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Abstract: Accretion disks have been investigated intensively these years. A large fraction
of previous works analytically investigate the disk properties. Analytical method is very
simple. But it can not investigate some important properties of accretion disks such as
convection and outflow. Simulations is very important for astrophysical research. With
the development of computer science, simulations become more and more important. In
this thesis, we mainly use simulations to investigate some important process in accretion
disks. In Chap. 1, we first briefly introduce the circumstance in which black hole accretion
system resides. Advection-dominated accretion flow and luminous hot accretion flow (LHAF)
are basis of this thesis. We introduce the dynamical properties of ADAF, especially the
convective instability in ADAF. Then we introduce the radiation of ADAF. Finally, we
briefly introduce the properties of LHAF. In Chap. 2, we investigate the effects of radiation
on the properties of hot accretion flow. The important finding of previous simulations of
hot accretion flow is that ADAF is convectively unstable. Only a small fraction of the
gas captured by accretion flow at outer boundary can finally fall onto the black hole, the
rest circulates in convective eddies. Accretion rate decreases with decreasing radius. The
accretion rate profile has important implications for the radiation we observed. Accretion
rate profile also determines the growth of black hole and the evolution of black hole spin.
The previous simulations of hot accretion flow did not consider radiation at all. In reality,
radiation is very important when accretion rate is high. We investigate the convective
instability of high accretion rate hot accretion flow (LHAF) in Chap. 2. We find LHAFs
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is still convectively unstable, although radiation cooling rate is bigger than viscous heating
rate. For LHAF, accretion rate also decreases with decreasing radius. For dilute plasma
with electron mean free path much larger than gyroradius, thermal conduction is important
and along magnetic field lines. When temperature increases in the direction of gravity, the
plasma subjects to magnetothermal instability (MTI). MTI can amplify magnetic field and
make field lines align with temperature gradient. For ADAF, the accretion rate is very
low and the gas density is very small. Thus, MTI should exist in ADAF. In addition,
magnetorotational instability (MRI) exists in accretion flow. We investigate MTI and MRI
in accretion flow. We find both the radial component and the toroidal component of the
field can be amplified by a factor of 10 by MTI. MRI only amplifies the toroidal component
by a factor of 10. In principle, viscosity is Maxwell stress. When MTI amplifies magnetic
field, viscosity is enhanced by a factor of 10. We find MTT induced Reynolds stress can
transport angular momentum. In Chap. 4, we investigate the influence of outflow and large
scale magnetic field on the dynamics of inflow in self-similar approach. In previous works,
when consider outflow, they just simply assume accretion rate is a function of radius. When
the specific angular momentum of outflow is different from that of inflow, outflow will take
away or deposit angular momentum. When the specific internal energy of outflow is different
from that of inflow, outflow will heat or cool inflow. We also take into account the effects of
large scale magnetic field. We present in Chap. 5 a very brief discussion of conceived future

researches related to this thesis.



