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Abstract. The aim is to determine the role and influence of the hypothesis
concerning both dynamics and radiative transfer in models of winds and mass
loss of evolved stars, when the radiative force on dust grains plays a major
role in the structuration of the circumstellar envelope of the star. The flow
is described successively using two models coupling the grains-gas dynamics in
a self-consistent way with radiative transfer for two different approaches of the
dynamics: the Momentum Coupling Hypothesis and the Full Problem. Complete
radiative transfer including multiple scattering, absorption and thermal emission
is taken into account. The medium is not necessarily optically thin. In all cases,
numerical iterations couple dynamics with transfer. This study emphasizes the
importance of the drift velocity between the grains and the gas and the inertia
of dust together with hydrodynamics and transfer coupling,.

1. Introduction

The existence of circumstellar dust grains and mass loss in cool stars is by now
well established. Whatever the mechanisms causing the wind, the mass loss is
controlled by the radiative pressure on dust grains. Photons emitted by the star
are absorbed by grains and partially scattered in a more or less isotropic way.
A part of the momentum carried by the absorbed photons is transferred to the
grains. Friction between grains and atoms or molecules then transmits part of
the grain’s momentum to the gas.

2. Wind models and results

The following simplifying assumptions are used: The flow is stationary, spheri-
cally symmetric and grains exist above some reference level. The wind is neutral
and isothermal. The effects in anisotropic scattering are taken into account.

In the Full problem (FPB) the flow is described by a set of two differential
equations, one for the grains and one for the gas, coupled by collisional drag
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Figure 1.  Velocity profiles of dust grain (vg;) and gas (v) vs. the radial
distance (in units of the star radius: R=r/r.). MCH and FPB are compared
for the optically thin and thick solutions.

(Berruyer & Frisch 1983). In the Momentum Coupling Hypothesis (MCH) gas
and grains are also coupled by friction, but the whole momentum given to grains
by the radiative force is transferred to the gas by grain-gas collisions.

In each case, dynamics is self-consitently coupled with a radiative transfer
model based on the ‘Quasi-Diffusion Method’ developed by Leung (1975). For
more details about our wind models see Liberatore et al. (2001).

The input physical parameters for the two models are: R, =253Rg, L.=
4.6 x103Ly, M, =1Mg (stellar radius, luminosity and mass) , T, =3000K,
Tgas =1300K (star and gas temperature), R; =8.15 R, R, =163 R, (inner and
outer radius of the envelope), M =0.45 x10™" Mg yr™! and Mg =0.9 x10710
Mg yr~! (mass loss rate of gas and dust grains).

In the Figure 1, ‘thin’ models (for MCH and FPB) are compared with ‘thick’
models (where the medium is optically thick). We see that differences between
velocities increase. Thus the first conclusion is that with a self-consistent treat-
ment, dynamics requires the solution of the full problem. With the self-consistent
model, the decrease of vg; is faster that the decrease of v, so that the drift veloc-
ity vq =vg —v decreases. Finally, the effect of the radiative transfer on the drift
velocity vq described for MCH is amplified under FPB conditions. The gas is
less sensitive than the dust grains to variations of physical parameters because
it is a fluid.
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