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Angular Momentum Transport In
Accretion Disks
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Local Analysis of the Hydrodynamic
Instability
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Equilibrium Shear Flow
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3D Simulation Model
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Results of 3D Hydrodynamic
Simulation
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Effects of Vertical Gravity

Entropy dS/dz <0 — Convectively Unstable
Linear Analysis (Ryu and Goodman 1992)
Angular Momentum is Transported Inward
3D Hydro-Simulation (Lesur and Ogilvie 2010)

Outward Transport Is

Possible o ~0O(104)
Ra = —N-°L*/yv
Ri=—N?/8?

N:Brunt-Vaisala Frequency |

Linear Analysis including
Radial Entropy Gradient
(Volponi 2010)
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Global 3D Hydrodynamic Simulations of
Differentially Rotating Torus
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Non-axisymmetric (m=1) mode
known as Papaloizou-Pringle
Instability grows but does not
develop into turbulence




Magneto-Rotational Instability
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Linear Growth Rate of MRI
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Maximum growth rate is (3/4)Q when kiva=(15/16)12Q
MRI grows In time scale of rotation



3D MHD Simulation of MRI
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Convergence Problem
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Global 3D MHD Simulation of
Differentially Rotating Torus

After 10rotation
200*64*240 grid points

Matsumoto 1999

Initial Condition
ﬁ = Pgas/Pmag:].OO



Dependence on the Initial
Magnetic Field Strength
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Formation of Buoyantly Rising Loops
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Global 3D MHD Simulations of
Black Hole Accretion Flows

T= 26350

Initial state t=26350

Machida et al. 2003



How a Black Hole Looks Like ?

J. Fukue 1988

Inclination 5

Calculated by M. Burs?



Mag netic Energy
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Amplification of Magnetic Energy
and Angular Momentum Transport

Magnetic Energy
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Formation of Outflows

t= 29500

Isosurface of vz=0.05c Magnetic field lines and
azimuthal magnetic field

Machida et al. 2008
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« HLLD Scheme (Miyoshi and Kusano 2005)
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Butterfly Diagram
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Optical image of sunspots
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State Transition by Cooling
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