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Plasma assisted combustion

Thermal effects

* Increased reactivity

Transport properties

e J]onic wind

Kinetic effects
* Radical pool generation



Motivation
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Plasma in fuel-rich conditions

Increase of flammability limits
* Soot?

H, production

* Syngas generation

Injection of radicals in lean zone
e Stability



Objectives

* To analyze the effects of plasma assisted
combustion in flammability limits, flame
structure and hydrogen production

*To compare the pollutant emissions in
conventional and plasma assisted combustion

* Plasma & Processes Laboratory
 Combustion, Propulsion and Energy Laboratory

’LabPIasma >° Laboratory of Plasmas, Films and Surfaces
UDESC-Joinville - CCT




Gliding arc discharges

* Divergent electrodes

* Breakdown occurs in the smallest gap

e The plasma column is pushed by the gas flow

* The discharge is extinguished and the discharge is
restarted

e Thermal, non-thermal or transitional

* Arc or contracted glow discharge? @
L




Experimental setup — Part |
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Flammable range
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Mass spectrometry
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Irradiance (MW/m?2.nm)
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Irradiance (MW/m?.nm)
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Conclusions — Part |

* The discharge is the main source of H,
molecules, which are burned in the flame.

* The flame occurs in cycles.

 Under plasma, the position of the flame is
strongly dependent of the equivalence ratio in
this setup.



Experimental setup — Part Il

Post-Reactor Qutlet
( -
FTIR Gas P
e i : : Compressor
‘ X )
Post-Reactor Na 1 Gas
| *® Cylinder
. J
Probe
(<«E | -
Flame Flow Direction
. O e P i,
ireles |
Gateway
G‘y:‘ » Plasma =
Amalyzer . 1 Reactor = =]
GAS AIR
%
I Mass Flow Meters I
Computer 2 . ctncal ~ ' ]
. — ")
Power - 4 4 )
Source . Multi-Tester

Osciloscope

Varellaet al. Fuel 184 (2016), 269-276



[CH4] (ppm)

HC emissions

1 CH, consumption
[ s T EEEEEEEEEEEEES N
800 —
------------------------------ | 'OH*+CH, < CH,*+H,0 |
i | :
600 — : * * :
®—9—@CH -0=12 o H +CH4 <:>CH3 +H2 :
] ®—@ —@cH -2=14 I :
_____ CH, - @ = 1.2 - Without Plasma N ’I
0= TR ewews CH,-@=14-WithowtPlasma | ~~ ~ —~—~ " T T TTTTT=oT ==
200 — [ * * |
:OH +H, & H*+H,0 |
] | |
° | | | . H*+0, ©OH*+0* |
240 280 320 360 - !

Input Power (W)
( H and H, addition reduces CH,

concentration



[CO] (ppm)

CO and CO,
emissions

CO+OH*<CO, +H*

[CO2] (%)

® 9 9cC0,-0=12
®—9®9cC0,-9=14
_____ CO, - @ = 1.2 - Without Plasma
_____ CO, - @ = 1.4 - Without Plasma

® 9 $®Co-9=12
® 9 $9Co-9=14
_____ CO - @ = 1.2 - Without Plasma
----- CO - @ = 1.4 - Without Plasma

240 280 320
Input Power (W)

240 280 320 360
Input Power (W)

CO+0, < CO,+0*
O+H,0&0H*+0OH™*
H+0O, < O0H+0*



[H,0] (%)
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NO, emissions
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Energetic efficiency
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Specific energy (kd/mol)
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Conclusions — Part Il

* Plasma causes a faster fuel oxidation.

* A selectivity to H, is observed.

* In plasma assisted combustions the pollutant
emissions are reduced, except by NO,



In progress
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