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2D MODELLING OF THE GAS FLOW STRUCTURE
IN THE SYMBIOTIC STAR Z ANDROMEDAE
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ABSTRACT. The 2D pasdynamical simulaticns of
gas flow stoucture in the symbictic star Z And have

been carried ont fr different stellar wind regimes.
Since the mechanisms of gas acceleration in stellar at-
merpheres are nat well studied, the parametric repre-
sentaticn of gas accelerating, force was 1sed. The w@l-
culations for various stellar wind velocity regimes have
shown that for realistic cases the accretion dises in the
systermn were formed.
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1. Problem setup

Z Androamed ae 1 one of the most famons representa-
tives of symbiotic stars. It & generally admitted to be
the binary systemn with the components not filling the
Roche lobe. Therefore, the mass exchange in Z And
should be driven by the stdlar wind. Previous stid-
je= {e.p. Bismovatyl-Kogan et al. 1979, Bisikalo et al.
1554, Bisikalo et al. 1558) have shown that the general
strctire of the gas low in binary systems with com-
ponents not filling the Roche lobe, is defined first and
frrernert by the stellar wind parameters and it is very
important to fix the velocity regime of the stellar wind.

TUnfortunately, the wind velocity regime i= not well-
known due to the absence of an avowed mechanisim of
gas acceleration in stellar atmospheres. To avoid this
ambipuity we 1se in the model the additicnal artificial
frarce that accelerates gas. This force can be written in
the following form:
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where M; & the mas of the primary companent, @ -
pravitational constant, r - distance from the center of
the primary component, « is the dimensionless param-
eter. This force has been inchided in the original Roche
potential and all the similations were carried out n=ing
the modified Roche potential.
This approach allowed 115 to obtain all possible stel-
lar wind velocity regimes by varying the parameter o

without taking into account the detailed mechanizms
of gas acceleraticn.

In this work the resilts of 21) gasdynamical calonla-
tions for ¢ = 0.3, 0.5,0.7, 0.8, 0.5 are presented.

2. The model

In the gasdynamical model we nse the 20 system of
Euler equations in rotational coordinate frame:
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Lere p denotes density, u and v are r and (o components
of the velocity vector respectively, P is the presare,
a
E=£+ ]uTI- — total specific energy, £ — specific internal
energy, (! & the systen s angular veocity.
The modified Roche potential after including the ac-
celerating pas force has the following form:
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where r;, ry are radins-vectors of centers of compo-
nents, r, — radms-vector of the mass center of the bi-
nary system, My is the mam= of the secondary compo-
nent {accretor).

We restricted our comsideration to an ideal gas model
with adiabatic index ¥ =5/3 and equaticm of state:

P={y-1p



42

{dessa Astronomical Publcations, vol. 14 (2001)

To solve this systemn of equaticons the explicit finite-
difference Roe scheme with restrictions of flows in Os-
her fams (Roe 1586, Chakravarthy and Osher 1535)
was 1med.

The bonndary and the initial conditions were deter-
mined as follows:

» The gas is injected fram the dma's surface with
radial velocity v = 25kan/s;

» We adopted free-putflow conditions at the accre-
tor and at the outer bonmdary of the calenlation
dranain;

s The initial conditions corresponded to the back-
gromnd pas with the following parameters were
nzed:

po =W 5p(R)), Po=10"p(R) R}/,

v, =0
where B; is the radms of the don.

The coordinate sy=tem was defined as fdlows: the
rigin of coordinates is located in the center of the
mass-losing star, X -ads is directed along the line con-
necting the centers of stars, from the mass-losing star
to the accretor, ¥-ads & directed alang the orbital
muwement of the accretor. The calmilations region was
adopted as [—A...24] x[- ¥aA... ¥/34]. All the cal-
culations were carried ot for 301 %301 computational
grid.

The parameters frr 2 And required for oir calenla-
tions were taken from the work by Fernandes-Clastro
et al. (1582): the mam of the primary (mam-leing)
conponent A, = 2M; and it’s radins B, = 77 Rz,
the mam of the secondary component Mo = 0.6, M
and the radns Hx = (.07R;,, the orbital period of the
systern P = 758.8 days, separation between the com-
ponents A = 432 53 K;,. These parameters resuht in the
Boche lobe radins {(H/A} = 0.48. The orbital velocity
of the system ¥, = 32 Jon/=.

3. Resulis

The results of numerical simulations for different val-
nes of @ parameter show that up to a={.8 there are
no steady state sclntion. The matter firstly injected
into the system falls back to the donar’s murface and
finally there is no matter left to form the disk {the ob-
tained densitiez don't excesd the backpronnd value).
The situation i= rather different fr greater vahies of
a >{.8 — here the stationary regime takes place in few
crbital pericds. The accretion disk and the bow shod
wave in front of the secondary component are formed.
Here the gas densities are significantly preater than the

badkgronnd values.
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Figure 1: Fields of pressure and welocity vectors in
equatorial plane for mn with ¢={.7. The length of
the lmpgest arrow cmresponds to the velocity value
of 100 Jon /=

lg P timne=5.48
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Fipme 2 Fields of pressure and velocity vectors in
equatorial plane for mun with a={.5. The length of
the lmpest armow omresponds to the welocity valhe
of 100 kl'ﬂl.l’s
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Table 1: Radial velocities and accretion rates

1] 2] 3 | 4]
o T | way | Accr. rate
0.3 | 10.84 | &Q < 103
0.3 | 653 | &5 < 107
0.7 | 560 | &5 103
0.3 | 5.69 | 63 4x10~ 4
09 543 | T1 Ex107%

These conchisicns are illustrated by Figures 1,2, In
these fipnres fiekls of presmire in the equatorial plane
are presented for two values of o parameter {o={.7
and a=(.9). All the distances are given in the nnits
of sdar rading. The radmz of the circle with center
at the origin of the coordinate frame cormesponds to
the donor's muxface. The flow lines are shown by solid
lines. The flows are directed almg the velocity vectors
{shown by arrows). The dashed lines mark the Boche
equipotentiaks. The accretor is marked by the asterizk.

In the Figire 1 the nan-steady case with a=0.7 is
presented. Here we can see that by the moment of
8.15 orbital periods there are no matter between the
coamponents {the observed picture caresponds to the
densities less then backgronnd vale). The gas is con-
centrated near the donor's surface. In this case almost
all the gas ejected has returned to the donor's surface.

Figure 2 fllustrates the case of a=8 where the
steady state picture with the dk and the bow shack
wave {the boll line remilting from the sobars conden-
mation) located in front of the accretor on the way of
it’s crbital motion takes place. The fignre corresponds
to the time of 548 orbital pericds. The calemlations
frr vahies of @ 0.8 ako showed that the disc size was
preater for the smaller value of «.

The relative acretion rates and radial velocities at
infinity have been also calenlated. The radial velocities
are all of the arder of 60-70 lon/s. The accretion rates
don’t excerd the vahies 5% 107%. These results are pre-
sented in the Table 1. Here 1% column - the value of
o parameter, 2! column — T — time in orbital periods,
¥ mwlumn - Voaq — radial velocity at infinity (km/s),
445 eohimn is the relative accretion rate.

4. Condusions

Different pas Aow regimes for the symbiotic system
Z And have been considered within the framewamk of
M pasdynamical madel. Calnlations for the various
stellar wind velocity regimes (o = (.3, 0.5,0.7, 0.8, 0.5}
have been carried ont.

The results show that for small stellar wind velocities
fo < 0.2} no steady disk can be formed. Soltions with
a < (.B are not steady state anes. The gas ejected
during the first phase falls down to the donor star. This
proces= is rather llow and at the time T ~ 5 — 1085,
we still have some matter in the system.

The calenlations for @ = (1.8 and (.5 show the pres-
ence of the disk as well as of bow shodk waves located
in front of the compact star on the way of its orbital
mation. For these nins (@ > (.8) we have found that:

s the dizk size decreases with increasing of a;

» the accretion rate does not exceed 0.5 % that is
smaller than the valie of 3% estimated in Bisikalo
et al. (1996} for symbiotic systems. This may be
due to the difference in the considered parameters.
It & ako smaller than the value 2% cbtained by
Fernandez-Clastro et al. {1588) for Z And.
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