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Abstract. We study the viscous advective accretion disc around non-
rotating black holes with variable adiabatic index. In thigdy we have
developed all possible global accretion solutions e.g.dBtype, smooth
and shocked solutions with and with out viscosity with nagécies fluids
and as well as standing shock parameter space with and witlsmosity

for different composition parameter.
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1. Introduction

Accretion onto black holes is the most favoured model to @rduminosities, vari-
abilities and mass ejections from AGNs and microquasarsréfare, understanding
the physics of accretion is of paramount importance. PuBelydi flow onto a black
hole (Bondi 1952) is of low luminosity, and Keplerian disoguces high luminosity
(Shakura & Sunyaev 1973) but cannot account for non-therathhtion. The ad-
vective model and two component accretion flow model (TCAF)dkrabarti 1989;
Chakrabarti & Titarchuk 1995; Chakrabarti 1999) can qa#liely explain the obser-
vations from black hole candidates in all frequency rangeweéter, most of these
works were done with fixell (adiabatic index) equation of state (EoS). A black hole
accretion from infinity to horizon cannot be described by a&dik EoS, since for
ultra-relativistic temperaturd{) the flow is described bl = 4/3, for non-relativistic
TitisT = 5/3, and generally it will be B3 > I" > 4/3. Inviscid accretion models with
relativistic EoS and in general relativistic regime, wengpdoyed by various authors
(Fukue 1987; Chattopadhyay 2008; Chattopadhyay & Ryu 20b@ttopadhyay &
Chakrabarti 2011; Kumar et al. 2013). The temperature rahgee advective accre-
tion flow is 1FK < T < 10K, which warrants the fluid to be at least fully ionized.
This means that such a flow if composed of similar kind of p&e$, then it should
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be electron-positron fluide{ — €*), since a fluid composed of oppositely charged free
protons or other heavier particles is a physical improlitgbirhese authors have also
shown that fluids composed of dissimilar particlesday.,electron-protoné™ — p*)
show highly energetic phenomena like shock in accretionvéder, Chattopadhyay
(2008) showed that™ — e is much colder and much less relativistic than any fluid
composed of dissimilar particles. In fact they showed titabaghe™ — p* is much
hotter and thermally much more relativistic themn- €*, but the most relativistic fluid

is the one with proton proportion 20% of electron number density.

In this paper, we employ Newtonian equations of motion wilativistic EoS,
and the properties of Schwarzschild metric will be mimickgdhe pseudo-Newtonian
(hereafter, PW) potential (Padzski & Wiita 1980). We study viscous accretion flow
with relativistic EoS around black holes and show that sbattkform in a significant
range of boundary conditions. In the next section, we ptaberequations and in the
last section we present the solutions and the discussion.

2. EoS and accretion model with multispecies fluids

We consider steady state, viscous, rotating and axis syritaetretion disc around a
Schwarzschild black hole. The hydrodynamic Navier-Stakeagion for an accretion
disc in cylindrical co-ordinater(¢, 2) is written as: The radial momentum equation
dv 1dp A2 1

car @ ropoe© @)

’dr
the angular momentum distribution equation
da 1 d(r®w,
— 4 _M — 0,
dr  Zor dr

and thez component is assumed to be in hydrostatic equilibrium anesgihe local
disc half heightH = 2(r — 1) /@r/f. The integrated continuity equation is written as

2

M = 2nXur, 3

where M is the mass accretion rate of the flow ahe 2pH is the vertically integrated
density. Other local flow variablas p, A andp are fluid velocity, thermal pressure,
specific angular momentum and density of the flow, respdytiVé, = Zvr(dQ/dr)

is r¢— component of viscous stress tensor and ea?/(I'Qk), wherea, Q, andQyx
are local sound speed, local angular velocity, and locallé¢em angular velocity,
respectively. The unit of distancelig = 2GMgy/c? = 1, unit of timet, = r,/c = 1
and unit of mass is the black hole madsy = 1. The entropy generation equation,

de pdo) _
Ev(dr pzdr)_Q Q’ (4)
whereeis specific energy density. His the energy density them = e/p. Here,
QF = W,2¢/n andQ~ are heating and cooling term, but we consider only the hgatin
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term. The isotropic pressurp)(and mass density) are defined as
P=2n.kT and p=nemi, (5)

where = (2— &+ &/n), € = np-/ne- is ratio of proton number density to the electron
number densityy = me-/my- is ratio of electron mass to proton makss Boltzmann
constant and is temperature of the flow. EoS for multispecies fluids whighave
used is given by (Chattopadhyay 2008; Chattopadhyay & RY90

€ = Ne-Me-C* 1, (6)

(o 90 + 3 } 90 + 3/n
f=(2 f)[1+®(3®+2) +§[n+®(—3®+2/n)}. (7

Here,® = kT/(mc?) is the dimensionless temperature of the flow. Hemeec?f /1.
The enthalpy of the flow is defined as

=(e+p)/p=(f +20)/L (8

Now integrating Eq.(1) with the help of Egs.(2-4, 8), we get

where,

v? 2 A 1
E==+h-—=+— - ——
2 "Nt Ty
and is known as specific grand energy of the flow (Gu & Lu 20()is constant
through out the flow even in presence of viscosity. PuttindSRH Eq. (4) as zero,
and integrating it with the help of Egs.(5-8), we obtain tdebatic equation of state,

9)

p = K expks) @¥%(30 + 2)(30 + 2/n)*2, where = adiabatic constant (10)

Here ki = 3(2—¢)/4, ko = 3¢/4, andks = (f —)/(20). Using equations (3) and (10),
we can define entropy accretion rafe{) as

- M _H explks) rO%2(30 + 2)(30 + 2/n). (11)
4n K

M s also a constant for inviscid multispecies relativistiol Simplifying Eq. (4) by
using Eq. (3), we have

de 1 20dv 3@ 20 fv 2
@ T TEN+D| o T tror iyttt (12)

And Eqg. (1) gives velocity gradient equation as

5r-3 (A-10)* 1
dv _ 1) *+ mome * r3 Ty N (13)
dar p_ @ 2 D
v I'+1

Accretion onto a black hole is transonic, because supersomér boundary and sub-
sonic outer boundary. Therefore, at certain distakice 0 andD = 0, this gives the
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Figure 1. We plot Mach numberNl = v/a) with log(r) for different viscosity parametett).
The solutions for parameter&,(1,) = (1.001 1.45) (a-d), E,1,) = (1.0011.55) (e-h),
(E, 1) = (1.004 1.65) (i-l), and E, 1) = (1.004 1.65) (m-p). Viscosity parameter, increases
towards right, ang = 1.0 for all the plots. The vertical dash-dotted line indicdte $onic point
of the flow and solid lines are accretion solutions.

sonic point conditions.

Shock Conditions : The Rankine-Hugoniot shock conditions are obtained from co
servation of mass fluxNl] = 0, momentum flux\V + £v2] = 0 and energy flux
[E] = 0. The shock front is infinitesimally thin, so we assume thtdr is continu-
ous across the shock, the angular momentum jump conditmintégned by consider-
ing the conservation of flux across the shock. The jump conditions are,

Co + VCCZ)_BG‘/f coa2 45O v? h 2 A2
V- = 2 B /l——/10+ﬁ, and, ( )—E"' __2_[‘%_?_(:1.
(14)

Here,co = (20, /T +v2) /vy, ¢ = v2/2+h, — 22 /(2r2) + A, 20/r? andc, = v, T, (1, —
Ao)/@2. Subscripts and— denote the post- and pre-shock variables, respectively.

3. Solutions and discussions

Due to the coordinate singularity on the horizon, we havestorate the flow vari-
ables close to the horizon, whichrig = 1.1. Since after integration Eq. (2) remains
a first order diferential, so we can expand it by Frobenius expansionfigrabout

r =1 (Becker & Le 2003).

A(r) = Ao + B(r — 1), r—1 (15)
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Figure 2. We plotlog(v) (a, d, g),log(T) (b, e, h), and” (c, f, i) with log(r) for &£ = 1.0 (a-b),
¢ = 05 (d-f) and¢é = 0.0 (g-i). The flow parameters of these plots &e= 1.000001a =
0.04, 2o = 1.7. Foré(= 1.0,0.5), we have shocks and they occurat 111082, rs = 57.03,
respectively. But = 0.0 gives smooth solution and only one sonic pointat 2.238.

where,B = 4V2000a%r ,pe/ (T VIM), B = 2 andpe = €90%2(30 + 2)(30 + 2/n)*e.
By providing the flow parameter&( o, @ and M), we obtainA(ri,) from Eqg. (15).
Now we can integrate Egs. (2, 12 and 13) outward fmgprwith the help of Egs.
(9 and 11). The correct solution through the critical posntaund by supplying the
appropriateM.

In Fig. 1a-p, we have plotted the Mach numir(= v/a) with log(r). The so-
lutions are for E, 1g) = (1.001, 1.45) (a-d), E,10) = (1.001 1.55) (e-h), E, 1) =
(1.001, 1.65) (i-), and €, 2) = (1.004, 1.65) (m-p). The viscosity parameit@{marked
on the panels), increases left to right. All the plots aregfer 1.0. In case of lowlg
flow (Fig. 1a-d), the inviscid solution is Bondi type, chaeazed by a single sonic
pointrg, far away from the horizon. Keeping the safé& 1, but increasing tanta-
mount to highen away from the horizon, which may support accretion shoakgib
particular case the lower limit @f which triggers shock formationig = 0.03147. As
a isincreased] increases in the outer part of the disc. So more and moregisayg-
ing to the rotational head rather than the radial kineticgypbead, and hence the flow
cannot become supersonic at reasonable distance awayHeohotizon, and conse-
quently shocks may not form. The upper limit of viscositygraeter to form shock
for these flow parameters ig, = 0.0494. For parameter&(1g) = (1.001 1.55)
(Fig. 1e-h), shock forms even far = 0.0, but beyondy, = 0.01469 no shock is
found to form. For higher values of flow parameters, shochsiteons are not found
(Fig. 1i-p). In Fig.2a-i, we fix E, 1o & @) = 1.0000011.7,0.01, and vary and
compare the solutions. In Fig. 2a£,= 1.0, in Fig.2d-f¢ = 0.5, and in Fig.2g-i
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Figure 3. Represent& — 1o shock parameter space with and with out viscosityfer 1.0, 0.5.
Thea values are mentioned on the figure.

& =0.0. The flow variables plotted ateg(v) (a, d, g),log(T) (b, e, h), and" (c, f, i).
While ¢ # 0.0 shows shock transition, bat= 0.0 is a smooth solution with an inner
sonic pointrg = 2.238. Although models witlf # 0.0, do show shock but the loca-
tions are at large distance apart. Moreover, the solutivemselves are fierent too.
This implies accretion solutions crucially depend on itsmposition, and the emer-
gent spectra will be dierent too. In Fig.3, we plot the shock domain in the- A
parameter space, fo€,(a) = (1.0,0.0), ¢, ) = (1.0,0.05), ¢, a) = (0.5,0.0),
and ¢, a) = (0.5,0.05). For a givery, the right ward shift of the shock domain
with decreasing, which has also been shown for inviscid disc (Chattopad 20&\3;
Chattopadhyay & Chakrabarti 2011; Chattopadhyay et al220While increasing
a for a givené, the parameter space shifts to the left, a typical behavierscous
flow (Chakrabarti & Das 2004; Kumar & Chattopadhyay 2013; Kurat al. 2013).
Therefore the overlapping region changes with either tlzegh ofx or £.

In this paper, we have shown that all type accretion solstiame possible for
viscous flow with realistic E0S. In fact one may identify, amet other solutions,
the ADAF type solutions (Narayan et. al. 1997) in Fig. 1h, j,&md which are a
part of the general advective solutions. We have shown Histpus disc solutions
with a variableI’ EoS show shocks, similar to the inviscid solutions, howewely
EoS containing both electrons (positrons) and protonshéxsiock, while EoS of
pair plasma do not show shock. We know to produce accretiooksh the flow
should be hot (semi-relativistiE) at least for < 1000, but pair plasma barely reaches
T ~ 10%K close to the horizon, so thdfective boundary layer is not possible for pair
plasma, therefore shocks are not formeddor e*. The most interesting solution
would be the one where particle creation processes aredsyesl, so thag becomes
variable and not a global constant.
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