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Introduction :
.| .
With the progress in computing machinery and numerical
methods during last decades, the numerical models of accretion flows revealed a
lot of detailes, which were not possible to be predicted analytically. The simplest
standard model [1, 2] was replaced by two-dimensional [3-6] Eand during the last
years by tree-dimensional numetical calculations [7-13]. ;

It was shown that an accretion flow possesses a comphbated structure and
its parameters depend on radial distance from central object as well as on azimutal
angle [3, 4, 13 - I5].

There are not yet fully studied all relationships betwaep structure, respec-
tively luminousity and external parameters (such as dtrectlonl and accretion rate
of inflow gas stream), infernal mechanisms (such as type of viscousity and opa-
city) and their variations.

On the other hand, with the accumulation of more and more observatlonal
data about the X-ray sources, identified as binaries with aclbretlon flows, it is
seen that in many cases the luminosity and spectra are strongly variable. The
variations are very different in amplitude as well as in timescale. The most of
quasi- and nonperiodic behaviour can not be explained initerms of standard
analytical or one-dimensional calculations.

Most of the scientists believe that quick variations are caused by the insta-
bilities in the inner regions of the accretion flow: i

This paper is one of a series where we try to myestlgate the stability of the

accretion flow structure towards the exchanges of external parameters and re-
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sulting behaviour of X-ray luminosity produced at the inner boundary of the accre-
tion flow,

Using a two-dimensional numerical model we investigate the influence of
inflow direction and inflow stream debit changes on the structure of an accre-
tion flow. It is shown that such changes may produce quick variations in the X-
ray luminosity.

Numerical model

The numerical model is based on the largescale particle
method [16]. The calculaticns are performed in cylindrical coordinates in the
noninertial corotating frame, with origin in the center of the compact object,

In the computation equations are included the gravitational forces of the
both stars and the centrifugal force. The presure is the sum of gas and radiative
ones. The energy equation is written for the case of an opticaly tick flow. The
basic equations and numerical method are fully described in Ref. 17.

The calculations have been performed for a close binary, containing a red
giand with a mass M, = 4, wich filied its Roche lobe. The compact object is a
neutron star with the standard parameters as follous-the mass equal to 1,5 M,
and the radius of 10° cm. The magnetic field was assumed to be small enough not
to be important for the gas motion. The distance between the binary system
components is [0" cm. We considered a region up to 5.10' cm from the center of
neutron star which include the first Lagrangian point,

The gas stream through the inner Lagrangian point is with a constant ac-
cretion rate of 10° M| per year and tangential velocity equal to the Keplerian
one. The changes in direction are modelled with variations in radial part of the
inflow velocity. :
Results and discussion

In this paper we try to investigate the influence of instabili-
ties in an inflow gas stream, caused by instabilities in companion star atmo-
sphere, on the accretion flow. These instabilities can be modell by change of the
accretion rate and the direction of the gas in first Lagrangian point.

As a base of investigations it is used the stationary state that the accretion
flow has reached in the case of radial inflow velocity equal 10 0,5 of the azimutal
one. The radial inflow velocity is changed to the value of two times azimutal for
a time of about 0,1 s. This value corresponds to the computation time step. When
the accretion flow reaches a new stationary state, the radial inflow velocity V. is
changed back to the value of 0,5 azimutal inflow velocity Vo

In Fig. I and 2 are shown the surface density distribution in stationary states
in the cases of V_equal respectively to 0,5 and 2 times V.. On the Fig. 3 is shown
the surface density distribution in stationary state after the cﬁangc of ¥, to the initial
value of 0,5 V,p.
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Fig. 1. The surface density distribution in stationary state in the case of V= 0,5V, The compact
object is placed in the point {0,0). The first Lagrangian point have coordinates (-1:0)
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Fig, 2. The surface density distribution in stationary state in the case of LA 'l{_‘b. The compact object
is placed in the point {0;0). The first Lagrangian point have coordinates {-1;0)
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Fig. 3. The surface density distribution in stationary state after the change of V, from€,5t0 2 times V.
The compact abject is placed in the point {0:0). The first Lagrangian point have coordinates {-1;0}

As it is seen from these figures, the accretion flow does not change its charac-
ter but the second shock front becomes stronger.

In Fig. 4 is shown the behaviour of X-ray luminousity L from the central
object surface first 5 seconds after beginning of its variations. As it is seen L_

shows several oscilations with decreasing amplitude. The ttmescaie of them is less
than 1 second.
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Fig. 4. The behaviour of X-ray fumirousity from the compact object surface first 5 seconds after
begining of its variability, defined from the increase of radial inflow velocity
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The variability of L_begins at distance more than 10"°cm after less than 30
seconds. It means that the signal has travelling with a speed of order of 10° cm/s
while the maximal radial velosity in the flow is at least 10 times less than this
value. All this gives the reason to say that the change of flow p:arametcrs at the
outer part of the flow produces wave propagation throuth all the flow region.

Comparing this with the results of investigations of an at:cretlon flow in
binary system with elliptical orbit [15] we can say that the wavesiare propagating
along the shock fronts.

In Fig. 5 is shown the behaviour of L, after the first change of V_till the
moment when it reaches new constant val ue and than after the back change of
V _to the initial value. As it is seen from this figure and from the Fig. 1 and 3,
after all above described processes the accretion flow reaches the new stationary
state, with stronger second shock front and as a result of this, whith strongar
outflow from the region around the outer part of the flow. This new state are less
tuminous. All the process after the change of ¥, takes less thari one minute.
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Fig. 5. The behaviour of X-ray luminosity from the compact object surface after the increase of
radial inflow velocity till the moment of reaching a new constant value - segment AB and then
after back change of ¥, 1o the initial value - scgment BC

In Fig. 6 is shown the behaviour of L _ after increase of the dccretion rate 10
times for a time of 0,5 5. As a basic state it is taken the same stationary state with
vV, =05V, as in previous calculations. As it is seen from this ﬁlgure and Fig. 4,
the increase of V. coused the similar behaviour like that which is coused by an
increase in accretion rate of inflow stream.

Recently many authors have considered the shock fronts, formed in the
accretion flow in close binary systems as the main place where the energy and
angulare moment transfer occur [18-21].

Some authors have investigated the wave propagation lln axmymmctrlc
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Fig. 6. The behaviour of X-ray luminosity from the compact object surface during the first 3
seconds after begining of its variability defied from the increasing of the inflow stream debit

acretion flow [22-24] as a possibility to defy quick variability in X-ray luminosity.

In this paper we show an evidence for wave propagation in two-dimensional
flow. As a result, the instabilities of the inflow gas stream can produce quick (of the
order of several seconds and less than a second) variations in X-ray luminosity pro-
duced at the inner boundary of accretion flow. It is one alternative possibility
for the origin of these variations, opposite to the mainly believed now that some
instabilities at inner regions of the flow prodiice them.

This work is only first step of this investigation. There was modelled only an
isolated change in the inflow direction and, separately, in the accretion rate. In the
realistic case both these will be acted together and for a longer time. The behaviour
of X-ray luminosity should be very complicated. But it is reasonable to think that the
nature of the processes in the flow medium should be the same.

Conclusion

We have presented two-dimensional largescale particle nu-
merical investigation of the reaction of the accretion flow in close binary coused
by quick changes of inflow stream direction.

The shock fronts forined in the accretion flow not destroied, moreover they
become stronger as a result of such variation of inflow direction.

The numerical model does not show any computation instabilities in this
case, so it seams to be usefull for modelling of the flows with variable inflow
streams.

The X-ray luminosity produced at the inner boundary of the accretion flow
shows strong variations very soon after changes in the parameters at outer boundary
which is one gvidence for wave propagation along the shock fronts. This gives one
alternative possibility for explanation of the quick aperiodic variation in X-ray fumi-
nosity as a result of variation in inflow stream parameters.
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Morat g 6bp3UuTe HENEPUOAUYHH BapHalUH B
pEHTreHOBaTa CBETUMOCT Ja C¢ HOPAXAAT BBB
BBLHIIHATA 4aCT HAa aKPEUHOHHMA [IOTOK

Mapus JumMHTPOBA
{(Peswme}

C noMouiTa Ha ABYMEPEH HMCIEH MOACH C¢ H3CHECABA
PEAKUMATA HA AKPELHOHHUA MOTOK B TACHA ABOMHA 3BE3]HA CHCTEMA CNIPRMO
PE3KM MPOMEHY B HAIIPABACHUETO HA BTHHAlMA €€ ra30B TIOTOK.

M3cneBaHO € NOBEACHUETO Ha PEHTTEHOBATA CBETHMOCT, U3NIBUCHA OT
BLTPELIRATA TPAHULA HA TEHEHHETO CIE] TE3H npomenu. Micneasana e
CTaBMIHOCTTA Ha CTPYKTYPATa Ha TEUEHHETO CIPAMO Te3H NpoMeHH. B ciloTo Bpeme
TOBA € TECT 3@ NPMACKUMOCTTA HA HUCICHHE MOAEN B CAydaH Ha CHAHO

HECTALHOHADHH PEXXUMH.
HabtniopagaT ce HAKOAKD OCLHAALUHH B PEHTreHOBaTa CBETHMOCT HAKONKG
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CCKYH/H ClIEZ NPOMEHUTE Ha BBbHIUHATA TPAHULA HA TeueHueTo. ToBa € egHo
-AOKA3ATE/ICTBO 3@ PA3IPOCTPAHEHHETO HA BLIHYU IO ABKMHATA HA YAADHHUTE
$ponToBE, POPMHPALLK CE B PEIYNTAT OT NPHITHBHOTO BH3AEHCTBHE Ha BTOpata
KOMMOHEHTA Ha IBOHHATA cucTema. OCUMITALIMITE Ca C NEPHOJL OT IOPAAbKA Ha
€AHA cexyHza. ToBa AaBa anTepHATHBHA BEIMOXKHOCT 33 OBACHEHHE Ha Gbp3UTe
HCMEPUOAUUHH MPOMEHH B PEHTIEHOBATA CBETMMOCT KAaTO PEe3yATaT OT
HECTAONIHOCT BB BTHHALIHNS CE PA30B TOTOK.

26





