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Fig. 7. Accretion rates for plain Bondi-Hoyle-Lyttleton flow. The crossing time
corresponds to (yyy,



Hydrodynamic planetary wind

Pressure balance
with stellar wind

6 R, P ~ 10 picobar
Roche lobe radius
4.5 R,
Sonic point
2-4 R, Ting = 3000-10000 K
H, H*

Photoionization base ( T uv = 1) P ~ nanobar ~
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A disintegrating Super-Moon

Opacity must be due to grains
Coriolis force + stellar radiation
pressure creates trailing tail

Tail causes prolonged egress
Scattered light off head of “comet”
causes pre-ingress bump

Rappaport, Levine, EC+ 12
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Hydrodynamic model ()w

(1D) Mass, momentum, and energy. conservation
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Mass-loss history
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101' X X full model

»x | ttle orbital evolution from mass loss; in-situ formation possible
»x  (Catastrophic phase 1/1000 of lifetime

x  Observed in 1/150,000 stars: ~1/25 of stars could have a close-in super-Mercury

Perez-Becker + EC 2013



Photoevaporation of planet atmospheres

and the creation of the “Fulton gap”
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Figure 4. Left: distribution of planet radii and orbital periods. Right: same as left but with insolation flux relative to Earth on
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Galactic magnetic field (M51)

B-magnitude in microG
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We suppose that the field at the coronal base has an energy density greater than
the thermal energy density, so that an initially subsonic flow will follow the field-
lines. Gas starting at sufficiently low latitudes will reach the equator at points not
too far from the star, where the magnetic energy density is still larger than the
thermal. Even if there were no hot gas outside the region defined by the loop
ABA’ in Fig. 1, exerting an inward pressure, the gas within ABA’ would reach
equilibrium: a very slight denting of the field-lines would generate the discon-
tinuity in the magnetic pressure H2/8= that would balance the discontinuity in
thermal pressure. But gas expanding along field lines such as EC cannot reach
such a state of hydrostatic equilibrium. Before it has expanded far enough to reach
the equator, it will find that its pressure exceeds the magnetic pressure, so that it
will cease to flow along prescribed, nearly dipole field-lines: instead it will expand
more-or-less radially, dragging the field with it.

Mestel 65

The picture we arrive at finally is as in Fig. 1. There is a dead zone (1) in which
the closed, approximately dipolar field-loops hold in the gas and keep it rotating
with the star’s angular velocity Q. The density field p along each field-line is given
by the component of hydrostatic support along the field: assuming isothermality
with sound speed a,




“Pulsar wind nebula” in Crab Nebula




MHD model
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Magneto-rotational instability (MRI) / Hawley & Balbus 91
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MRI accretion

Turbulence and transport are consequences of
differential rotation and magnetism

The MRI is an effective dynamo: amplifies B
and even produces magnetic cycles (like on the Sun)

The flow is turbulent, not viscous.
Turbulence is a property of the flow;
viscosity is a property of the fluid.

An MRI-turbulent disk and a viscous accretion disk having
the same total alpha behave differently, especially in 3D



Hawley 2000
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3-D

Colors denote log density

Initially poloidal field



Hawley, Gammie, & Balbus 95
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[ magnetic forces turned off
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Orbits

FiG. 7—The Maxwell and Reynolds stresses in the fiducial run Z4 com-
pared with the Reynolds stress seen in a purely hydrodynamical simulation
that is initialized with data from model Z4 at tme ¢ = 7.5 Withoul magnetic
ficlds the net Reynolds stress vanishes within one orbal. The time senes are
boxcar smoothed on a timescale of 0.25 orbits.

Uniform vertical
background seed field
with plasma =400



Bai & Stone |3a

solid Maxwell / dashed Reynolds
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Volume
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How do disks accrete! Gravitational instability (Gl)

Rice+ 03
Spiral features revealed in SAO 206462’s dust disk

Muto+ |2
Circumstellar disk
Central star
(masked) Shi & EC 14
Cok Self-gravitating disks
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T .
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Size of Pluto’s orbit into trailing spirals
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0.5 arcsec 79 AU Goldreich & Lynden-Bell 63
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Elsasser numbers

unsteady

outflows?
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The Solar
Surface

>

~1000 km

Mantle convection

Neutrino-driven
convection in supernovae



Necessary criterion for K-H instability in Cartesian shear flow:

2
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Kelvin-Helmholtz (KH) Instability: =
Cartesian shear, if too strong, ’// ; A .
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stably stratified atmosphere .y . .
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Turbulent Cascade

Big whorls have little whorls,
which feed on their velocity.
Little whorls have lesser whorls,
and so on to viscosity.

Lewis Fry Richardson (cf. Jonathan Swift)
Oe/0f

“inertial range”

b

“outer scale
= energy
injection

Zinner gouter
“inner scale”
= energy dissipation (energy goes into heat)




