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We consider a discharge plasma in a recombinationirtated equilibrium with spatially
uniform ionn,® and electrom,? densities at atmospheric pressure. Suppose aicgHuid
droplet is immersed in this plasma and the recoatlmn start occurring on the surface of
droplet. So, the dynamic flow of charged partiéiedeveloped towards the droplet surface and
the droplet acquires a negative potential in otddralance the flow of electrons and ions. It is
very important to understand the behavior of mamopE charged particles interacting with the
discharge plasma in the presence of liquid droplets

In this situation, the electrons follow the Boltama distribution and can be
mathematically expressed as

n,=n{% exp (e%T ) 1)

where KT is the electron temperature expressed in eVdaimgl the electrostatic potential. The
simplified form of transport equation for the iorspecies in the quasi-neutral plasma can be
written in one-dimensional spherical coordinates as

1d
r—zd—r(r 2u,n, )=vin, —ken.n, = n@ (v, —kgn, )exp(e%-rej 2
wherer is the radius of the droplet,is the ionization frequency atd is the recombination
rate constant in the helium gas. The ionic drifoeiy u. is given by

e e do

u, = E = —
m,v, m,v, dr

whereE is the electric fieldm, is the ion mass and is the ion collision frequency. Therefore,
the electric field is evaluated by using Poisseqisation as

1 d 2 _ e _ (0) cD
r—za(r E)—Eo{m n¢ exp(eATej 3)

After simplification and elimination afi. andE, So
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The dimensionless form of Continuity (2) and Paigs@quation (4) can be written as

gji= (- n) exp(¢) - —[n - exp(¢)]n ©
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where the normalized variables can be expressefgtas mVive = M andy = e , O
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andp are evaluated for the helium gas. The useful atetésting information can be obtained
from the above set of normalized fluid model equragi(5 - 7) if the proper boundary conditions

are applied. For example,

n— 0as — po,

floating potential can be written agn,

W — 0 asp — o
The floating potential is obtained by the balanteslectronic and ionic fluxes at the
surface of the droplet, which is assumed to betéatatp = po. The flux balance condition for

1\7ne = i§n5°> exp(e% j In normalized form,
4 4 T,

Ban=exp) for the calculation of floating potential.
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Fig. 1: Droplet floating potential obtained by saly Egs. (5 - 7) witlw = = 0.01.
The structure of dimensionless floating potentigh) (of droplet provides the range of
dimensionless droplet radiys, = 0.001 to 1, for the dynamic behavior of macrgscepecies
as shown in figure 1, which is decreased in thinaio.
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Fig. 2 (a, b): Dimensionless ion density and Eledield at the surface of droplet obtained by
solving Egs. (5 - 7) withu = = 0.01.

The dimensionless species density (& sharply decreased from the dimensionless sadiu
po = 0.001 to 0.1, which illustrates the evolutiondidtinct distributions of ionic species in this
domain. Corresponding, the dimensionless eleald fgo) is decreased from the higher to lower
values, which shows the strong dominance of oftidefeld near the surface of droplet. With the

calculation of these parameters for quasi-neusim gasy, =r KT, - Ao and,g A

m,v,v, o v

the range of the droplet radii is much less thandharacteristic lengthy. The droplet size is
expeced to be 1m or less by using the above mentioned parameters.
References

[1] R. Deloche, P. Monchicourt, M. Cheret, and Rnbert. High-pressure helium afterglow at room
temperature. Phys. Rev. A, 13(2), 1140 - 1176, MaA76.



