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ABSTRACT. The remilts of 30 numerical simula-
tions of mass transfer in semidetached binaries after the
mass transfer termination are presented. Om the first
stage the 30 gasdynamical simulation of mas transfer
frr the case of constant rate of mas transfer has been
cadncted up to the steady-state =sdution. Then the
matter ontflow was adopted to be terminated and the
dependency of the lifetime of residnal dEk on mumeri-
cal viscosity has been considered.
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1. Problem setup

The purpose of this work & to investigate the flow
stricture in a semidetached binary after the mass
transfer termination. On the first stage the 30 ga=-
dynamical simulation of the gaseons lows for the ase
of constant rate of mass transfer has been conducted wp
to the steady-state sohiticn. Then it was adopted that
matter outflow is terminated and the fate of residual
disk was considered. It is well known that the evo-
hition of accretion dik is controlled by physical pro-
cemses respons ble for the red stribntion of the angnlar
menentum in the dek. To mvestigate the influence of
vEcEity we condnct 3 mns for varions values of viscos-
ity, these ones corresponding to the following effective
vahies of parameter o in terms of the a-disk {Shalira
and Syunyaev 1954): a ~ 008 + 0.1, 0.04 +0.06 and
0.01 +0.02.

Let ns consider a semidetached binary sy=stem and
adopt that acoretor has the mass M, the mams-loosing
star has the mas M, the separation of the binary
systemn i85 A, and angular velocity of orbital rotation is
(1. The ficrws of matter in this sy=temn can be described
by Enler equations with equation of state for ideal gas
P = [y — 1lipe, where P — premire, g — densty, € —
sperific internal energy, v — adiabatic index. To mimic
the radiative lom= of energy we adopt the value of ~
close to0 1: v = 1.01, which cormresponds to the near-
Eothermal case (Bisikalo et al. 1557, Molteni et al.
1591},

To obtain the numerical saution of the system of
equations we 15ed the Boe-Osher TV scheme of a
Ligh order of approadmation (Boe 1586, Chaloamarthy
and D=her 1985} with Einfeldt modification [Einfeldt
1588). The origmal system of equations was written
in a dimensionless form. To do this, the spatial vari-
ables were normalized to the separation A, the time
variables were normalized to the reciprocal anpular ve-
locity of the system 07!, and the density was nor-
malized to its vahie in the nner Lagrangian point L.
The gas flow was simulated over a parallelepipedon
[-1pA ...16A] x [-1A .10 A] x [0...1/ad] {due to the
symmetry of the problem calenlations were conducted
caly in the top half-space). The sphere with a radins
of lfinnAd representing the accretor was ent ot of the
caloilation domain.

The boundary and the initial conditions were deter-

mined as follows:

s the dona star fills it's Rodhe lobe;

s we adopted free-outflow conditions at the accre-
tor and at the cuter bonmdary of the calenlation
dcanain;

s on the first stage in pridpoint. correspanding to L,
we injected the matter with parameters p = p{L,},
Vo =c{In), ¥, =V, =0, where o{L,) = 107 !-is
a gas speed of sound in Ly ;

» on the second stage when steady-state regime was
reached at the moment of time t = 4, we adopted
fee-ontflow conditions at the accretor and at the
oter beindary of the caloilation domain.

The initial oonditions cwresponded to the back-
pround gas with the following parameters were nsed:

o =10"%p(Ly), Fp=10""g{L;} A(L1)/y, Vo =0.

2. Estirnation of the lifetime of the residual
disk for different values of viscosity

To evaluate the influence of the viscosity on the
sohition, three nms with different spatial resclution
were conducted. The Euler equations don’t include
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phy=ical visoreity s0 we varied the mumerical viscosity
by virtue of changing of computational grid. Three
prids were chosen for the simulation: 31x31x17{"A"],
6lxflx 17 B7) 81 x51x25{" (). The used grids were
wuniform for all the mins. In terms of the a-disk the
nmunerical viscosity fr mmms *A®, *B®, *(* approed-
mately correspmuds to o ~ 008 + 0.1, (.04 + Q.06 and
0.01 +0.02.

Prior to simulation of the flow structire with
stopped] mass transfer the near-steady-state solitions
frr the case of constant non-zerc rate of mass trans-
fer were obtained and nsed as initial conditions. At
the moanent of time & = &, the rate of mass transfer
was decreased in five order of magnitude, which corre-
spads to the termination of the mas transfer.

Calolations of mns *A” and *B* were lasted nn-
til the density of gas becomes less than the back-
ground density gy = 107%p{I,). ThE coEresponds
to the full vanishing of matter due to accretion and
autflow through outer bonmndary, The durations of
these two nmns cmrespond to 5P,y and 12F.4 after
the moment of time 4,. Ban *(* has the best reso-
hition and the minimal munerical visosity. Neverthe-
k=5, this Tin was conducted to 105,y only, since this
mn & very computer-time-consuming while the time
when diEk vankhes can be estimated as ~ S0P, 4. We
extrapolated the reults of calulation of mun *C* for
> 10F .

To evaluate the lifetime of the residual disk we
used the estimation of the gas mass change m =
I pdrdydz, which & shown on Figires 1 and 2. In
Fig. 1 the time variation of the total mas of the @l-
oulation domain is presented. Fig. 2 demmstrates
the change of the mas= of the accretion disk zone ver-
mis time. The accretion dizsk sizes change fram mns
to nms; therefore, for the make of comparison of re-
silts of different nmns we calenlate not the exact mass
chanpes in the accretion disk but the mas= changes in
the damain + < 0.1,k < (.05, which is rather close
to the accretion diEk sizes for all the three runs. The
lower limit of the density of gasis the background den-
sity gy, therefore the mas of the inform matter with
p=pp calcilated for the whde can putation domain and
fr the disk zone are asymptotic lines fr graphs m{t).
These lines are shown i the coresponding figures by
dashed lmes.

The analysis of the data presented in the fimmes
shows that the lifetime of the residnal disk i= increased
with the decrease of the mumerical viscmity: for the
mn “A* (o 2 0L1) 7w 2 5F; for the mn “B*
(a re Q05) 7w 2 128 4; for the nm “C* {a = Q.O1)
he extrapolation of the result of similation shows that
the lfetime of the residnal dEk excesds 50 orbital pe-
ricwds. It is pertinent to note that the value @ re (.01
£ typical for observable accretion dils {Lynden-Bell
and Pringle 1574, Meyer-Holmeister and Ritter 1953,
Tout. 1896, Armitage and Livio 1996). Consequently,

Fipre 1: Time evolution of the total mas of the @l-
culation domain fr * A% {a e (.13, *B? {a = 0.05), and
0" {a 2 0.01) mins. The mass of the inifrm mat-
ter corresponding to the badkgroond density g = gy is
shown by the dashed line.

Figure 2: Time evolution of the mass of the accretion
disk zane for " A e me 1.1}, "B? (@ w0.05), and *C*
{e r= 0.01) rins. The mas of the nnifrem matter cor-
responding to the background densityp = @ & shown
by the dashed line.

we can expect the lifetime of residnal disk after the
terminaticn of mass & of arder 5( orbital periods {near
a week) for typical dwarf novae.

3. Condusions

The 3D mumerical simulations of structure of the ac-
cretica dik after the mass transfer termination reveak
an essential mcresse of its lifetime with the decrease
of viecmity. For effective o 005 the lfetime of the
resicinal disk exceeds 12 orbital periods and for o =001
{that iz typical for observable accretion disks) the life-
time of the residual dik is a8 much as 5] orbital pexi-
o=
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