generation and decay. 

 
Plasma assisted ignition experiments were conducted in ethylene-air and ethylene-

nitrogen mixtures flowing through a quartz discharge section / flow reactor channel. In the 
experiments, two different operation regimes have been identified, (i) oxidation regime with 
relatively low fuel fractions oxidized in the absence of visible flame, and (ii) ignition regime, 
with large fuel fraction burned, large amounts of CO and CO2 generated, and flame detected in 
the reactor. Ignition occurred at air flow temperatures as low as 3000 C (before adding fuel). In 
both regimes, significant plasma temperature rise is detected in air-fuel flows, up to ΔT=3000 C. 



Comparing these results with temperatures and dissociated fuel fractions in nitrogen-fuel flows 
demonstrates that the temperature rise in air-fuel flows is due to exothermic plasma chemical 
fuel oxidation process, which results in ignition when the flow temperature approaches 
autoignition temperature. This conclusion was confirmed by kinetic modeling calculations, 
which also demonstrated that ignition temperature is significantly reduced by the presence of 
radicals in the flow. Calculations showed that the model correctly predicts oxidized fuel 
fractions and resultant temperature rise in the plasma in the oxidation regime but significantly 
overpredicts burned fuel fractions in the ignition regime. Transition from the oxidation to the 
ignition regime predicted by the model is consistent with the experiment. Finally, the model 
poorly predicts some product species concentrations (CO2, CH2O, and C2H2), even in the 
oxidation regime. Comparison of product species concentrations predicted utilizing two widely 
used hydrocarbon reaction mechanisms showed significant differences. Since these mechanisms 
have not been validated at near-room temperatures, this suggests that they may be inapplicable 
at the present conditions. This demonstrates the need for development of an accurate low-
temperature plasma chemical fuel oxidation reaction mechanism. 

 
 


