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Abstract. A two-dimensional time-dependent spectral code is used for
the study of tidal effects in accretion discs. A cool disc around a white
dwarf (characteristic of CV systems) is modeled under the assumption of a
polytropic equation of state and a standard alpha viscosity prescription.
For a mass ratio ¢ < 0.1 (considered here) and under the assumption
of a reflective inner boundary, tidal effects induce an eccentric (m=1
azimuthal) mode in the disc together with an elliptic (m=2 azimuthal)
mode in the inner disc.

1. Introduction

It is presently believed that tidal interaction of discs with an orbiting exterior
companion can be responsible for eccentricity growth in systems with a low
mass companion, However, while the theoretical analysis (Lubow 1991a) clearly
shows the existence of the eccentric instability, there has been some controversy
between the numerical results. Simulations using SPH numerical codes do re-
produce the eccentricity growth in discs (Whitehurst 1988, 1994, Hirose & Osaki
1990, Lubow 1991b, Murray 1996), while usual finite difference (either Eulerian
or Lagrangian) codes do not show any sign of an eccentric mode in the disc
{Sawada, Matsuda & Hachisu 1986a & b, Sawada et al. 1987, Spruit et al. 1987,
Lin & Papaloizou 1993, Rézyczka & Spruit 1993, Savonije, Papaloizou & Lin
1994). Heemskerk (1994, using a finite difference method) has shown that the
tidal resonance eccentricity instability grows when only the m=3 component of
the perturbing potential of the companion is taken into account. When the fuli
perturbing potential is included, the outer edge of the disc does not reach the
3:1 tidal resonance region and the eccentric instability does not grow. When nu-
merical simulation are carried out, the initial density profile in the viscous disc
has to re-arrange itself, and if the mass ratio of the binary is small enough, the
disc will reach the 3:1 resonance radius. In the SPH codes, the alpha viscosity
parameter scales like the vertical thickness of the disc o = a(H), and increases
outward. The viscosity in the outer disc is much larger than in the standard
mode] (& =constant) and could therefore cause the disc to spread to large radii
on a small time scale.

In this short work, we show the results of a spectral numerical code. We
found that an eccentric (m=1) and an elliptic (m=2) azimuthal modes form
in the disc when the inner boundary is a rigid reflective boundary. However,
when a free inner boundary condition is assumed (like in the simulations of the
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previous authors), the disc is steady and exhibits only a double spiral pattern
co-rotating with the binary.

2. Numerical modeling

We solve the full Navier-Stokes equations in the plane of the disc, assum-
ing a polytropic equation of states and a standard alpha viscosity prescrip-
tion. The spatial dependence of the equations is treated with a hybrid Fourier-
Chebyshev Spectral method of collocation, and an explicit fourth order Runge-
Kutta method is used for the temporal scheme. The outer open boundary is
treated with non-reflective boundary conditions. The code was also tested with
an isothermal equation of state, as well as with a more realistic EOS, including
heating and cooling in the energy equation. The modeling was carried out in the
inertial frame of reference as well as in the rotating frame of the binary. Cool
discs (as found in CV systems) and hot disc (as found in T Tauri systems) were
modeled. However, in the present work we show only the modeling of a cool disc,
with a low mass ratio (as characteristic of CV systems exhibiting the superhump
phenomenon). The equations are solved in the rotating frame of reference, using
the polytropic version of the code. More details on the numerical method and
the models can be found in Godon 1996.

3. Results

In the present model we chose @ = 0.1, H/r = 0.05 at the outer boundary,
the polytropic index n = 3, the mass ratio ¢ = 0.08, the inner boundary is
placed at R;, = 1, the outer boundary at R,,; = 5, and the binary separation
is @ = 12. The Mach number (rQ2/c;) is in the range 20-40. In a first run the
inner boundary is a free boundary, through which matter flows freely. In this
case a double spiral patter (co-rotating with the binary) forms after one orbital
period, and the disc stays in this steady state for up to more than 150 orbits
(time over which the simulation was followed). In the very inner part of the
disc, the density decreases due to the inner boundary condition. In a second run
the inner boundary is a rigid boundary, rotating at the local Keplerian velocity.
This inner boundary condition corresponds to a fast rotating accreting white
dwarf. It is enough for the WD to accrete about 0.1Mg to rotate near break-up
(Narayan & Popham 1989). This is true at least for these CVs which show no
observational evidence of a boundary layer (see also Livio, this volume). Here
also a double spiral forms during the first binary orbit. The double spiral wave
propagates inward to small radii and reaches the inner boundary. In an inviscid
disc the spiral wave is expected to grows as it propagates inward (Spruit 1989,
see also Dgani, Livio and Regev 1994). However for the present value of alpha
(oo = 0.1) the wave amplitude decreases inward. During the first binary orbit
a one-armed spiral pattern emanating from the outer disc, propagates inward.
This m=1 eccentric mode is reflected at the inner boundary. With time, this
m=1 trapped mode is amplified and dominates the whole disc. At about five
binary orbital times an m=2 elliptic mode appears in the inner disc. This m=2
mode is characterized by an elliptic density pattern (the streamlines are elliptic)
which makes a prograde precession with a period of 3 times the local Keplerian
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Figure 1.  Grayscale of the density showing the m=1 ecceptric pat-
tern, a one armed-spiral pattern, superposed to the double spiral wave.
Two snapshots are shown.

Figure 2. Grayscale of the density showing the m=2 elliptic pattern
in the inner disc. Two snapshots are shown.

period (or 1/13 the binary period). The period of precession correspond well to
the period of short period oscillations observed in the inner disc of C'Vs (Warner
1986). The eccentric m=1 mode induces local eccentricity in the disc. The local
eccentric patterns make a retrograde precession with a period of the order of the
binary period. In Figure 1 we show the grayscale of density patterns in the disc.
The local eccentric patterns can clearly be seen. In Figure 2 the grayscale of the
density is shown in the inner part of the disc. The contrast has been enhanced
to show the elliptic density pattern near the inner boundary. By the end of the
run (about 35 orbital periods) the disc is not globally eccentric. At this stage
of the simulations, it is not clear whether the m=1 eccentric mode is related
to the 3:1 tidal resonance eccentric instability or not. The 3:1 resonance radius
is located slightly outside the computational domain at about r &~ 5.5. More
simulations are being carried out and will be presented elsewhere (Godon 1996).
We intend to check the effects of different important parameters: the location
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of inner and outer boundaries (and their ratio), the viscosity prescription, the
sound speed in the disc and the mass ratio.
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Discussion

S. Lubow: A double Fourier transform (in the azimuthal direction and in time)
can be carried out on the density to verify to what extent is the m = 1 mode
observed in the simulations related to the tidal resonance eccentric instability.
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