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Abstract. We carry out numerical simulation of accretion flows around
a black hole in presence of both viscous and coolifigots. Instead of
using a constant parameter throughout the simulation grid, we assume
thata is maximum on the equatorial plane and gradually goes dowimein
perpendicular direction We show that when the injectediseplerian flow
angular momentum is high enough @mdhe viscosity and also cooling is
high enough, Two Component Accretion Flow (TCAF) would beried,
otherwise the sub-Keplerian flow would remain sub-KepleridVe see
that a Keplerian disk is produced on the equatorial planeeTariations

of the total, Keplerian and Sub-Keplerian matter are stulidigh respect to
various flow parameters.
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1. Introduction

There are variety of astrophysical situations in which oxygeets to find matter ac-
creting onto a black hole. Most of the popular studies in etoan disks consider
steady-state situations (Bondi 1952; Shakura & Sunyae®d;18évikov & Thorne
1973; Chakrabarti 1989, hereafter C89; Narayan & Yi 1994;zieski 1998) i.e.
where things are not changing with time. The first numeritinapt to study the
behaviour of matter around black holes was made nearly tteeades ago (Hawley,
Smarr & Wilson, 1983). Chakrabarti & Molteni (1993) presshtesults of numer-
ical simulations of thin accretion disks and winds. The n®ghificant conclusion
was that shocks in an inviscid flow (C89) were extremely staMolteni, Sponholz
& Chakrabarti (1995) extended their earlier numerical $ation of accretion disks
with shock waves when coolingfect are also included. Chakrabarti & Titarchuk
(1995, hereafter CT95) proposed that the spectral praseatie better understood if
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the disk solutions of sub-Keplerian flows are included alait the Keplerian flows
which is known as two component accretion flows (TCAF). In TC#he viscous Ke-
plerian disk resides in the equatorial plane, while the Wwewgiscous sub-Keplerian
flow flanks the Keplerian component both above and below thategial plane. The
two components merge into a single component when the Kapldisk also become
sub-Keplerian. In this paper, we have shown tifea of power law cooling as well
as the turbulent viscosity in the accretion flows towardsalkhole with time de-
pendent simulation. We found TCAF which was assumed in C$@btained in our
numerical simulation.

2. Mode equations and methodology

The basic equations describing a two-dimensional axisymmeriaviscid flow around
a Schwarzschild black hole can be described as Giri et allQRO0The self-gravity
of the accreting matter is ignored. Cylindrical coordirsateg, 2) is adopted with the
z-axis being the rotation axis of the disk. The equationseguwng the viscous flow
have been presented in Giri & Chakrabarti (2012). We haverjpuarated a cooling
in the energy equation in with a volumetric power law cooliate A powcool o p>T7,
where, is the cooling index which is an arbitrary constant. In thegent work,
instead of using the constant viscous paramefer the wholex—z plane, we choose
a smooth the distribution as,

& = Crmex - [am(é)ﬁl, (1)

where,rmax = 2000 < z < 200 ands > 0. In our cases, we have chosgn 1.5.

If turbulence is the major source of viscosity, then, chedrwill be highest on the
equatorial plane. We also assume that the gravitational fiEthe black hole can
be described by Pacagki & Wiita (1980). All the simulations have been carried
out assuming a stellar mass black hdle £ 10M.). We carry out the simulations for
several hundreds of dynamical time-scales. In realitysouulation time corresponds
to a few ten seconds in physical units.

3. Resultsand discussions

We assume the flow to be in vertical equilibrium (C89) at theeoboundary. The in-
jection rate of the momentum density is kept uniform thraugthe injected height
at the outer edge. We inject through all grids. We stop theikition att = 94.86

seconds. This is more than two hundred times the dynaminal fr hus, the solution
has most certainly come out of the transient regime andestarthibiting solutions
of steady state. In Fig. 1a, we show the velocity and densstyildution of the flow

without viscosity and cooling and in Fig. 1b we show flow witlsaosity and cool-
ing. Here, for both the cases, the specific angular momentyim (1.7 and specific
energy £) = 0.001. We have takeamx = 0.012 ands = 0.6 for the later case. All
the density distributions are taken in logarithmic scateFig. 1(c-d), we show the
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Figure 1. Distribution of () density and velocityi{) temperature distributions at= 95s
(a)(c) without and (b)d) the inclusion of viscosity and cooling. Densities amtperatures in
normalized units are plotted in logarithmic scale as in ttadeson the right. A two component
flow is clearly formed in (b) and (d). The color scales for edidtributions are shown at the
thin rectangular boxes

temperature distributions in keV in logarithmic scale. e tabsence of cooling and
viscosity, in Fig. 1a & 1c, the single component sub-Kejleflow forms. Physically,
a viscous heating increase post-shock pressure and alspards angular momentum
faster. As a result the Rankine-Hugoniot condition is §fiatisaway from the black
hole. Cooling, on the other hand, reduces the post-shodspre. In Fig. 1b & 1d,
because of higher viscosity, flows have the Keplerian distibn near the equatorial
region. Because of coolingfects, the region with a Keplerian distribution is cooler
and denser. Comparatively low dense sub-Keplerian ma#gs away from the equa-
torial plane. For both the cases, the Centrifugal Pressuyppasted BOundary Layer
(CENBOL) forms. Thus the flows having Siciently high viscosity on the equatorial
plane and low viscosity above and below, produces a TCAF evadfeplerian disk
is surrounded by a rapidly moving sub-Keplerian halo. Inigiesting to study the
time variations of Keplerian matteMep), sub-Keplerian matterMsuokep) and the
total matter M) in the system. In Fig. 2, we have shown the time variationstai
(Mtat), Keplerian Myep) and sub-KeplerianMsuokep) Matter of the flow with viscos-
ity and cooling. The solid curve represent the total matfehe system with time,
while dotted and dashed curve represent the variation ofeii@p and sub-Keplerian
matter respectively. Thus, we see that viscosity and cogilays an important role
in the time variations of Keplerian and sub-Keplerian matte the system.
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Figure 2. Time variations of the Total, Keplerian, sub-Keplerian aod flowing matter in the
system. See text for details.
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