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In our model, the solar nebula has three main components: an accretion disk, a protostar and a 
bipolar outflow. The outflow is driven by the accretion of material onto the protostar and has a 
probable minimum total energy of 104~ ergs. In the accretion disk, dust has aggregated to form 
conglomerates of ice and dust, perhaps a few hundred meters in radius, which we call Ice Dust 
A P P ~ ~  (IDAs). With the general infall of material, some of the IDAs are brought closer to 
the protostar, where the thermal environment of the accretion disk is hot enough to cause 
outgassing from the IDAs. This outgassing is assumed to be similar to what is observed in comets 
and it allows a crust of congealed dust, perhaps 10 cm (or more) thick, to form on the the surface 
of these IDAs. As soon as the encrusted IDAs are within 0.1 AU of the approximately solar mass 
protostar, they are subjected to intense drag heating due to the outflowing bipolar winds. The 
subsequent ablation of the crust causes droplets of the molten material to be ejected from the IDA 
and dragged by the bipolar wind. 

Droplets that have sufficiently large surface area and sufficiently small mass, will 
overcome the gravitational force of the protostar, be accelerated by the wind and ejected from the 
inner disk. We claim that these droplets become chondrules. Acceleration due to gas drag is 
(approximately) inversely proportional to the droplet's radius, i.e., smaller droplets will tend to 
overtake larger droplets. Such a situation is conducive to droplet coalescence and it allows the 
formation of compound chondrules with each chondrule of the compound chondrule being of the 
same type, due to their similar chemical structure and thermal history. If the trail of droplets behind 
the IDA is dense enough or the ambient dust is hot and thick enough, then the radiative 
environment in the droplet trail will dampen the droplet cooling rate. This will be conducive to the 
formation of compound chondrules where the smaller particle is molten while the larger is solid at 
the time of the collision. It will also allow sufficient time for dust to accrete on the droplet surface 
to form a rim of sintered dust grains. 

Some of these chondrules will again intercept the accretion disk further away from the 
protostar, where they may collide with other IDAs. The impact of the projectiles with the ice-dust 
aggregate will subject them to abrasion, which possibly causes the formation of fine grained rims 
on the projectile. Thus for chondrules we should expect that rough grained rims, due to the dust 
sintering process mentioned above, will always be surrounded by fine grained abrasion rims. 

Droplets formed from the melt stripping of encrusted DAs  that are too massive to be 
accelerated by the wind, will tend to remain relatively stationary with respect to the accretion disk, 
and be subjected to further drag heating. The resulting evaporation will make the droplet more 
refractory and less massive. If the droplet quickly loses enough mass, it too will be ejected to the 
outer disk regions by the outflow wind. This, we believe, is how refractory chondrules and some 
refractory inclusions were formed. 

While these equipotential droplets are being drag heated, they will not only be subjected to 
evaporation, but also to aggregation, fragmentation and condensation. Aggregation will occur 
between neighboring equipotential droplets of about the same size. Fragmentation will be primarily 
due to the collisions between equipotential droplets and droplets that are moving with the outflow 
wind. We would expect the resulting fragments to be irregular in size and to satisfy a power law 
size distribution. In certain regions of the outflow, material that has been evaporated from 
equipotential particles located closer to the protostar will recondense onto equipotential particles 
located further from the protostar. If more than one substance recondenses, then the substance 
with the lower condensation temperature will condense before the substance with the higher 
condensation temperature, thereby giving a reverse condensation sequence. 'Normal' 
condensation sequence particles are still possible, but require collisional fragmentation for their 
formation. If these particles are ejected from the inner disk, then some of them will collide with 
outlying IDAs in exactly the same manner as previously described for the chondrules. These 
particles are refractory inclusions . 
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