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FORMULATION OF PROBLEM THE MODEL EQUATIONS NUMERICAL MODELLING

> The main problems of coronal physics are the coronal > We consider 3-fluid system, immersed into electric and > The code used for our modelling 1s a multi-dimensional
heating and the acceleration of the solar wind magnetic fields parallel solver of systems of hyperbolic differential
> Existing models of this phenomenon are based on > We take into account the effects of collisional ionization equations on an arbitrary Cartesian grid.

magnetic field line reconnection, wave heating and and recombination. > It has already been configured to solve the systems of

velocity filtration hydrodynamic, magneto-hydrodynamic and two-fluid

> These models consider the corona, while the

5 magneto-hydrodynamic (ions + neutrals) equations.
chromosphere can determine the processes, which drive the e +V (neﬁe)

> We modified the system of equations to include the

physical phenomena, taking place in coronal region

. - continuity and momentum equations for electron
> VAL-C models for Quiet Sun demonstrate, that collision

plasma component, as described in the previous section.
on _ : : . .
Moreover, Fig. 1b shows, that the ionization rate of gas (,;; + V - (7%71,) — (K ion — KK mc)nnni, (2) > One-dimensional semi-empirical models by Fontenla

et al. (2009), Fontenla (2005), and Hudson (2007) are used

rates remain high in chromospheric region (Fig.1a).

remains very low, up to the beginning of TR

> Reconnection models are not applicable to this region as plane-parallel initial plasma configuration for tests.

on., T > At current state of work we make tests, performing 1000
\ Frequencies Dimensionless parameters gt I v ) (nn Vn) — (_K’LOTL —I_ K?“BC)nnnEi) (3) p g
" S M e time steps with dt=0.00000092s, and obtain rather small
o Bl AT o L change in proton abundance and we validate the operation of
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the code
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Fig.1. Various plasma parameters in VAL-C model (courtesy of H.Hudson [1]). 7 ; ? \ F
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>The 1deal MHD models consider fully ionized media, do
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the chromosphere

not take into account important phenomena, taking place in 87
M1 ( -

>For 1llustration, we present an analysis of the data of :
simulation of Abbett et al., (see Fig.2) near temperature —Mm;N;go + en; (ﬁ = % i X ﬁ} )

minimum region [2]. One can see, that T X ﬁ results the
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enormously high electric field
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>With finite conductivity physical processes are very far ﬁ Vil -
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W a e 1 “Pe A ar A o O . Fig.5. The chromospheric initial model, used for simulations: altitude profiles
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Fig.2. 3D MHD simulations near temperature minimum by Abbett et al. From left

to right: velocity, magnetic field, resulting electric field. INSTE AD OF C ONCLUSION
5 (Mg VE +nel + gneT)

> At this point, we are testing the code to be capable to

lve th t f t1 1)-(9
WHAT SHOULD BE ADDED? +9 - ([25VE el £ §n L] Ve +7) o
. > As the next step, we plan to model TR and the region of
— n eﬁ? + Q) + v (—a ( ? — v ) high 1onization to study the role of the electric field for
> Dynamics of the ch here is determined by | ‘ ) oo e o
namics of the chromosphere is determine ions, . . .
4 P 4 v v processes of coronal heating and solar wind acceleration .
neutrals and electrons —Ozie( - = z) — 50n€VT€), (7)
> The effects of 1on1zation and recombination should be
properly described
> Observations and remote r g ((min,V7: | 3 p \V, 7 m;n;V? | 5 P \ REFERENCES
| | i s (TE b))+ Ve (Vi |5+ 3R
sensing of chromosphere by .| x /
means of spectroscopy (IRIS. 5 | g fon s =Q —aipn Vi(Vy — v"n) — e ViV = ve) [1]. Hudson, H. Chromospheric flares, The Physics of
HINODE inly based £ |, ¢ . .
) are mainly base 5 L% C min V2 min; V2 Chromosphic Plasmas. ASP Conference Series, Vol. 368,
on the information about Rt | 5 KionTy — 5 Korechin, (8) 5007
minor ions (Fig.3). o .
> Minor ions do not h Wah [2]. Abbett, W.P. et al. The photospheric boundary of Sun-to-
inor 1ons do not have an =~ wildwel it it 00y
influence on macroscopic Wi, i il st miipall = 2 \ Earth coupled models. Journal of Atmospheric and Solar-
' | 0 MmnpNn VvV, 3 MnpNn VvV, 5
. i ( - T ah n) +V (771 { - T2 h n] ) Terrestrial Physics, V. 66, Issue 15-16, p. 1257-1270, 2004,
dynamlcs, SO they can be Fig.3. Temperature profile and typical . .
included into a description emission lines of TR. L0, v\ (V> B 7 ) o V> (‘/}n B ve) > Abbett, W.P. The magnetic connection between the
e m n n 1 1€ n . . .
sufficiently simpler, as 'impurities’ convection zone and corona in the Quiet Sun. ApJ, V.663, pp.
2 2
> [t is important to take into account their heating, as it was — m”gnvi Kionmi m”g'"’v”; Kiyecn, (9) 1469-1488, 2007.
shown, that they are heated significantly stronger, than e / m [3]. Kohl, J.L. et al. Ultraviolet spectroscopy of solar
comparatively to protons (Kohl et al. 2005), and this is not energetic particle source regions. Solar Physics and Space
explained by any model (see Fig.3.) > For minor 1ons we apply simplified consideration: Weather Instrumentation. Proceedings of the SPIE, V. 5901,
- o R N pp. 262-272, 2005.
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