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Abstract. We investigate the possibility of a mass transfer enhancement during outburst in
dwarf novae. We present here the first two-dimensional hydrodynamic simulations of the surface
flows in the secondary, driven by the strong inhomogenous heating of the atmosphere during an
outburst. We also discuss the possibility that the direct heating of the L1 point by the disc rim
contributes to the mass transfer enhancement.
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1. Introduction
It is believed that outbursts in dwarf-novae are due to a thermal-viscous instability of

their accretion disc (see Lasota 2001 for a review). In the basic version of this model,
the mass transfer rate from the secondary is assumed to be constant. There are however
observational evidences for enhanced mass transfer during outbursts (see Smak 1995,
2004b) possibly due to the strong illumination of the secondary. There is however a
controversy on both the interpretation of observations and on the effects of irradiation
of the secondary (see Osaki 2003, 2005 and Smak 2004a, 2004c).

Indeed, as the L1 point is shadowed by the accretion disc, no direct heating is pos-
sible. Furthermore, the Coriolis force strongly constraint the dynamic of the irradiated
atmosphere, preventing any direct meridional transport of heat from the irradiated re-
gion toward L1 (see Osaki 2003). The complexity of the Roche geometry could, however,
allow for a more complex transport mechanism, making, e.g., profit of the rapid change
in the geometry of the star away from the L1 meridian.

2. Preliminary results
We present here the first investigation of the dynamical effect of the irradiation on the

secondary atmosphere. As the scale height of the stellar atmosphere is much lower than
the stellar radius, we consider the atmosphere as being infinitely slim. We use a TVD-
McCormack scheme (see Yee 1987) to solve the 2D Euler equations describing the surface
flow in the secondary. As the Coriolis force is the most important physical ingredient, we
consider for simplicity a spherical star with an explicitly space dependant Coriolis force
that mimics the Roche geometry. We consider here the case of a short-period system
such as OY Car.

Figure 1 shows the temperature distribution at the surface of the secondary: the left-
hand side corresponds to the initial condition, where the equatorial regions are shaded
by the disc, and the right-hand side shows the temperature distribution after 15 orbital
periods. As one can see, the hot and cold region are mixed and the process is clearly
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Figure 1. Initial temperature distribution (left) and after 15 orbital period (right).

2D. The L1 point could be heated this way and as a result the mass transfer rate will
be enhanced. Investigations on the mixing mechanism and implications for the outburst
behavior are currently under way.

We also consider the possibility that the disc rim itself could heat the L1 point. For
systems of the SU UMa subclass, the secondary surface is cool enough that heating by
the disc rim in outburst can be significant.

We have implemented this effect in the disc evolution code from Hameury et al. (1998).
The mass transfer rate, depending on the temperature of L1, is calculated as in Smak
(2004a). Figure 2 shows the enhancement of the mass transfer in case of a secondary
surface temperature of 2300 K. Ṁ can be increased by up to 20, with an effective mean
value of ∼ 5. The dependance of the surface temperature, the effect on the outbursts
light-curves and comparison with the non-heated case are currently under investigation.

3. Conclusions
Our initial results show that the basic assumption of a constant mass transfer rate is

likely to be incorrect, as suggested by observations. It is, however, not yet clear how both
the irradiation of the secondary and the direct heating by the disc rim affect predictions
of the disc instability model. It should be interesting to check how these could resolve
some of the deficiencies of the actual version of the model.
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Figure 2. Mass transfert enhancement during an outburst, the outburst light curve is
overplotted for comparison.
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