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Introduction Self-consistent solution of the RTE with kinetics Multi-Planckian approach

In typical laboratory plasma (LPP, z-pinch) its key characteristic —
states population — is mostly defined by radiation field and collisional
processes. The latter factor can be considered local for the majority
of typical cases and effectively described by temperature. The
radiation field on the other hand is not a local characteristic but
defined by plasma surroundings. Taking it correctly into account in
RHD simulation is important in order to obtain plausible results
especially at pre-expansion stage. —L = —k,l,

Out of three temperatures T, = T, T, is considered independent,
additionally the dilution factor a is introduced to take into
account the finiteness of plasma. Thus the spectral density of
energy for radiation field:
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In RHD simulation the local dilution factor @ is defined as
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where U, is the solution of radiation transport equation, U} — spectral radiation temperature T, and dilution factor o. Appropriate

energy density for optically thick case. Once the € is calculated, plasma interpolation is used for local (:5' r,T, &)-
characteristics are obtained via relation

Simulation task #1 fo fOx(1=&)+ flixé,

e Self-consistent solution of the radiation transport equation with
kinetics [2].

| Z Simulation task #2
QI(;J.r?Aréulm bull}(\t_a;gce)’é focal soot 576 s . / \\ where f — mean charge, mass absorption coefficient, etc.; index 0
. aser { 0 um), focal spo Hm, 5 : corresponds to optically thin case and index 1 — optically thick case. :
incident angle 45°, E,, =40 mJ, lyya = 0.35 TW/cm?. 3¢/ \ Aluminum plasma, 1D flat geometry.
2D (r, z) RHD simulation [3] provides density and Y \| Plotdesignations: | o Photoionization of outer rarefied layers by thermal
temperature profiles (r _ O) ) Cons. sim. — self-consistent solution of the RTE with kinetics; radiation of inner hot dense plasma core.

Multi-Planckian — multi-Planckian approach;

RTE is then solved in 1D flat | ayer geom etry. Time, ns Esc. fac. — escape-factor interpolation (in these cases between LTE and transparent plasma approximation);
LTE —single approximation, LTE.
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In all of these calculations the transparent plasma approximation produced results
almost identical to those of the escape-factor interpolation and has been omitted conCI usio ns

from the plots to preserve clarity. _ o _ _ _ _
 Asone can see from the figures, the local radiation field in these cases is far from Planckian form

Acknow|edgement5; both qualitatively and quantitatively. And in order to obtain adequate results RHD simulation this

The reported study was funded by RFBR, project number 20-01-00485. fact needs to be accounted for.
The calculations were performed on the hybrid supercomputers K-60 and K-100 installed © The Multi-Planckian approach seems to be the closest one to the self-consistent solution — it
in the Supercomputer Centre of Collective Usage of KIAM RAS and “MVS-10P” (JSCC RAS). produces low discrepancy for the mean charge and acceptable deviations in spectral features.

e The escape-factor interpolation provides reasonable fluxes, but generally fails to reproduce mean
References: charge of the plasma. The reasons behind this require more thorough analysis.
1. V.G. Novikov and A.D. Solomyannaya, “Spectral characteristics of plasma consistent with radiation,” TVT, vol. 36, no. 6, pp. 835-841, 1998. e S|ng|e LTE approximation seems to be the most inapplicab|e for the Se|ected SimU|atiOn cases,

2. LY. Vichey, D.A. Kim, A.D. Solomyannaya, and A.S. Grushin, “THERMOS: Consistent solution of the radiation transport equation with level . . . . .
(inetics in simple geometrics” KIAM Prepr, no. 56, 2020, DOI:10.20948/prepr-2020-56. although the single transparent plasma approximation showed results almost identical to the

3. V.A. Gasilov, AY. Krukovskiy, V.G. Novikov, 1.V. Romanov and I.P. Tsygvintsev, “Numerical modeling of current flow in a vacuum diode with esca pe—fa ctor method.
laser ignition”, KIAM Prepr., no. 78, 2013.



	THERMOS Toolkit:�taking into account non-equilibrium plasma effects in RHD calculations

