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We present slobal 3D MHD simulations of disks of gas -
and solids, developing models that ¢an be used 1o shudy PR
carious scenanos of planet formation in turbulent ac- o
B ction disks. We employ the PENCIL CODE, a high- A
order tinite-difference particle-mesh code using Carte- Rdan
e | sian coondinates. These “disk-in-a-box™ models sustain
P MHD turbulence, in good agreement with |‘uh'h-.]n\.i 1 g -
' ts achievesd with evlindrical codes, We investigate the e o £
dependence of the magnetorotational instability on disk Lt e '
wale height, finding evidence that the resulting turbulent  FEEEES 2 ;
| . | \ o
tresses ddepend on temperature. We also study the dy- B Denity contours at selected planes sadl, yell, and se0 on saturated tur- . m?ﬂmﬂlln&dp:lﬂmjﬂhﬂug:;m “;:: phases of the disk (left
namics of solids in the hydromagnetic turbulence. The R bulent state for sound profiles of e, = 0.05 (model A, deft panell | | 4 '-'ﬂ'ﬂlh“;:l‘t:w“ﬂh! mﬂu: I‘I;uif\\hh were taken
vertical turbulent diffusion of the embedded boulders s PR and e, & 0,30 (model CLnight The stronger stresses for the hot- { the solid phase is selected to e ”1 , F"'ﬂ““ The color code for
comparable to the turbulent viscosity of the How. Signils % S| wer case Bead w0 & much mone turbulent viscosity, as seen from bulk dersity of 008, The represent mmﬂ;h‘ﬁ::h‘hruﬂ -
icant overdensities arise in the solid component as bouls : the steep density profile resulting from accretion. The vertical planes ane Jersity is order of '-'I“lrhl "'"A . “;1" maximum F
ders concentrate in high pressure regions, g stretched to show more detail than the cormect aspect ratio would allow seen, since the bright clumps of solids W':;m p:. m‘h- y B
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Problem Setup
We maodel the turbulent disks as specified below: | The models ran and their respective outcomes are specified | ?ﬂ'
¢ Cartesian unform grsd centerad in the star e " A in the table below . -. ;
£ ' ,' &
o "hyvsical Domann : Radius(s) = 04 - 2.5, f_‘ =05 =4 ,I:
:-"; L R S A A e X L
e 1 o Lylindncal gr avitational ]'u,'-:ﬁq,h,ﬂ = GM/s e -m--l St .3
: e = 8L RORTRTY i, .t N '
o Locally isothermal equation of state: T = .J_'_,-‘.i':- et e -_:;-1'.“&_._;..' = e e o
| T T YT I T e —— : i
> o Resolution r, y, :=320x320x N, e oMolomrEmE T e e e be m on 3
bt i . . - - " i ::::_:::;::" l&!l-:h.r:::,-l.'.
* Hyper (67 order) and Shock-Capturing Dissipation Shat e b n o S B Nmle e

o Simulation over 100 dynamical times

II he conversion to physical units is provided below,

Table 1 Uownversion betwoen oode and phvsical wnits
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o The results are summarized as follows:

* The turbulence generated by the magnetorotational in- |
stability grows with the thermal pressure.  The tur-
bulent stresses depend on thermal pressure obeying a |
power law of 0.4 = 0.0, ' :

e The ratio of stresses M/ diminished with in-
temperature. It is 5 for model A, and st 1.3 8 ‘

tor madel C. It is 6.5 for model A2 and very close to | [
for model C2. This effect is unexpected since it is be- | T
lieved that the shear parameter alone controls the ratio 0 & I
of stresses. ?

® In treating the solids, we make use of a large number
of particles, monitoring their settling toward the mid- |8
plane and the formation of a sedimentary Laiver when |
the solids are subject to gas drag and the gravity from

Wﬂuﬂhhﬁmyﬂmﬁd partiches normalized by the mid- |
A -
ph-:n; wmmmmm

R
o

}
L
i o

the central object  The effective diffusion provided |0 0 *
by the turbulence prevents further settling. The mea- J
sured scale h“. chis impllv turbulent vertical diffusion T ;
: — | ! cocfhicents with globally averaged Schoudt numbers of |
ki S DA 1.0£0.2 for model A (o = 10°*) and 0.78 £ 0.06 fie model | ‘
and vertally averaged tarbealent viwosity 1y hurbulens Do =~ 10-%) .
: The resulzing Sshmi mumber Sc as 2 fanson of redsal £

¢ The average bulk density of the solids i quite kow
(A =0.003, or 6.0 x 10° ' g con™? in phywical units, see Ta-
ble 1 for conversion), but very dense dlusters of solids
are seen trapped in the high pressure regicons of the tur-

ard diffusion are shown in the s wnits

v el
: b bulent flow. In these arvas, the solids-togas ratio s |
- . raised by 4 orders of magnitude with sespexct to the ini- f :
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