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Introduction i

I

With the progress in computing machiriery and numerical
rnethods during last decades, the numerical models of accreti$n flows revealed a

lot of detailes, which were not possible to be predicted analytlcally. The simplest

standard model [tr,2] was replaced by two-dimensional [3-6] iand during the last

years by tree-dimensional numelical calculations [7-13]. 
I

It was slrown that an accretion flow possesses a colnplipated structure and

its parameters depend on radial distance from central object as iwell as on azimutal
angle [3,4, 13 - l5]. 

I

There are not yet fully studied all relationships betweelr structure, respec-

tively luminousity and external parameters (such as directionl and accretion rate
of inflow gas stream), internal mechanisms (such as type of vliscousity and opa-

city) and their variations.
On the other hand, with the accumulation of more and imore observational

data about the X-ray sources, identified as binaries with acpretion flows, it is

seen that in many cas,es the luminosity and spectra are strQngly variable. The

variations are very different in amplitude as well as in timeiscale. The most of
quasi- and nonperiodic behaviour can not be explained injterms of standard

analytical or one-dimensional calculations 
I

Most of the scientists believe that quick variations are claused by the irasta-

bilities in the inner regionsi of the accretion flow, 
i

This paper is one of a series wlrere we try to investigatg the stability of the

accretion flow structune towards the exchanges of external larameters and re-
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Using a two-dimensional numerical model we invesiigate 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 qui{k variations in the X-

sulting behaviour of X-ray luminosity produced at the inner boundary of the accre-
tion flow.

ray luminosity.

Numerical model

Results and discussion

The numerical model is based on tfre largescale particle
method [16]. The calculations are performed in cylindridal coordinates in the
noninertial corotating frame, with origin in the center of ihe compact ob.ject.

In the computation equations are included the gravftational forces of the
both stars and the centrifugal force. The presure is the surf 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 calculatiens have been perfonned for a close biirary, containing a red
giand with a mass Mr:4Mo wich filled its Roc,he lobe. T|,|e compact object is a
neutron star with th thass equal 6 n,S Mo
and the radius of 106 tp be small enough noi
to be important for efn the binary siystem
components is 10rr cm. We considered a region up to 5.10r0 cm from the cernter of
neutron star which ilnclude the first Lagrangianr point.

The gas strearn through the inner Lagrangian point ib with a constant ac-
cretion rate of l0-e Mo per year and tangential velocity efiual to the Keplerian
one. The changes in direction are modelled with variation$ in radial part of the
inflow velocity

ln this paper we try to investigate the influence of instabili-
ties in an inflow gas stream, caused by instabilities in clrnpanion star atmo-
sphere, on the iaccretion flow. These instabi by change of the
accretion rate and the direction of the gas point.

As a base of investigations it is used that the accretion
flow has reached in the aase of radial inflow velocity equal [o 0,5 of the azimutal
one. The radial inflow velocity is chang
a time of about 0,1 s. This value corresp
the accretion flow reaches a new station
changed back to the value of, 0,5 azimut

In Fig. I a.nd 2 are shown the surfa
in the cases of V_eqrual respectively to
the surface density distribution in station
value of 0,5 Vb.
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l. The surface density distribution in stationary state in the case of I/"
t is placed in the point (0;0). The tirst Lagrangian point have coordin
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2. The surface density distribution in stationary state in the case of V,o= 2

aced in the point (0;0). The tirst Lagrangian point have coordinates (-l;0)
,. The compact

compactFig. I
object

Fig. 2. T

is placed

object
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Fig. 3. The surlbce density distribution in stationary state after the change o[ V,rfrotn 0,5 to 2 ti,mes I/,r.

The compact object is placed in the point (0;0). The first Lagrangian point have coordinates (- l ;0)

As it is seen from these figures, the
ter but the second shock front becomes st

In Fig. 4 is shown tlre behaviour
object surface first 5 seconds after beg
shows several oscilations with decreasing anrplitude. The tiftescale of them is less
than I second. l

30 /,s 35 ]

F-ig. 4. The behal'iour o1'X-ray luminousity from the compact ob.iect sfrrfhce first 5 seconds after
begining of its variability, defined from the increase of raclial inflow vefocity
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The variability of { begins at distance more than l0r0cm dfter less than 30

seconds. It means that the signal has travelling with a speed of order of l0e cm/s
while the maximal radial velosity in the flow is at least l0 times less than this
value. All this gives the reason to say that the change of flow plrameters at the
outer part of the flow produr., *uul propagation tlrouth alliire flow region,

Comparing this with the results of investigations of an apcretion flow in
binary system with elliptical orbit [ 5] we can say that the waveslaie propagating
along the shock fronts.

In Fig. 5 is shown the behaviour o
moment when it reaches new constant
Vrto the initial value. As it is seen

after all above described processes t
state, with stronger second shock front and as a result of thisi whith strongar
outflow from the region around the outer part of the flow. This fiew state are less
fuminous. All the process after the change of V,rtakes less tharj one minute.

Fig. 5. The behaviour of X-ray luminosity from the compact object surface ifter the increase of
radial inflow velocity till the moment of reaching a new coristant value - se$ment AB and then

after back change of V,,,to the initial value - segment BC 
i

I

In Fig. 6 is shown the behaviour of Z" after increase of the {ccretion rate l0
times for a time of 0,5 s. As a basic state it is taken the same statilonary state with
V,o= 0,5 t is seen from this figure and Fig. 4,
the incre iour like that whiclt is coused by an
increase m. 

i

Recently many authors have considered the shock front$, formed in the
accretion flow in close binary systems as the main place where the energy and
angulare moment transfer ocrcur [8-21]. i

Some authors have investigated the wave propagation in axisyrnmetric

I
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Fig. 6. The behaviour of X'ray luminosity from the compact ob.ie{t surt'ace during the tirst 5
seconds after begining of its variability defied fro

acretion flow 122-241 as a possibility to d
In this paper we show an evidence

flow. As a result, the instahilities of the i
order ofseveral seconds and less than a s
duced at the inner ow. lt is one alternative possibility
for the origin of t e to the mainly believed now that sornl
instabilities at inn roduce them.

This work is only first step of this i
isolated change in the inflow direction ar
realistic case both these will be acted tog
of X-ray luminosity should be very compl
nature of the processes in the flow mediu

Corrclusion

nosity as a result of variation in inflow stream paramerers.

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

The shock fronts formed in the accretion flow not d{stroied, moreover they
become stronger as a result of such variation of inflow direction.

The numerical model does not show any computalion instabilities in this
cas€' so it seams to be usefull for modelling of the flolts with variable inflow
str€ams.

The X-ray luminosity produced at the inner bounda/y of the accretion flow
shows strong variations very soon after changes in the para$eters at outer boundary
which is one evidence for wave propagation along the sho"k f.ontr. This gilves onl
alternative possibility for explanation of the quick aperiodic variation in X-iay lumi-
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I

Morat rtlt 6bp3l4Te HereproAI{qHI'I BapIlaIIIdH B

peHTreHoBaTa cBeTnMocT Aa cg [opaxAaT BbB

BbHrrrHaTa qacT Ha aKpeulroHHl'Ifl noToK

Mapn.r ,{uunrpoea

(Pesrcue)

C noruourra Ha AByMepeH qucreH qoAen ce H3creABa

peaKqilrTa Ha aKpeqgoHHnr [oToK B TrCHa AeOfiHa :se:aria cHcTeMa cnpflMo

pe3Kh npoMeHH B HaflpaBneHHero Ha BThqauHfl ce ra3oB nproK'

H:CIeAsaHO e nOBe,AeHHeTO Ha peHTFeHOBaTa SBeTHMOCT, H3IbqeHa 01'

BbrpeulHaTa rpaHHqa Ha TeqeHHeTO cneA Te3n npoMeHH' H3CreaBaHa e

cra6unHocTraHa crpyKrypinra HaTeqeHHero cnptMo re3l{ npoMEHn' B clrqoro BpeMe

ToBa e TecT 3a npgno)KtiMocTTa Ha qlrcneHl'ttl tvloAeJl el Cnyvafi Ha CHJIHO

HecTaqhoHapHH pexuMH. 
i

Ha6rrc.u.aear ce HrKonKo ocqHnau|4H B peHTreHoBara pBerHMocr HtKoJlKo
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ceKyHAtr cneA npoMeHHTe Ha BtHrrrHaTa rpaHnqa Ha
,AOXa3aTeJICTBO 3a pa3npocTpaHeHr4eTo Ha BbJTHH no

HenepHoAt4qr{u npoMeHn B peHTreHOBaTa CBeTl,tM
HecTaonnHocT BbB BTHqaUnt ce ra3oB noTOK.

QpoHrore, rfopr-,tupauln ce B p$yJrrar or npr,tJrnBHoro Br Ha BTOpaTa
KoMnoHeHTa Ha.qDofiHara cucreMa. Ocur.tnaunHTe ca c oT noprarKa Ha
eAHa ceKyHAa. Tosa Aasa anrepHar[BHa Br3rvroxHocr 3a ne ua Orpsure

uero. Tosa e eAHo

uHara Ha yAapHHTe

KaTO pe3yJrTaT OT
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