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Use temperature

#i# —#—Makefile—%-
### Makefile for modular pencil code —— local part
### Included by “Makefile'

HH#

MPLICOMM = mpicomm

HYDRO =  hydro

DENSITY = density

ENTROPY = temperature_ionization
MAGHETIC = magnetic

RADIATION = radiation_ray

EOS = eos_temperature_ionization
SHOCK =  shock

FORCING = forcing

GRAYLTY = gravity_simple

REAL _ PREEISIDN = double



Useful units,
etc

M -*-f36-*- {for Emacs)

|
I Corvection in wertically stratified atmospheressolar cor
| Initialisation parameters
|
tinit_pars
cuwsid="$Id: start,in,w 1,1 2014707703 07134417 palwi Exg
unit_length-1e8. unit_velocity-leh, unit_density-1el. ur
wygzl=—2,.-2,, 0.0
wyzl= 2,0 2., 9.0
lperi= T. T. F
lurite_aux-T
lurite_ic-F

vimizet filetype=fortran: i

teos_init_pars
lzz_as_aux=T, lpp_as_aux=T. lcp_as_aux-T, locw_as_aux=T,
xHe=0,1, yMetals-le-4
I THminus_opacity_correction=T
Ilconst_yH=T, yH_const=,99

thydro_init_pars

kdensity_init_pars
initlhrho="exp_zbot ', rho_left=2e-3, Hrho-d,

torav_init_pars
grave_profile='const', grave——274,

tentropy_init_pars

gmagnetic_init_pars

tradiation_init_pars

be_rad-'pip', 'prp', 'S0

radx=0, rady=-0, radz=1, rad?max-1
opacity_type-"Hminusz', scalefactor_kappa-le-h

i for Emacs) vimizet filetype=fortran:

M -*-fa0-*-
|

I C

I Bun parameters
|

Erun_pars
cuvsid="$¥Id: run,in.w 1,1 201407703 07134112 palvi Exp §'
mb=5000000, itl-#0, isave-10, itorder-3, cdt=,7
dznap=50, , dvid=100,
iz=100
boz = '='L'e' At Al a2 e e A e
lurite_aux=T

&e0s_run_pars
IHminuz_opacity_correction=T

&hydro_run_pars
tdamp=1,1
dampu=10,10
ldamp_fade=T

tdensity_run_pars

Ireinitialize_lnrho=F, initlhrho-'rescale’, rescale_rho=1,038
Tupw_Intho=T

&forcing_run_pars
Goray_run_pars

Gentropy_run_pars
chi=le-&
Tupw_InTT=T

Emaghetic_run_pars
irezisztivity-'eta—conzt', 'eta-shock’
lweyl _gauge-F

eta-le-2, eta_shock-5,
vaZmax_jxb=2500, , vaZpower_jxb=d

tradiation_run_pars
&vizcosity_run_pars
ivizc='nu-const', 'nu-shock

nu-1le-2,. nu_shock=5,

tzhock _run_pars

lshock_first=F

(for wim)

onvection in wertically stratified atmospheressolar convection zone

les_az_aux-T, lpp_asz_aux-T, lop_as_auwx-T, lov_as_aux=T, logamma_az_aux-T

1.1

All
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Basic equations

-V - u,
—Vip+o)+pg+JdxB+V-(200S),
-V - Frad + 2;"}1’52;

u x B +nV?A,



Working with temperature

R Y=0.24: mass fract

p = —T’o? R — kB/Tnfu Xpe=0.08: vol fract
2

(e, T) = py /(1 + yu + The)

py =1/(1=Y), Y =1/(1+1/4zy.)

T— =p— +pV -u = pc, T LA v
Y th+p w= Pl Dt * ) v

Ds De (DIHT ~v—1 )



Pressure gradient

(Vlnp+5VlnT)

¢ = yp/pa

a=(0lnp/0lnp)r

= (Olnp/0InT),
¢, = (0e/0T),
cy = (0e/0T),

V= Cp/C



Saha equation

22 . —3/2 _
Yn _ Pe [ XH exp [ — XH
1 — YH P I'{:BT f{:BT

Yu = 13.6eV

Pe — .~£‘5Yi"ﬂ”f1_1(i‘rne)‘CII/Qﬂ'hg)W2

Opacity: either Kramers or Hminus
k= kop*T?

| 3/2 |
P XH- XH-
k= Koy +xz)( y“)pe_ (k:BT) SXP (k:BT)

XH- — 0.754 BV, Ko = JI[—/4THUI|U,}/}
op- =4 x 10 em?, xy =101

Pe— = KLY i"’”u(r"?rlne')‘ﬂl— /QWEQ)SXQ

7



Thermodynamic coefficients

D R
o= (548

[
3 R
Cp = (— + A,L,Bﬁ) —
2 p
a=A,/A,,
5 =1+ A,B,
where:
yu(l —yu) 5  XxH
— . _B —_— + _:,
A (2 — yu)rHe + 2 P9 ' kT
yu(l —yu) 3 XxH
Ay = : By = -+ ——
(2—yu)(1 + yu + The) 2 kgT



Run parameters

g=274km?*s 2Mm ! =2.74 x 10* cm 52
a=1,b=0, kg = 10° Mm ™' em? g1
v=n=10"Mmkms~ ! (10'°cm?s™1)

R =1Mm, By = 1kG.

suction: Q_)) _ d)oﬁ_[mﬂ_i_(z_z“}?]fﬁﬂz

Run opacity 2 b0 p(z0) max|u,|
F3 (1,0) 3 3x1077 1 1.1
K3a  (1,0) 3 3x1077 1 45
K3b  (1,0) 3 3x107* 1 40

H10 H- 10 3x1072 0.07 15



With/without 1onization
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Different bottom density
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Suction In action
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Temperature profils
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Velocity evolution
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Evolution of thermodynamic coeffients
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Carries stuff with it...
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Same with Hminus

X

=~

X

=

1x10° T
8x10%}
Bx10%}

4x10*}

2x10%}
1000.0  100.0 10.0 1.0 0.1
T
1x10°T '
8x10*F .
leﬂ":— —
4x10*F RN -
2x10* - N o]

0 2 4 6 8 10 12 14
z [Mm]

Stably stratified deeper parts...



