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':) Influence of high fields and humidity on the spatio-temporal evolutions of rotational and vibrational
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Summary: We report results on the influence of humidity on the energy relaxation and heating /nfroduction: This work comes within a research on the fundamental mechanisms of diffuse
mechanisms of a high fields nanosecond corona discharge in atmospheric air. At 85kV, for both dry and electric discharges under very high electric fields and the associated non-equilibrium plasmas
humid air, high non-equilibrium vibrational excitation of N, is observed in the first hundreds of in atmospheric air. Such discharges are created at very high over-voltages, several tens of kilovolts,
nanoseconds of the post-discharge. Below 1% of water vapor concentration, the gas temperature reaches With sub-nanosecond rise times and without any pre-ionizing system [1]. | |
~550K at the pin due to fast heating mechanisms. Above 1% of water vapor concentration, 800K is reached In the context of air treatment research, better understanding of the physical and chemical
due to OH formation and fast vibration-translation transfers of H,0. Then, vibrational-vibrational transfers ~Processes of these discharges helps to develop advanced and high energy efficiency reactors. The
dominate until 10us for any water vapor concentration up to 2%. Until 500ps, vibrational-translational transfers Nigh field values that make large volume discharges, should enable the design of plasma
participate to moderate heating of the gas, about 1000K. Thermal equilibrium is reached within 10 to 50ms. reactors presenting more homogeneous properties than current ones.
Experimental setup: Power |, PR
_ meter £=1000 g : i High voltage cable
- Pin-plane g.eome.try, 18mm gap "_',34 ) & £200 1,
- ~100 pm pin radius ' tons & - pL Lens
- V0|tage peak: 85kV Nd - YAG Laser ﬁIsoj&L;g(s) St "w--' /=300 — Reactor chamber
" _ 1.2 J, 300ns, 200 pm S8 Mirrors e
- Repetition frequency: SHz 532nm. 10Hz iy 100um radius pin
- P=1atm, 1 L/min flow of synthetic air fiter v 85k§ Pin
- Water vapour up to 2% is added using a water evaporator Pockels cell sy Slits on laser path Voltage, current and energy signals
and dilution system e 200- -
IsoPlane SCT 320, PR Propagation region
Princeton Instruments
- Agilite pulsed Nd:YAG laser (Continuum) (1.2J — 300ns) [F]=mm P —
- Spectrograph: IsoPlane SCT320 - 600g/mm, blazed at 500nm L e I A ‘ oo .}
Back-illuminated CCD (Pixis 400B) .
- Notch filter at 532nm |
-  Electro-optical shutter : 2 crossed polarizers + KD*P Pockels cell (LAP-50, Quantum Tech.) Current shunt 1 3 - " - s
Time (ns)
Choice of the fitting model according (o state of the gaz: | Density temporal profiles: Pressure temporal profiles: n(O) temporal profiles:
Various energy distribution functions have to be considered to correctly describe - g X102 |
reactive media because of strong energy transfers. S Ry AR e - .
B B — —=—n(N,) 07 ey e ————
* A model at thermodynamic equilibrium for spatial positions out of the L —e—n(0,) / 2-8-_\_ o orescure i dry Al o T : ga’gg% _______
discharge and all positions after complete energy relaxation : 2-057;*—--7:—‘%. e /./ = jj a Proseure at RH=30% Ll S S S -
| T el . € 5 Shack wave o
(2] +1)gjexp (— hCE}é‘ﬁ(v) - hCET,i’}(U’] )) T =T =T IERVS B \ Vo e / = 204 . EWV] - T T -
N,; =N trans rot vib Cog o124 02 R e /// o 18] L O o084 S S —— S—
Quin (1) Qroc (0, ) St e N e i
A three temperatures model for times before vibrational relaxation : S I N 2 PR \\ %\ ] :
N B _ T ! 12 G s “1 A F T
(2] +1)g,exp (— he(Evin (v = ;)Tv b =0) _ hCE”,i”év =1 _ hc%%g?’] )) gf}} ——~ -_1:.:::_,,::'/ N ;Z e 029 o S S e
Ny=oy =N Qo Tor s o )00t (0, Tror) : ceee o e T T 0001 001 01 1 10 100 1000 10000 100000 N
vib\tvgyr v, ) rot\M) Lrot I Time in post discharge (us) o _ - - -
: Time In post discharge (s) Time of post discharge (us)
2] + 1) ex _ hCEvib (17) . hCET‘Ot(v']) : ]
JI=EP kTy,, kTyot Trot # Tyzg1# Ty . Just after the discharge: From 10us to 500us: The evolution of the ratio of O, and N, atoms
Novoy = Quib Ty, Toy) Qrot (¥, Trot) .+ Isochoric heating of the gas * Enhanced gas expansion with  compared with the equilibrium gives n(O):
. N . = Enhanced T, and pressure at RH=30%  heating due to V-T transfers 0.) = 1/2n(0)
* A two temperatures model for times after vibrational relaxation - Significant dissociation of O, . Accelerated V-T in humid air Ldissociation \Y2) = 72(0,)+1/2n(0)
@] + 1)gjexp (_ hcb;:%b(v) _ hC%%t(v,])) .+ Gas expansion starts From 500us to 10ms: Just after the discharge, T .. ciation (O,) ~ 15%
Ny =N Ty Trot # Tuip ' At 1ys: - Relaxation by diffusion O atoms loss is in humid air is dominantly
pibApIroth ™ Trot  Shock wave re-establishes pressure due to reaction c.
Temperature profiles of N, for different relative humidities (85kV - r=0mm - z=1.5mm): Discussion:
1400 _ « The large majority of the additional heating due to water vapour
! o v In dry air. | probably comes from fast discharge processes involving OH or
g 7 L Re=25% ( Fast heating (+250K) dominantly due to [2]: H,O(v) (reactions (a, ¢, d and f followed by e)).
S | A RH=0% ;/ Quenching of N,(C,B) states by O,
E; | o Dissociation of 012 and N, by electronic impact - Contrary to [4], no strong increase of temperature is observed at 10ps
§ woy——  via Quenching of O('D) with N, and O, due to reactions g followed by e. The low efficiency of H,O(v)
. — i Reactions involving charged particles quenching with O, probably comes from:
g " \
4001 \.\ In humid air: * low vibrational excitation of O, in dry air
1 | Increased fast heating (+500K) in less than 300ns [3,4]:
o001 001 ""'6.'1 T 10 00 1000 10000 « Exothermic OH formqtic?n, during the discharge - Vibrational excitation of O, by
fime ol post discharge (19 * By electronic impact from H,0: S it ayar electron impact is weak due to low
H,O+e > H+OH+e [ Ot - Rh=25% cross sections contrary to N..
e ] x/ H,O +e > OH +H ~ | a Fast process during the discharge < - RH=73% ’
= -k/‘; / :\ H,O +e > H + OH B g Also O,(v) experiences vibrational
5 T _/ . . Other reactions: 3 relaxation by quenching with O.
2 2000—/_ A c
g | : \ H+O,+M-> HO, + M, M € [Oy(V), Ny(V)] } b | Three step process 5 L o
: \\ O(3P) + HO, => OH + O,(v) = In hum!d air, vibrational ex0|ta_t|on
S 1000{ —=—Dryar N O(®P) is decreased by OH + O(3P) > O,(v) + H and, £ ol L@w 9f (I)Z' S glrjlhangec(l) by retgctlols
® R '\ by loss of O('D) through c in quenching reactions with O, and N, iz . - . - . - INvoIving an (reactions b,
S v RH=73% 1 576 578 560 22 OH + O(°P) = O,(v) + H) and the
o O( D) + HZO - 2 OH C Wavelength (nm) : : :
.. quenching with O is much less
0001 001 01 1 10 100 1000 10000 Np(@) + H,O 2 Ny(v) +OH+H  d efficient due to reaction c.
Time of post discharge (|s) ¢ FaSt V'T tranSferS Wlth Hzo(V): ° high 02 dissociation
H,O(v,) =2 H,O(T) 1=40ns .
6000 27272 2 ndependent of temperature) e
B fﬁﬁ_ﬁx H,O(v,v2) > H,O(T) = 100ns NP perature) S
€ s s . H,O ted by electronic i t: L o s
x [ 20(Y) c_;rea w4 Oy fec ror_ucl mpac Vibrational excitation of N,: & | __cut.ayair
< 4000- \A H,O + e > H,0O(v,=1) t e £ | ——CHI-RH=73%
= | H,O+e > HO(v,=1)+e - | f Fastprocess during the discharge - Vibrational levels up to v=11 & |
R ar . H,O +e” > H,O(vz=1) + e~ are populated g
s 2000 a el \:\ « H,O(v) created by quenching with O, and N.: 5
R \ 0,(v) + H,0 > O,(v-1) + H,O(v) T~ 3us Sow o + Population of low vibrational &
= . \'\ N,(v) + H,O = N,(v-1) + H,O(v) 1= 100us (300K) 9| SIOW process levels increased in humid air E
peeest et T o B Increased heating of low vibrational levels of N, not yet described. s0 55 60 605 60
Time of post discharge (Js) Wavelength (nm)
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