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iIntroduction 
I

I

Wirth progress in computing machiner[ and numerical

methods during the last decades, numerical models of accretibn flows have re-

vealed a lot of detailes, which can not be predicted analiticailly. The simplest

standard model [, 2] was replaced by two-dimensional [3 - 61 q"d during the last

years by treedimensional numerical calculations [7 - l3]. 
i

It was shown that an accretion flow possesses a complic{ted structure and

its parameters depend on radial distance

angle [3, 4. 13-15]. The accretion flow
These shocks are regarded as a place

transphere is accomplished [6].
Two- and three-dimensional calc

Sawada [9]. They showed that the spiral shocks are not diffefent in both cases.

Not yet fu all relationships between

luminosity and s (such as direction and

gas stream, and distance betrveen the two
nisms (such as type of viscosity and opacity) and their variations'

This paper is one of a series rvorks rvhere We rvill try lto investigate the

influence of external parameters on the position, strength arld stability of the

shock fronts in accretion flow. i

In this paper we investigate with a twodimensional nuqlerical model, the

influence of inflow direction on the structure of accretion floriv and the lumino-

sity, produced in inner boundary of the flow.
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The numerical model is built on thf basis of the rargescale
particle method[I7]. This is a combined Lagrangian- iudrian method. Each time

Problem definition

interval is divided into three steps. During the first 1
rrrlsrv'r rs qlvroeo rmo tnree steps. During the first (Eirlerian) step, tnydrody_
namic equations are solved over fixed Eulerian grid h'thle aid of suitabkf schemeof finite differences with ut account of gas irrin into iir. *ril During the se_cond (Lagrangian) step we compute the substance flu*e$ tnroutfr the cell walls,
The gas in .'rch cefl is con iderei as a single d;, p;i.[;;;rg the third final
step the new values of parameters (v,.,ve,p and r) aJ,e recalculated tflor each
cell in the Eulerian grid. The stability requirement conlditi.,n is srreh rhqr rhe
time step should be selected in a way that no large p

This method describes well the formation of s

iffl""HffiJL"r 
particles which makes it relativerv 

fast 
comrared ro other

The calculations are performed in a noninetial cilinldrical reference frame,
centered of the neutron star and corotating with the close [inu.y In this case the
equation slstem is as foilows [], 4]: nngurar verocity or finury system is

il*: 
M,and Mrare the masses of the stars and R,, ls the distance between

u'here

The equation of motion is

dV
'-o,r-r-!r,.,,dt P ' P- 

r'eru

GM,
r 

[r'+R; -Zr.'.rr..or,p]i
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I o, | ,, *( nn \' -r, *,,r,+.rs2;blr-*16;,1 _um
is the sum ofgravitational and centrifugal forces.

I

1,
-J

Fi,r, is the viscouse force. In this calculations We

7

rl=lol 2.

The equation of continuity is

do--_=_pyV.

Equation of state involves both gas and r.adiative

P =' PoPT + P,To,

We use the energy transfer equation for the case of

and the optical depth is

HI
x= lkpdz

0

k = koto + k",,k", = 0,2(l+ X),
7

kub" = krPT 2,ko = 431a24 Z{l- X)

where Xand Zarethe mass fractions of hydrogen and metal

kinetic viscosity

thick flow []

ac -4 _ kL, 
th7r" =# 
J\

where the luminousity from th
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K:pAIf, where p: I

8'TI
is the disk height and A is tlle absorbtion coefficient

o" = #n *\ is the electron densitY'

The z - longitude of the flow is calculated fpom the hydrodynamical
equilibrium equation in z direction

was used only as a verificatibn for reliability of twoThe calculation of .I/
d i mensiolr aproximat ion.

Calculations and rerrults

The calculations have been perfornied for the closre binaly,
containing a red giand with mass Mr=4MA wich hlled ils Roche lobe. 'l'he com-
pact object is neutron star with mass equal to l,5IV$ arid radius of l0'cm. The
magnetic field was assumed to be enough small not to Qe important for the gas
motion. The distance between the binary systems comfonents is l0"cm. We
regarded reg,ion up to 5.10r0 cm frorn the c,

Tlre gas stream tlrrough the inner
of M 6 /year and tangential velosity
direction is rrnodelled with variations in

Six cases ware calculated. The radi
0,5, l0 and 2 times azimutal, wich corresponds to infloil angles equals respec-
tively to 0',1',14',30',45" and 60' from tangential direction.

The callculatiions ware interrupted when the X-raj, luminosity .I,^ estab-
lislred a constant value. This corresponds to one stationary station of flow.

In all six cases accretion flows with sirnilar structures are formed . Two
spiral shock fronts are clearly detacted [l5]. Similar gtructure was found by
other autors f3, 6,9, l4]. In all their w
they obtained diffbrend position of the

The surf,ace density in cases of q, -
field and llin case of, u = 60' are shown

The only important difference in s
relatively stronger when the inflow ang
fiefd and H arc neglectable. The depen
surface density from the inflow angle
dence on the inflow direction show Z
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outer boundary of examined region too (see Fig.4 a,b't. 
i

The difference between the parameters of accietion floirv when the inflow
direction is diferent should be leades the change of the flow {hith the change of
inflow direction. 

i

0i

Fig. l. Surface density in cascs ofc=0o(a) and a=60o(6)
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Fig. 2. Velosity field(a) and H(b)in case of a = 6d
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Fig. 3, Dependerfe of the maximal temp€rature (a) and maximal surt'ace (6) from the inflow
angle. The spots conesponds to the crise ofet=f , f , | 4' , 30,'45 ; and 60 ',
temp€rature is 5 times and in surface density: 30

itude ofchanges in

Fig. 4. Dependence of the X-ray lUminosity from the newtron star surface (a ) the outflow
temp trougth the out boundary ( D ) tiom the inflow angle . t he spots to the case of
c, = 0', l', 14 ',30 : 45 tnd 60 I Amplitude of changes in both values is 20

60
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Sorne conclusions folous from the {esults of this irnvestiga-
tion. The first one is that in close binary including red gihnt filled its Roche lobe
and compact object with non strong magnetic field the aciretion flow hari a struc-
ture with fwo spiral shock fronts. The second one is that in the cases wirth differ-
ent inflow dlirection the parametters of
surface density, and therefore the opti
with the increase of inflow angle. The
surface is maximal in cases of tangential
mal value fcrr 15 - 25. This means that
ray luminosiity in quiescent phase can
stream pararneters. The last conclusion i

ity, forced try sonne kind of instability
change in accretion flow and X-ray lu

Conclusion
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Crpyrrl,pa Ha aKpeur{oHHoro reqeHne B

TrcHa ABOfiHa 3Be3AHa Cr,rCTerha KarO

Syrrrqr.rr Ha paAuilIHara cKopocr Ha

IlTL.qaHe - IByMepHa nrncneHa qr,rMyJrarlu.s
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u HeyTpoHHa 3Be3Aa, KOeTO Ce OCTUIeCTBTBa npe3 B5 HATA TOqI(A HA

Jlarpan x. 06 crxAa ce crpyKryp ar n Ha req eH rd ero.
HscreApaHo e Bflr,rflHrlero Ha paAnanHara Ha cKopocrra Ha

floxasauo e, qe BBruqauufl ce rasoB [oToK Bbpx), crpyKTypaTa Ha

3aBI{CI,|MOCT OT paALraJrHaTa cKopocr Ha BTr.rrraHe Teq HneTo ,4ocTHra
cTol{r{oHapHo cscTosHHe c p:Bnr4qHu MaKcr4MaJrHa noBapxHnr{Ha

MOCT.nITTHOCT H CbOTBeTHO npr4TexaBa pa3nl,IqHa peHTIeHOBa
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