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Overview 

 Purpose  

 Demonstrate dissociation of nitrous oxide with non-thermal plasma discharge 

 Final objective 

 Achieve self-sustained dissociation using a dielectric barrier discharge (DBD) 

 Design and fabricate a hybrid electric/monopropellant thruster with this technology 

 Nitrous oxide dissociation 

 N2O(g)  → N2(g) + ½O2(g) + Heat 

 161 kJ/mol required to break apart N2O 

 Oxygen molecules recombine and release 245 kJ/mol 
 Net energy ~ 84 kJ/mol  

 Self-sustained dissociation can be reached at high temperatures (>1000 °C) 

 Benefits 

 “Greener” propellant than current monoprop’s (hydrazine, hydrogen peroxide) 

 Comparable specific impulse (~200 sec) 

 Non-toxic/non-flammable, safe to handle 

 Can be stored as a liquid 
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Past Research 

 Previous Experiments  

 Catalysts  

 Reduce dissociation 

temperature 

 Power only required at 

startup 

Material limitations 

 Not stable at high 

temperature 

 

 Plasma 

 Dissociation of NOX 

 Increased rate of 

decomposition 

 100% conversion 

achieved 

 Continuous external 

power required 

 

Hypothesis: Due to some of the gas being in an excited state, the effective 

activation energy for dissociation due to collisions may be reduced    
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Dielectric Barrier Discharge 

 Dielectric Barrier Discharge (DBD) 

 Two concentric electrodes separated 

by an insulating dielectric barrier 

 High voltage AC 

 Varying electric potential to 

accelerate free electrons 

 Electrons then collide with N2O  

 Ions/additional free electrons formed 

 Trapped ions enhance collisionality 

 Only excitation and not full ionization 

may be sufficient 

 Reduction in activation energy predicted 

 

 

 

 

2nd Electrode  Ground 

1st Electrode  High 

Voltage AC 

Dielectric Material 
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Proof of Concept Results 

 Tests using CO2 as a control 

 The specific heat for CO2 is about 5% lower than N2O. 

 This would result in CO2 having a higher temperature increase (only joule heating) 

 However, we see the exact opposite  

 0.5 slpm 1.5 slpm 2.5 slpm 

Co2 Max ΔT  = 20.55 C 

N20 Max ΔT  =  27 C 

Co2 Max ΔT  = 24.9 C 

N20 Max ΔT  =   35.1 C 

 Co2 Max ΔT  = 23.15 C 

N20 Max ΔT  =  31.25 C 
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Current Design 

 

 Fused two stainless steel to quartz adapters (KF 25 Flanges) 

 Placed in Bell Jar 

 Feed-throughs were connected to KF-25 ports on plate 

 Copper tube will “hold” the two feed-throughs 

 Direct flow out/in the holes in the feed-throughs 

 Entire system grounded to grounding mesh 

 
 

 

 

 

 

 

 

 

 

 

 

KF-25 flange	

Feed through	

		

~9 inches	

Grounding mesh	 Feed through	
Copper tube	

		

Feed through	

KF-25 flange	
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Bell Jar and Instrumentation 

 External flow meter 

 Switch between CO2 and N2O 

 Blue arrows show flow direction 

 Thermocouples 

 Shown with red/green arrows 

 Red arrows are surface mounted to 

flanges and exit flow tube 

 Green arrow is internal to flow 

immediately downstream of 

plasma region 

 Power input 

 *High voltage probe 

 *Series resistor to measure current 

 

*Some challenges still need to be addressed 

Reactor shown mounted on base plate without bell jar 
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Characterizing Power Loss 

 Power can be divided into the following: 

 Input power from plasma driver 

 Measured 

 Decomposition power 

 Unknown 

 Enthalpy increase of gas 

 Calculated using specific heats/tabulated values and measured 

temperatures 

 Radiative power loss 

 Inferred  will be baselined using CO2  
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The next few design iterations involved finding 

ways to raise the temperature of nitrous oxide. At this 

point, the focus switched to raising the total power 

input to reach those temperatures. A couple of design 

trials were performed using the initial power system 

(555 timing circuits and op-amp circuits) when finally 

a commercial plasma driver, capable of outputting 

about 200 W (± 7000 volts, 22 kHz), was 

implemented.  

Throughout testing, much of the power was 

observed to be lost to the environment. This was 

initially detected when the high-temperature solder 

holding together the grounding mesh melted after a 

few minutes of system duration. This prompted the 

need for better heat control. Furthermore, the rubber 

stoppers began to disintegrate due to the ozone created from the plasma, which generated leaks in the system and 

allowed nitrous oxide to escape. The design issues prompted both a redesign of the plasma tube to increase 

operational longevity and reduce leaking, and the implementation of a vacuum system that would minimize heat loss 

to the environment.  The new setup is described in the next section. 

 

III. Recent Progress 

A. System Redesign and Testing 
In order to better control the power flow of the 

system, a bell jar vacuum system was 

implemented to reduce the heat lost to the 

environment through convection. A significant 

reduction in the loss of power could have a 

considerable impact on dissociation of nitrous 

oxide and reaching self-sustaining temperatures. 

A vacuum system consisting of an 18-inch quartz-

bell jar sitting on a backing plate has been 

constructed to achieve a vacuum with an ultimate 

pressure of 10
-6 

Torr, using a turbo pump backed 

by a small roughing pump. To integrate the 

plasma tube into the vacuum system, the tube had 

to be re-designed using vacuum feed-throughs. The re-designed system was still based on the initial setup, whereby 

the flow is forced through the plasma section using a central copper tube plugged in the middle. Figure 4 presents a 

schematic of the new system. The quartz tube was adapted to allow the system to be connected to a KF-25 flange 

feed-through on each side, which is then connected to backing plate feed-throughs to allow gas to flow from outside 

of the vacuum chamber. A thermocouple is placed at the edge of the copper sleeve on the downstream side to get the 

most accurate representation of the temperature after passing through the plasma region. The entire system is 

grounded to the power source. Figure 5 shows the tube mounted to the backing plate and supported by the copper 

tubes that support the gas flow. The blue arrows represent the direction of gas flow, the red arrows the location of 

the external thermocouples, and the green arrow the location of the internal thermocouple that measures the gas 

temperature downstream of the plasma.  Note that a bell jar will sit on top of the base plate, covering the system.  

The next step is to characterize the power loss within the system. It is important that a proper power analysis be 

done to understand how the input power is being distributed. Assuming that there are four overall sources/sinks of 

power,  

1. Input power from plasma driver 

2. Decomposition power 

3. Enthalpy increase of gas 

4. Radiative power loss 

The four sources/sinks of power are related as follows: 

 Pinput + Pdecomp - Prad = Penthalpy  (1) 
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N2O - CO2 comparison at 1.5 SLPM 

Figure 3: Results at 1.5 SLPM comparing N2O and 
CO2 

KF-25 flange!

Feed through!

!!

~9 inches!

Grounding mesh! Feed through!
Copper tube!

!!

Feed through!
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 Figure 4: Schematic of vacuum setup 
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Results  

 Results with latest design 

 Gas flow at 9 LPM, ~30% maximum voltage 

 Run for about 2 hours to ensure steady-state 

 Temperature data recorded from all four 
thermocouples 

 Oscillation in gas temperatures  

 Period of ~2.5 min 

 Correlation to oscillation in the flow rate 

 Inverse relation shows higher temps at lower flow rates 

 Relationship is as expected, but cause of oscillation is 
currently unknown 
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CO2 Temperature Data 

• Peak gas temperature around 90˚C 
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N2O Temperature Data 

• Peak gas temperature around 120˚C 
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Data Analysis: N2O versus CO2 

 Graphs show temperature is higher (30˚C) for N2O 

 ~31% more power into the N2O from the power supply 

 Characteristic of ionization/excitation energies and cross-sections 

 Radiated power increase shown above at each thermocouple location 

 Conclusion 

 Net power released through decomposition of N2O 

 Presence of plasma is either: 

 Reducing activation energy (low energy cost –  desirable) or 

 Directly dissociating N2O (high energy cost – not desirable) 

 

 

 

6% difference 
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Isolating Excited States of N2O 

 External power required to dissociate N2O is deemed 

excessive 

 High energy cost – not desirable 

 Hypothesis: 

  Due to some of the gas being in an excited state, the effective 

activation energy for dissociation due to collisions may be 

reduced    

 Ionization energy for N2O – electrons accelerated in DBD 

 ~12.9 eV 

 Goal: Input energy less than that to minimize the amount of 

power required  

COMPUTATIONAL 



Dissociation Paths  

 Possible dissociation paths with energies less than ~ 

13 eV 

 7.8 eV 

 8.5 eV 

 9.6 eV 

 Build/design an electron source  

 Accelerate electrons to certain energy levels 

 Collide with neutral gas, induce excitation 
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Computational Analysis: Current Work 
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Numerical Model  

 A 2-D numerical model will provide a guideline for 

experimentation 

 First step  1-D model of plasma within a chamber 

 Implement “extractor grids” to accelerate electrons 

 Simulation (1-D): 

 Fluid treatment for ions and electrons 

 Transport  model: Drift Diffusion 

 Drift – electric field, Diffusion – gradient of density, 

temperature  
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Scharfetter-Gummel (SG) Method 

 Method used to discretize the drift-diffusion 

equations 

 Species density evaluated on cell centers (i) 

 All other quantities evaluated on cell boundaries (i±1/2) 

 Fluxes approximated across the cell 

 All variables constant other than density 

 First order differential equation in density  

 Provides more stability  

COMPUTATIONAL 



Equations (1) 

Electrons Ions 

Assuming all values other than density constant… 

General form of fluxes: 

 

Note density dependence from adjacent nodes! 
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Equations (2) 

 Semi-implicit time-stepping method 

 Allows for larger time-steps  

 Lower computation time  

Electron Sources* Ion Sources* 

*Ignored negative ions 

Ionization  Recombination 3 - Body Ionization  Recombination 
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Mesh 

1-D Example: 

Density Fluxes, Electric field  

  1/2 

  1 

  3/2 

  2 

  i -1/2   i + 1/2 

  i 

SG assumes all variables other than density constant across a cell i 

 - calculated on the boundaries of the cells  
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Wall Boundary Conditions  

 Boundary conditions applied on flux nodes 

 Somewhat difficult to find ones that made sense 
physically and numerically 

 Current BC: 

 Assuming small gradients of temperature & density 

 Up-wind scheme  assume fluxes always going into the 
wall  

 Unsure about this condition but presents the best results  

Left Boundary 

Right Boundary 

a and b  coefficients to ensure upwind towards boundaries  
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Electrons – Gaussian Source 
COMPUTATIONAL 



Extractor Plates 

 Extractor plates required to accelerate electrons 

 1-D simulation 

 Imposed potential on a plate in the middle 

 Wall boundaries on plate edges 

 In 2-D simulation 

 Used to extract electrons and accelerate to desired 

energy levels 
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Electrons – Gaussian Source + Emitter 
COMPUTATIONAL 
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Future Work 

 Numerical Analysis 

 Implement sources/sinks into model 
 Ionization/recombination coefficients 

 Boundary conditions  

 Extend to 2-D 
 Extractors 

 Control electron energy levels 

 Model collisions with N2O 

 Experimental setup 

 Design electron source  

 Isolate excited states of nitrous oxide 

 Main goal: Achieve self-sustained decomposition 

FUTURE WORK 
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